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Abstract

This research has been conducted, aiming at augmenting the precision while lessening the
original recall of an Amharic IR system. The main reason for performing query expansion is to
provide relevant documents as per user’s query that can satisfy their information need. Because
users are not fully knowledgeable about the information domain area, they mostly formulate
weak queries to retrieve documents. Thus, they end up frustrated with the results found from an
IR system. Some of the causes for this type of problem are, polysemous and synonymous terms,
which require an integration of query reformulation strategy to the IR sy.%tcm. The present study
has explored term re- weighting based query expansion approaches that integrate term re-
weighting with Statistical co-occurrence analysis, bi-gram analysis and bi-gram thesaurus
methods. In this approach, the users’ initial queries and the documents during the user relevance
feedback are represented as vectors respectively, and the similarity between them can be
obtained by calculating the vector similarity. Then we re-weight the terms through one single
document and the entire document set using Rocchio’s reweighting scheme respectively, final
weight of the term can be obtained by the combination of the above weights; finally the terms
with larger weight will be selected as query expansion terms and then fed to the three query
expansion techniques for expansion. Statistical co-occurrence analysis and bi-gram analysis use
the pseudo-relevance feedback, while the bi-gram thesaurus method utilizes a pre-built thesaurus
to expand queries. Both bi-gram analysis and bi-gram based thesaurus use the underling theory
of expanding a query, using terms that appear adjacent to a query term frequently. On the other
hand, statistical co-occurrence method considers, frequently appearing terms with the query
term, regardless of their position. Term re-weighting, three proposed query expansion techniques
were integrated to an information retrieval system. Then test result showed that bi-gram method
outperformed the other two, and scored 2% improvement in total F-measure. The performance of
the system can further be improved by designing ontology based query expansion in order to

control expanding terms that are polysemous by themselves.

Keywords: Information Retrieval, Polysemous terms, Term re-weighting, Query Expansion, Bi-

gram, Thesaurus, Statistical Co-occurrence

X1



Chapter one
1. Introduction

1.1. Background of the study

A considerable amount of explicit knowledge is scattered throughout various documents
within the organizations and the mind of people minds working there. In many cases the
possibility to efficiently access (retrieve) and reuse this knowledge is limited [1]. As a result
of this, most knowledge is not sufficiently exploited, shared and subsequently forgotten in
relatively short time after it has been introduced or invented/discovered within the
organization. Therefore, in the information society, it is vitally important for knowledge-
intensive organizations to make the best use of information gathered from various
information resources inside the organizations and from external sources like the internet. On
the other hand, tacit knowledge of authors of the document’ provides important context to

them, which cannot be effectively intercepted.

Before 1990s most people preferred getting information from others rather than information
retrieval system [2]. However, after optimization of the effectiveness, information retrieval
systems become the most preferred means of accessing information by people. Therefore, the
need to store and retrieve written information effectively and efficiently has become
increasingly important. Nowadays, information is everywhere that helps people to make the
correct decision at the right time. Information retrieval systems are designed, because of the
fast growing electronic or digital information worldwide. The recent decades has witnessed,
an explosive growth of online information including web pages, news, articles, email,
messages, scientific literature and information about all kinds of product on World Wide

Web [3].

Search engines have become the most helpful tools for obtaining useful information ever
since the development of the World Wide Web. But, the search engines sometimes fail to
cater to the users need. The large volume of information accessible over networks makes it

difficult for the user to find the exact information needed.



Information retrieval (IR) is the process of finding relevant documents from unstructured
document collection that satisfies information need of users [2]. According to Ricardo and
Ribeiro-Neto [4], “Information retrieval deals with the representation, storage, organization
and access to information items”. While the representation and organization of the
information items provides the user with easy access to the information he/she is seeking for,
the storage of information allows accumulating knowledge to make documents easily
accessible for later use. In addition, the access to information item provides the user with

effective and efficient retrieval of information based on their need.

Query expansion is the process of reformulating a seed query to improve the performance in
information retrieval operations. In the context of web search engines, query expansion
involves evaluating a user’s query and expanding the search query to match additional

documents. Query reformulation involves the following techniques [5].

» Finding synonyms of a word and searching for the synonyms as well.

» Finding all the various morphological forms of a word in a search query.

» Fixing spelling errors and automatically searching for the corrected form or
suggesting it in the results.

» Re-weighting the terms in the original query.

» Query expansion.

The main reasor: behind the development of term re- weighting based query expansion approach
is to find a solution to a synonyms and polysemous words and to retrieve relevant Amharic

documents based on the users need.
1.2. Statement of the problem

There are more than 80 languages in Ethiopia and Amharic is the mother tongue language for
more than 25 million people [6]. According to Federal Democratic Republic of Ethiopian
(FDRE) population census commission [7], it is the first language for more than 20 million and

second language for over 5 million people.

Now a day, there are a huge amount of Amharic documents produced in electronic form [8]. The

documents contain data about agriculture, water resource, tourism and business development.



Accordingly, there are huge collections of documents available in the form of books, magazines,

newspapers, novels, officials and legal documents, etc.

The importance of developing an effective information retrieval system that enables searching
and retrieving relevant document written in Ambharic language in Geez alphabet arises from

alleviating solutions for synonyms and polysemous words.

Several works have been done on Amharic information retrieval system, such as: N-Gram based
automatic indexing for Amharic text Bethlehem M. 2009 [9], Amharic text retrieval using latent
semantic indexing with singular value decomposition Tewodros H. 2003 [10], design and
implementation of Amharic search engine Tesema M. and Solomon A. [11], query expansion for
Amharic document retrieval Alemayehu .T 2010 [12] and semantic based query expansion
technique for Amharic information retrieval Abiy B. 2011[6]. That attempts to retrieve relevant
documents as per the information need of users’ expectations. Query formed by search engine
users, are generally short and vague. It is very difficult to estimate the exact user need.
Sometimes, the queries are well formed and clear, but the document collection does not contain
the information in the same form as that of the query. Synonymous terms or related terms are
present in the collection. Query expansion adds terms to the original query, which provides more

information about the user need.

Query expansion is an effective technique to improve the performance of information retrieval
system. Studies have shown that the average query length is only around 2-3 words. Due to this,
it is very difficult to understand the user intention behind the query and to provide the ideal set of

relevant documents [13].

Alemayehu’s work [12] tried to enhance the system’s recall at the expense of its precision. The
performance analysis shows that there is an enhancement of recall from an average of 0.29% to
0.73%. On the other hand, because of the tradeoff between recall and precision and because of
polysemous query term existence, his proposed system decreased the overall precision from
0.91% to 0.57% on average before and after using query expansion. While there is a decline of
precision because of the heterogeneous nature of the cluster enhancing recall of the retrieval
system while decline the precision and thesaurus terms have no related concepts with the query

terms that are generated by the automatic query expansion.



Abiy’s [6] has done semantic based query expansion for Amharic information retrieval; he tried
to enhancement the system performance of precision but cannot match the recall level of the
original query. He used statistical co-occurrence, bi-gram methods and bi-gram thesaurus. In
statistical co-occurrence method precision improved by 14% while refined query, bi-gram
thesaurus has all improved by 18%. Even though the above researcher tried to implement
different methods to enhance the performance of the Amharic document retrieval by using query
expansion, there are problem of handling polysemous words in order to retrieve Amharic
document. In addition to query expansion, term re-weighting is important to overcome the
problem of retrieving relevant documents from Amharic corpus, so the researcher is applying a
term re- weighting based query expansion approach that have a paramount importance to
enhance the performance of Amharic document retrieval system by integrating query expansion

with term re-weighting.
To this end this research attempts to address the following main research questions:

» Dose a term re- weighting based query expansion approach improve effectiveness
of the information retrieval system in searching for relevant Amharic documents?

What kinds of techniques are more appropriate to handle the challenges of

"«'

polysemous query terms?

» How query terms with synonymous and polysemous will be controlled in order to
enhance both precision and recall of Amharic document retrieval?

» What is the testing and evaluating metrics to compare and contrast the proposed
techniques?

» How to integrate query expansion, term re-weighting with the current information

retrieval system?



13.

Objective of the study

The following general and specific objectives are outlined in order to reach a level of conceptual

understanding towards solving the research problems.

1.3.1. General objectives

The main objectives of this research is to design a term re- weighting based  query

expansion approach as well as to integrate it to the existing Amharic information retrieval

system so that a better set of more relevant documents are retrieved as per the information

need of users.

1.3.2. Specific objectives

>

v

1.4.

To understand concepts of a term re- weighting based query expansion approach

and review related works from literatures to define the contribution of this study.

To explore and identify the linguistic features of the Amharic language applicable

to a term re- weighting based query expansion approach.

To investigate the available techniques for query expansion and term re-

weighting.

To integrate query expansion, and term re-weighting with-the current information

retrieval system.

To evaluate the performance of the system using information retrieval

effectiveness measures such as recall, precision and f-measure.

Scope and limitation of the study

This research is a continuation of a research done by Abiy [6]. Hence, in this research the

researcher will not design or implement any part of the original Amharic IR system, rather a term

re- weighting based query expansion technique is designed for the Amharic IR. Term re-

weighting based query expansion considers synonymous terms in general, and polysemous terms

in particular. Techniques such as term re-weighting integrated with statistical co-occurrence, bi-

gram and bi-gram thesaurus that use statistical information of terms and documents are tested to

investigate their capability to find best weighted terms for expansion.

5



For testing purposes, queries that have polysemous and synonymous terms are formulated in
order to challenge the Amharic IR system and measure the extent to which it can discriminate

their various meanings.

There are limitations in this research regarding its scope such as lack of best Amharic IR system

that have a good stemmer and inconvenience of using a big size document corpus.

1% Methodology

According to Abiy et al. [14], methodology is the theory and analysis of deciding how research
should proceed, and it involves analysis of the principles and procedures followed in a research.
Methodology covers the entire approach of research. Therefore, in this study methodology is
used to gain understanding of phenomenon, to produce a better quality documentation, to ensure
consistency and requirements met completely. The following methods and procedures are used

in order to achieve the stated objectives of this study.

1.5.1. Literature review

In order to have deeper understanding on philosophies, principles/theories and techniques of
information retrieval system, particularly on a term re- weighting based —query expansion
approach, extensive literature review were conducted from books and Internet. Previous related
research works, printed materials such as, journal articles, conference papers and electronic
materials on the web were assessed. Additional literature review and document analyses are
made to investigate and identify the feature of Amharic text, which is important to the research

in the course of Amharic text operations.

1.5.2. Dataset collection

By consulting the domain expert in Amharic language and phonetics, characteristics of the
language have been studied and data selection is carried out accordingly. The data selected
constitutes polysemous and synonym words and word variants or phrase of the Amharic
language. Moreover it is checked that the document corpora comprises the polysemous query
terms selected for testing. Finally a relevance judgment, stating which documents are relevant as

per all testing queries is prepared.




In this research, Amharic documents are collected from Amharic Bible Old Testament taken as a
document corpus. The corpus is collected by downloading lota software from internet. It
contains 21,000 steamed terms and 930 documents. [15]. Bethlehem [9] and Tewodros [10] and

Amanuel [16] used 100, 200 and 300 collections of local news articles respectively.

1.5.3. Implementation tools
To develop the prototype, Java programming language is used. Java is a programming language
developed by Sun Microsystems. It implements a strong security model, which prevents
compiled Java programs from illicitly accessing resources on the system where they execute or
on the network. Popular World-Wide Web browsers, as well as some World-Wide Web servers
and other systems implement Java interpreters. These are used to display interactive user

interfaces, and to script behavior on these systems.

Java is selected for its suitability of processing Unicode encoded text, its ease of use and its
object oriented characteristic. Moreover, the researcher has a good java programming knowledge
in order to prepare a prototype, to meet the research objective and solve the research problem. In
addition the original Amharic IR system adopted from Alemayhu [12] and Abiy [6] are

developed using Java and thus, it is convincing to use Java for compatibility issues [17].

Java NetBeans 6.9.1 and supporting package Lucene 2.1.4 are used specifically. Java NetBeans
is not only free but it has also some excellent features like, well-thought out exception handling,
impressive IDE capability, good GUI features and its small size developed applications that are

portable and can run in almost any kind of platform [18].

1.5.4. Testing procedure

To test the system, Amharic queries are formulated, terms are selected, terms are re-weighted
using Rocchio Beta formula, queries are expanded, and relevance judgment is prepared to
construct document query matrix that shows all relevant documents for each test queries. To
assess the effectiveness of the system (i.e. the quality of its search results) the most frequent and

basic statistical measures, recall, precision and F-measure are used.



Recall is percentage of relevant documents retrieved from the database in response to users
query. Precision is percentage of retrieved documents that are relevant to the query. F-measure is

a weighted harmonic mean of precision and recall [2].

1.6. Significance of the study

The main significance of the study is designing a term re- weighting based query expansion
approach for Amharic language that can help users search and retrieve relevant documents
written in Amharic language. It gives direction for researchers to select the best model for future
works on Amharic document retrieval based on the performance achieved. Additionally, it is an

academic exercise to fulfill the requirement of masters program the researcher is enrolled in.

1.7, Organization of the research
This research is organized in to five chapters. Chapter one unfolds the research background,
providing incite to the problem area. In addition, the research objective, research question, scope
and limitation, and significance of the study are outlined peculiarly. The research problem is
depicted with respect to the drawbacks of the previous study and what should be covered in the

current research.

Chapter two discusses the literature review covering the various theories, facts, techniques,
methods and mathematical equations from various researches, text books, published journals and
the internet. It includes overview of general consensuses, facts, ranking algorithms, term
selection ideas and evaluation mechanisms. In relation with query  expansion, Historical
background of Amharic language, the Ambharic writing system, and characteristics of ambiguous
Ambharic terms and other related topics are covered. In addition, it gives incite to what have been

done so far regarding Amharic IR and the Amharic language.

Design of term re- weighting based query expansion techniques is covered in chapter three. The
architectural view of query expansion model and a term re- weighting based query expansion
model is outlined. Techniques like query refinement and how the proposed techniques work are

discussed.




Experimental results measured in recall, precision and f-measure is recorded for each technique
on chapter four. It further explains the interpretation of the results to answer the research
questions. It also discuses challenges occurred while testing and limitations of the techniques, so

that research recommendations can be specified.

Finally, chapter five presents conclusion drawn from the findings of the study and

recommendations that should be entertained in future researches.




Chapter two

2. Literature review

2.1.  Brief History of IR systems

The practice of archiving written information can be traced back to around 3000 BC, when the
Sumerians designated special areas to store clay tablets with cuneiform inscriptions. Even then
the Sumerians realized that proper organization and access to the archives was critical for
efficient use of information. They developed special classifications to identify every tablet and
its content. The need to store and retrieve written information became increasingly important
over centuries, especially with inventions like paper and the printing press. Soon after computers
were invented, people realized that they could be used for storing and mechanically retrieving
large amounts of information. In 1945 Vannevar Bush published a ground breaking article titled
“As We May Think” that gave birth to the idea of automatic access to large amounts of stored
knowledge [19]. In the 1950s, this idea materialized into more concrete descriptions of how
archives of text could be searched automatically. Several works cmcrgc;i in the mid 1950s that
elaborated upon the basic idea of searching text with a computer. There has, however, been a
tension throughout the life of information retrieval between simple statistical methods and
sophisticated information analysis. This dates to a memo by Warren Weaver in 1949 [Weaver
1955] thinking about the success of computers in cryptography during the war, and suggesting
that they could translate languages. He wrote “it is very tempting to say that a book written in
Chinese is simply a book written in English which was coded into the ‘Chinese code.” If we have
useful methods for solving almost any cryptographic problem, may it not be that with proper
interpretation we already have useful methods for translation?” Just as Vannevar Bush's paper

began hypertext, Warren Weaver's paper began research in machine translation [20].

One of the most influential methods was described by H.P. Luhn in 1957, in which (put simply)
he proposed using words as indexing units for documents and measuring word overlap as a
criterion for retrieval[4]. Several key developments in the field happened in the 1960s. Most
notable were the development of the SMART system by Gerard Salton and his students, first at
Harvard University and later at Cornell University: [21] and the Cranfield evaluations done by

Cyril Cleverdon and his group at the College of Aeronautics in Cranfield [22]. The Cranfield
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tests developed an evaluation methodology for retrieval systems that is still in use by IR systems
today. The SMART system, on the other hand, allowed researchers to experiment with ideas to
improve search quality. A system for experimentation coupled with good evaluation
methodology allowed rapid progress in the field, and paved way for many critical developments
[23].

The 1970s and 1980s saw many developments built on the advances of the 1960s. Various
models for doing document retrieval were developed and advances were made along all
dimensions of the retrieval process. These new models/techniques were experimentally proven to
be effective on small text collections (several thousand articles) available to researchers at the
time. However, due to lack of availability of large text collections, the question whether these
models and techniques would scale to larger corpora remained unanswered. This changed in
1992 with the inception of Text Retrieval Conference, or TREC. [24] [31] TREC is a series of
evaluation conferences sponsored by various US Government agencies under the auspices of

NIST, which aims at encouraging research in IR from large text collections.

With large text collections available under TREC, many old techniques were modified, and
many new techniques were developed (and are still being developed) to do effective retrieval
over large collections. TREC has also branched IR into related but important fields like retrieval
of spoken information, non-English language retrieval, information filtering, user interactions
with a retrieval system, and so on. The algorithms developed in IR were the first ones to be
employed for searching the World Wide Web from 1996 to 1998. Web search, however, matured

into systems that take advantage of the cross linkage available on the web [25].

Information retrieval is a key technology that has been made in the history of humankind. It is
the key technology behind search engines and an everyday technology for many web users [26]

[30].

2.2. IR Models

D.Hiemstra 2009 [26] stated that, IR model is the mechanism of predicting and explain the need
of the user given query to retrieve relevant documents from a collection. IR models serves as
blueprint so as to develop applicable IR system. In addition to that, IR models guide the

matching process to retrieve a ranked list of relevant document given a query. IR models are
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broadly categorized in to two approaches, which are semantic approach and statistical approach.
Semantic approaches models such as, latent semantic indexing and neural network try to work on
syntactic and semantic analysis. They attempt to implement some degree of understanding the
natural language text that users provide. On the other hand, statistical approaches such as, vector
space model and probabilistic model attempts to retrieve documents that are highly ranked in

terms of statistical measure [27].

The three most widely used information retrieval models that are bases on statistical approaches
are Boolean, vector space, and probabilistic [4]. The three IR models again can be classified
based on their mathematical basis. In the Boolean model, a set of index terms are used to
represent document and query. Therefore, the mathematical basis can be called set theoretic. In
the vector space model, a vector in a t-dimensional space is used for representing document and
query, therefore, the model is algebraic. In the probabilistic model, probability theory is used for
representing document and query. Therefore, the model is probabilistic. Different scholars have
proposed several alternative approaches based on their mathematical basis. For set theoretic
models, the alternatives are; the fuzzy and the extended Boolean models. For algebraic models,
the alternatives are; the generalized vector, the latent semantic indexing, and the neural network.
For probabilistic model, the alternatives are; the inference network and the belief network

models [4].

2.2.1. Boolean Model

The Boolean model is the first and the simplest model of information retrieval. It works based on
set theory and Boolean algebra which allowed users to specify their information need using a
combination of classical Boolean operators, ANDs, ORs and NOT [2][29][32]. For instance,
query tl and query t; (t1 AND t2) is only satisfied by a given document D] if and only if DI
contains both terms t1 and t2. Likewise, the query “tI OR t2” is satisfied by D1 if and only if it
contains t1 or t2 or both. On the other hand, the query “t1 AND NOT t2” satisfies D1 if and only
if it contains t1 and does not contain t2. The model views each document as just a set of words
[28].The weight for index terms in Boolean retrieval model are all binary (i.e. W;; E{0, 1}. The
similarity of a document dj to the query q is expressed as: sim dj, = 1= if document satisfies

the boolean query 0=Otherwise Where, if similarity of document dj to the query q is equal to



| (present), the document dj is relevant. Whereas, if similarity of document d; to the query q is

equal to O(absent) the document is not relevant [4].

Boolean model have an advantage of giving users a sense of control over the system. It is
immediately clear why a document has been retrieved given a query. If the resulting document
set is either too small or too big, it directly clear which operators will produce respectively a
bigger or smaller set. The other advantage of this model is the clean formalism behind the model
and its simplicity [4] [27]. However, the model has a number of clear disadvantages. First, most
user find it difficult to translate their information need into a Boolean expression. Second, the
model has not follow document ranking principle by nature, which means all retrieved
documents are considered equally important. Third, the model either retrieves too few or too
many documents, or sometimes not retrieves any, which might lead to null result. In addition it’s
sometimes creates its own problems, such as, misunderstanding and misrepresentation of the
users information needs [4] [32]. Several attempts has been done so far to make the model
effective by developing different alternatives of the model such as fuzzy set model and the
extended Boolean model. However, IR communities consider that Boolean system is less
effective than ranked retrieval system [33]. Accordingly, a number of models have been
proposed for this process; the widely used IR models are the Vector Space Model and the

Probabilistic Model [27].

2.2.2. Vector Space Model

Vector space model is one of the commonly used statistical approaches to represent each textual
document as a set of terms [26]. In this model, documents and terms are represented as vectors in
a k-dimension space where each dimension corresponds to a possible document feature. The
word “terms” is not inherent in the model, but terms are typically words and phrases. The values
assigned to elements in the vector space describe the degree of importance of term in
representing the semantics of the document. Sometimes a given term may receive a different
weight in each document in which it occurs. If the term is not appearing in a given document the
weight of that term will be zero in that document [4]. For a given document (dj) the weight of the
terms in it can be expressed as the coordinates of dj in the document space. A document
collection containing a total of documents (*d”) described by terms (“1") is represented as term

by document matrix (T x D). Each row of this matrix is a term vector and each column of this
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matrix is a document vector. The element at row i, column j, is the weight of term j in document
I [2].

Term list Docl Doc Doc3 Doc4 | ...... Doc n

Term 1 W11 W12 W13 wig4 |.... Win
Term 2 W 21 W 22 W 23 w24 |.... W 2n
Term 3 w31 W 32 w33 (w34 |.... [w3n
Term 4 W41 W 42 W43 WAa4 . |orienss Wdén
Term 5 W51 W 52 W53 WEKpeiil oons W5n
Term m Wmn Wmn Wmn wWmn oo e Wmn

Table 2.1: Example of Term Document Matrix

In this model, query is interpreted as another document in document space. If the term that is not
in the collection but appear in the query, this will add additional dimension in the document
space [4]. The weight of terms in the documents or in the queries assigned by using term
frequency (TF) and inverse document frequency (TF*IDF) scheme which are the most successful
and widely used automatic generation of weights [4]. The term frequency is the frequency of
occurrence of the given term within the given document. This scheme attempts to measure the
degree of importance of the term within the given document. Inverse document frequency (idf) is
a frequency of a given term within an entire collection of documents. It attempts to measure how

widely the term is distributed over the given collection.

The similarity of document and query in vector space model is determined by correlation
between the vectors dj and vector q. The correlation is quantified by the.associative coefficients
based on the inner product (dot product) of the document and query vector, where documents
whose vectors are close to the query vector are more relevant to the query than documents whose
vectors are far from the query vector [4]. As discussed in section 2.1.3 there are different
similarity measurements. However, the most widely used by vector space model and popular
similarity measure is the cosine coefficient, which measures the angle between the document
vector and the query vector [4]. According to [4], Vector space models (VSM) have several

advantages. First, it improves retrieval performance using its term-weighting scheme. Second,
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the partial matching strategy of VSM allows retrieval of document approximate the query
condition. Third, it sort and rank the documents according to their degree of similarity to the
query using cosine similarity measurement. Finally, it is simple to implement and fast. However,
the model has also several disadvantages. It considers terms as unrelated objects in the semantic
space. This means, if no common words are shared between the query and documents in text
collection, the similarity value will be zero and no document will be retrieved. This is usually
happened when users and authors prefer to use different words which have the same meaning
[4]. Vector space model is not attempt to define uncertainty in IR system and its ranked answers
sets is difficult to improve upon without the integration of query expansion and reformulation
modules to the model [34]. Literature suggested that one of the alternative modeling paradigm,
which is capable of solving the above mentioned problem of vector space model is probabilistic

IR model [34][35].

2.2.3. Probabilistic Model

In information retrieval process, user first start with information needs which is then translated
into query representation. On the other side, documents are also translated into document
representation. Finally, the system attempts to determine the relevance of the document to the
information need of the users. In IR models such as, Boolean and Vector space model, given a
query and document representation matching is done without considering the semantic
relationship between query and documents. IR systems build upon those models has an uncertain
guess of whether a document has content relevant to the information need. However,
probabilistic theory provides a principled foundation for such reasoning under uncertainty [2]
[34]. Maron and Kuhns was the first to introduce ranking by the probability of relevance, soon
after Stephen Robertson brought new idea called, probabilistic ranking principle in 1977 [29] [4]
that a document di will be judged relevant by the user with respect to query q. which is expressed
as, P(R|q,di), where, R is the set of relevant document. Typically, in prqbabilistic model, based
on the query of user the documents are divided in to two parts. The first contain relevant
documents and the second contain non-relevant (irrelevant) documents. However, the probability
of any document is relevant or irrelevant with respect to user query is initially unknown.
Therefore, the probabilistic model needs to guess at the beginning of searching process. The user

then observe the first retrieved documents and gives feedback for the system by selecting
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relevant documents as relevant and irrelevant documents as irrelevant. By collecting relevance
feedback data from a few documents, the model then can be applied in order to estimate the
probability of relevance for the remaining documents in the collection. This process iteratively
applied to improve the performance of the system so as to retrieve relevant documents which
satisfies users need [20]. In probabilistic model, the order in which documents are presented to
the user is to rank documents by their estimated probability of relevance with respect to the user
information need. The principle behind this assumption is called, probability ranking principle
(PRP) [2][4]. Probability ranking principle asserts that [36]: If a reference retrieval system'’s
response to each request is a ranking of the documents in the collections in order of decreasing
probability of usefulness to the user who submitted the request, where the probabilities are
estimated as accurately as possible on the basis of whatever data has been made available to the
system for this purpose, then the overall effectiveness of the system to its users will be the best
that is obtainable on the basis of that data Several retrieval models have been developed, which
has a probabilistic basis. The mostly used and recent developed methods of probabilistic model

are, Binary Independent Model, Inference Network Model and Belief Network Model [4].

» Binary Independent model

The classical Binary independence model (BIM) was introduced in 1976 by Roberston and
Sparck Jones [4]. According to Greengrass [27], the model has been called “binary
independence” because it has been assumed that to arrive at the model one must make the
simplifying assumption that the document properties that serve as clues to relevance are
independent of each other in both the set of relevant documents and the set of non-relevant

documents. In BIM, binary is equivalent to Boolean; queries and documents are represented as

binary incidence vectors of terms. D= {dj, d2,.....dn} where, di=1 if term i is present in

document d and 4;=0 if term i is not present in document d. Moreover, query q represented by the

incidence vector. As expressed above, in BIM model, the probability of P (R|d,q) that a
document is relevant through the probability in terms of term incidence vectors P(R|x ,q ) in both

document and query.
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» Bayesian Networks Model

Bayesian networks model was introduced by Turtle and Croft [2] as information retrieval model
on the basis of probabilistic theory. Bayesian networks use a form of probabilistic graphical
model. They use directed acyclic graphs (DAGs) to show probabilistic dependencies between
variables, in which the nodes represent random variables, the arcs depict causal relationships
between these variables. They have child and parent causal relationship, which is represented by

linking each parent node to the child node. Only the root nodes are without parents [4].
» Bayesian Inference Network Model

According to Baeza-Yates and Ribeiro-Neto [4], there are two traditional schools of thought in
probability which are based on the frequentist view and the epistemologist view. The frequentist
views probability as a statistical notion related to the laws of chance. The epistemologist views
probability as a degree of belief whose specification might be devoid of statistical

experimentation.

Bayesian Inference Network model is built up on epistemologist view of the information
retrieval problem. It associates random variables with the index terms, the documents and the
user queries. The model computes P(I|D), the probability that a user’s information need (1) is
satisfied given a particular document (D). This probability can be computed separately for each
document in a collection. The documents can then be ranked by prs)bability. from highest

probability of satisfying the user’s need to lowest [4].
~ Bayesian Belief Network Model

Bayesian belief network is the use of Bayesian calculus to determine the probabilities of each
node from the predetermined conditional and prior probabilities [37]. As Baeza-Yates and
Ribeiro-Neto [4], stated in Bayesian belief network the users query q is modeled as a network
node to its associated random variable. Whenever q completely covers the concept space C the
variable is set to 1. Therefore belief network computes the probability of g, (i.e. P (q)) by the
degree of coverage of the space C by q. Document dj is modeled as network node to its
associated binary random variable. If dj completely covers the concept space C the variable set to

I. To compute the probability of dj (P (dj)), compute the degree of coverage of the space C by dj.
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In belief network documents and the user query modeled as subsets of index terms. Each subset
is interpreted as concept in the concept space C [4]. The ranking principle in belief network
expressed as, the degree of coverage provided to the concept dj by the concept q. P (djlq) is

adopted as the rank of the document dj with respect to the query ¢ [4].

In general, probabilistic models attempt to capture the information retrieval problem within a
probabilistic framework. Unfortunately, the probabilistic model has got its own drawbacks. First,
the probability theory analysis takes much more time and efforts, and it offer unnccessary
theoretical burden on the researcher. Second, probabilistic model need to guess the initial
separation of documents into relevant and non-relevant sets. Third, the model does not take into
account the frequency with which an index term occurs inside a document. In other word, all

weighs are binary [4] [27].

-

However, probabilistic model have several potential advantages [4] [27]. The first, advantage is
the expectation of retrieval effectiveness that is near to optimal relative to the evidence used is
high. Second, it has less reliance on traditional trial and error retrieval experiments. Third, each
document’s probability of relevance estimate can be reported to the user in ranked output. It
would presumably be easier for most users to understand and base their stopping behavior (i.e.,

when they stop looking at lower ranking documents).

2.3.  Query operation

Without detailed knowledge of the collection make-up and of the retrieval environment, most
users find it difficult to formulate queries which are well designed for retrieval purposes. In fact,
as observed with Web search engines, the users might need to spend large amounts of time
reformulating their queries to accomplish effective retrieval. This difficulty suggests that the first
query formulation should be treated as an initial (naive) attempt to retrieve relevant information.
Following that, the documents initially retrieved could be examined for relevance and new
improved query formulations could then be constructed in the hope of retrieving additional
useful documents. Such query reformulation involves two basic steps: expanding the original
query with new terms and reweighting the terms in the expanded query [modern]. In this

research, methods involving query expansion and term re-weighting are investigated.
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Relevance feedback is the most popular strategy used to select expanding terms for query
reformulation purpose [4]. A process involving, the use of relevance feedback and query
reformulation is called query operation. The two basic approaches to provide relevance feedback

are user’s relevance feedback and pseudo-relevance feedback [4].

2.4.  User’s Relevance Feedback

Relevance feedback is the most popular query reformulation strategy. In a relevance feedback
cycle, the user is presented with a list of the retrieved documents and, after examining them,
marks those which are relevant. In practice, only the top 10 (or 20) ranked documents need to be
examined. The main idea consists of selecting important terms, or expressions, attached to the
documents that have been identified as relevant by the user, and of enhancing the importance of
these terms in a new query formulation. The expected effect is that the new query will be moved

towards the relevant documents and away from the non-relevant ones.

User relevance feedback is the process of involving users in the retrieviné process. A system that
uses this approach needs judgment from users, So that a query with better meaning expression
power can be formulated. User relevance feedback involves a series of steps. First the user issues
a query on which the system returns an initial set of documents. Among the retrieved documents,
the user marks some of them as relevant. The systems then computes a better representation of
the query, based on user’s relevance judgment. Finally the system uses the reformulated query to

retrieve the revised set of documents Manning et al [26].

2.5.  Query Expansion and Term Reweighting for the Vector Model

The application of relevance feedback to the vector model considers that the term weight vectors
of the documents identified as relevant (to a given query) have similarilies among themselves
(i.e.. relevant documents resemble each other). Further, it is assumed that non-relevant
documents have term-weight vectors which are dissimilar from the ones for the relevant
documents. The basic idea is to reformulate the query such that it gets closer to the term-weight

vector space of the relevant documents [4].



Let us define some additional terminology regarding the processing of a given query ¢ as
follows,

D,: set of relevant documents, as identified by the user, among the retrieved documents;
D, set of non-relevant documents among the retrieved documents;
(', set of relevant documents among all documents in the collection; .

D,, 1Dy, 1G: number of documents in the sets D,, D, and G, respectively; a, f, r tuning

constants.

Consider first the unrealistic situation in which the complete set Gr of relevant documents to a
given query ¢ is known in advance. In such a situation, it can be demonstrated that the best query
vector for distinguishing the relevant documents from the non-relevant documents is given by,

PO o Rty L d
g Vd,EC,j N _ICr

J
|Cr vd,eC,

The problem with this formulation is that the relevant documents which compose the set O, are
not known a priori. In fact, we are looking for them. The natural way to avoid this problem is to
formulate an initial query and to incrementally change the initial query vector [4]. This
incremental change is accomplished by restricting the computation to the documents known to be
relevant (according to the user judgment) at that point. There are three classic and similar ways

to calculate the modified query gas follows,

Standard _Rochio: gy =@ g+ l D'B Z d p | l; z d §3 T iesaess (2.2)

r Vllll”,

o: Tunable weight for initial query.
f3: Tunable weight for relevant documents.
y: Tunable weight for irrelevant documents.
I de-Reguilfaps ot o CAREER R R 8- . s R e (2.3)
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vd,eD, vd ,eD,

a: Tunable weight for initial query.
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f3: Tunable weight for relevant documents.

y: Tunable weight for irrelevant documents.

qm i aq. ) ﬂ z d/ =y max non - relevant (d/)
I de. Dec. Hi: vd,eD,

«: Tunable weight for initial query.
[3: Tunable weight for relevant documents.
y: Tunable weight for irrelevant documents,

The Rochio formulation is basically a direct adaptation of equation 2.1in which the terms of the
original query are added in. The motivation is that in practice the original query q may contain
important information. Usually, the information contained in the relevant documents is more
important than the information provided by the non-relevant documents. This suggests making
the constant, y smaller than the constant 3 (3. An alternative approach is to set, y to 0 which

yvields a positive feedback strategy [4].

The main advantages of the above relevance feedback techniques are simblicity and good results.
The simplicity is due to the fact that the modified term weights are computed directly from the
set of retrieved documents. The good results are observed experimentally and are due to the fact
that the modified query vector does reflect a portion of the intended query semantics. The main

disadvantage is that no optimality criterion is adopted: [4]

2.6. Term Reweighting for the Probabilistic Model

The probabilistic model dynamically ranks documents similar to a query ¢ according to the

probabilistic ranking principle [4].

EHIR) - P(h(R) )

...( -)

where P(k|R) stands for the probability of observing the term & in the set R of relevant

documents and P(k|R) stands for the probability of observing the term k; in the set R of non-
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relevant documents. Initially, equation 2.5 cannot be used because the probabilities Pk/R) and
P(k|R) are unknown. A number of different methods for estimating these probabilities
automatically (i.e., without feedback from the user)

For the initial search (when there are no retrieved documents yet), assumptions often made
include: (a) P(k|R) is constant for all terms k (typically 0.5) and (b) the term probability
distribution P(k|R) can be approximated by the distribution in the whole collection. These two

assumptions yield:
Pek|R)= 0.5
Prk/|R)=n,/N

Where, as before, ni stands for the number of documents in the collection which contain the

term-. Substituting into equation 5.2, we obtain

: : N -n
sim(d ,,q) = Z w,.qw,./(log —7—-‘-)
=1 i

For the feedback searches, the accumulated statistics related to the relevance or non-relevance of
previously retrieved documents are used to evaluate the probabilities P(kilR) and P(kilR). As
before, let DF be the set of relevant retrieved documents (according to the user judgment) and
D,i be the subset of Dr composed of the documents which contain the term & . Then, the
probabilities P(ki|R) and P(ki|R) can be approximated by

>

— =
k R = [ rd g

Using these approximations, equation 5.2 can rewritten as

i=l

: : |Du| » = |D'-'J
sim (d ,,q) = z w"'w"'bs['D'l'ID..:l N '|Do|'("-“IDr.-]) -y 8

Notice that here; contrary to the procedure in the vector space model, no query expansion occurs.
The same query terms are being reweighted using feedback information provided by the user.
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The main advantages of this relevance feedback procedure are that the feedback process is
directly related to the derivation of new weights for guery terms and that the term reweighting is
optimal under the assumptions of term independence and binary document indexing (W,q £ {0,
1} and W,j £ {0, 1}) [4].

The disadvantages include:
(1) Document term weights are not taken into account during the feedback loop;
(2) Weights of terms in the previous query formulations are also disregarded; and

(3) No query expansion is used (the same set of index terms in the original query is reweighted

over and over again).

2.7. Pseudo-relevance feedback

The previous ‘discussed method of reformulating queries involves users. User's relevance
judgment is necessity to come up with words which have the potential to increase query quality.
Thought, user’s relevance feedback tends to reformulate user’s queries as per their judgment, it
can also be boring & time taking for them, which in turn degrades their interests of further
searching. As a solution to this problem pseudo-relevance feedback method was introduced,
which doesn’t need user’s involvement? As IR system which uses pseudo-relevance feedback
method automatically generates expanding terms. There exist two approaches that utilize pseudo-
relevance feedback method called Local automatic analysis and global automatic analysis [4].
For relevance feedback, the former utilizes documents that are initially retrieved using users
original query and the latter analyzes the whole document corpus [4] In both cases the process is
completely automatic, such that users have no clue, whether their first query have been

reformulated or not,

2.7.1. Local automatic analysis

Local automatic analysis is a method that uses the document which is considered as relevant by
the system in the first retrieval attempt, to formulate the original query. This means, the
documents retrieved for a given query q are examined at query time to determine terms for query
expansion [4]. There are two kinds of local automatic analysis techniques; query expansion

based clustering and query expansion based on both local and global analysis [4].
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2.7.1L.1. Query Expansion through Local Clustering

Adoption of clustering techniques for query expansion is a basic approach which has been
attempted since the early years of information retrieval. The standard approach is to build global
structures such as association matrices which quantify term correlations (for instance, number of
documents in which two given terms co-occur) and to use correlated terms for query expansion.
The main problem with this strategy is that there is not consistent evidence that global structures
can be used effectively to improve retrieval performance with general collections. One main
reason seems to be that global structures do not adapt well to the local context defined by the
current query. One approach to deal with this effect is to devise strategies which aim at
optimizing the current search. Such strategies are based on local clustering. Some of these

techniques are discussed below [4].
v Association clustering

This method tries to associate terms which co-occur in various documents, An association cluster
is based on the co-occurrence of stems (or terms) inside documents. The idea is that stems which

co-occur frequently inside documents have a synonymity association [4].
*  Definition:
~  fsij : the frequency of a stem s, in a document d, ,

— Let m=(my) be an association matrix with |S} row and |D] columns, where

lnuzfsu.
—  Tne matrix s=mm is a local stem-stem association matrix.

Each element s, , in s expresses a correlation ¢, , between the stems s, and s,:
i e b L Sl e S L (2.9)
PN 0 R
d € D,
The correlation factor Cu,v quantifies the absolute frequencies of co-occurrence and is said to be

unnormalized. Thus, if we adopt X
v o e Cy.p
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Then the association matrix s is said to be unnormalized. An alternative is to normalize the

correlation factor. For instance, if we adopt

S g Cu’v ................ (2'0)

Cu.u + cv,v =C

u,v

The association clustering method them takes the ¢"row holding the co-occurrence information
of term g, from the normalized matrix S, returns n number of terms with the highest S,

values. This in turn makes a cluster of n new terms have good co-occurrence with the term q.
v Metric clustering

Association clusters are based on the frequency of co-occurrence of pairs of terms in documents
and do not take into account where the terms occur in a document. Since two terms which occur
in the same sentence seem more correlated than two terms which occur far apart in a document,
it might be worthwhile to factor in the distance between two terms in the computation of their

correlation factor. Metric clusters are based on this idea [4].

-

Let the distance r(ki, kj) between two keywords &, and 4; in a same document. If &, and &, are in

distinct documents we take r(ki, kj)= =

A local stem-stem metric correlation matrix s is defined as:

Each element s,,, of s expresses a metric correlation ¢, , between the set my s, and s,

|
Conw = Z Z m (2.11)

"1‘5”’(%)",5"(-".) .........

In this expression, as already defined, V(su) and V(sv) indicate the sets of keywords which have
Su and Sv as their respective stems. Variations of the above expression for Cu,v have been
reported in the literature (such as 1/r( ki,kj) but the differences in experimental results are not

remarkable [4].

The correlation factor Cu,v quantifies absolute inverse distances and is said to be unnormalized.

Thus, if we adopt
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Su,v=Cuyv

Then the association matrix s is said to be unnormalized. An altemative is 10 normalize the
correlation factor, For instance, if we adopt
c(k' » k' )

k., k,) =
s(k,.k,) [P ORI SNE) oe @.12)

At last from the normalized matrix S, those having the highest value with gth raw are selected

for expansion purpose,
v Scalar clustering

One additional form of deriving a synonymity relationship between two local stems (or terms) Su
and Sv is by comparing the sets Sufm) and Svim). The idea is that two stems with similar
neighborhoods have some synonymity relationship. In this case we say that the relationship is
indirect or induced by the neighborhood. One way of quantifying such neighborhood
relationships is to arrange all correlation values Si./ in a vector Su, to arrange all correlation
values Sv,i in another vector sv, and to compare these vectors through a scalar measure. For
instance, the cosine of the angle between the two vectors is a popular scalar similarity measure

(4].

— @ e

S o5
S B g e (2.13)

|s, Ix1|s, |

The correlation matrix sis said to be induced by the neighborhood.

2.7.2. Global automatic analysis

The methods of automatic local analysis extract information from the local set of documents
retrieved to expand the query. It is well accepted that such a procedure yields improved retrieval
performance with various collections. An alternative approach is 1o expand the query using
information from the whole set of documents in the collection. Strategies based on this iea are
called global analysis procedures. Until the beginning of the 1990s, global analysis was
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considered to be a technique which failed to yield consistent improvements in retrieval
performance with general collections. This perception has changed with the appearance of
modern procedures for global analysis [4]. Two modern procedures for global analysis are query

expansion based on similarity thesaurus and query expansion based on statistical thesaurus.

2.7.2.1. Query Expansion based on a Similarity Thesaurus

The similarity thesaurus is based on term to term relationships rather than on a matrix of co-
occurrence. A similarity thesaurus is built considering term to term relationships. However, such
relationships are not derived directly from co-occurrence of terms inside documents. Rather, they
are obtained by considering that the terms are concepts in a concept space. In this concept space,
cach term is indexed by the documents in which it appears. Thus, terms assume the original role

of documents while documents are interpreted as indexing elements [4]. Therefore an individual

. . - B R W, W adt W
terms k; is seen as a vector and is defined as ™ AW s Wi

%) Where wiy is a

weight associated to index-document pair [ki,dj]. These weights are computed as follows [4].

(0.5+0.5x—_L)xizf,
max,\Viy

W, = e

S 0.5+0.5 f f
: '}
/.Zl( + x (f,,) 1

Where maX j(fi,j) computes the maximum of all factors fi,j for the i" term (i.e., over all
documents in the collection). We notice that the expression above is a variant of tf-idf weights
but one which considers inverse term frequencies instead. The relationship between two terms ku

and kv is computed as a correlation factor Cu,v given by

=k, +k, =Z W iXW,,

The global similarity thesaurus is built using this correlation factor Cu,v. after the thesaurus is

built a system expands a query with concepts similar to the whole of the query q, in this steps

(4]. -



First the query q is associated a vector q in the term-concept space given by
Q= ) w, .k,

Where w, 4 is a weight associated to the index-query pair(k,.q)

Second Compute a similarity sim(q,ky) between each term k, and the user query g

.

sim(q, k)= Q'K= Z WiugXCyy
& L i R e ) (2.17)

Where ¢, is the correlation factor

Finally, Add the top r ranked terms according to sim(q,k,) to the original query q to form the

expanded query q'. To each expansion term k, in the query q" is assigned a weight w, ;- given by

g sim(q, X

v, ll
2 Yo

kueq

The expanded query q’ is then used to retrieve new documents to the user

2.7.2.2. Query expansion based on statistical thesaurus

The global thesaurus is composed of classes which group correlated terms in the context of the
whole collection. Such correlated terms can then be used to expand the original user query. To be
effective, the terms selected for expansion must have a high term discrimination value which
implies that they must be low frequency terms. However, it is difficult to cluster low frequency
terms effectively due to the small amount of information about them (they occur in few
documents). To circumvent this problem, we cluster documents into classes instead and use the
low frequency terms in these documents to define our thesaurus classes. In this situation, the

document clustering algorithm must produce small and tight clusters [4].

A document clustering algorithm which produces small and tight clusters is the complete link

algorithm which works as follows (naive formulation).

(1) Initially, place each document in a distinct cluster.
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(2) Compute the similarity between all pairs of clusters.

(3) Determine the pair of clusters [Cu, C'v/ with the highest inter-cluster similarity.
(20) Merge the clusters Cu and Cv'

(5) Verify a stop criterion. If this criterion is not met then go back to step 2.

(6) Return a hierarchy of clusters.

The similarity between two clusters is defined as the minimum of the similarities between all
pairs of inter-cluster documents (l.e., two documents not in the same cluster). To compute the
similarity between documents in a pair, the cosine formula of the vector model is used. As a

result of this minimality criterion, the resultant clusters tend to be small and tight [4].

After preparing the document cluster, three parameters are taken from users to select the most
appropriate document clusters from which the thesaurus class is generated. The first parameter is
threshold class (TC). The second, number of documents in a class (NDC), and the third is the
minimum inverse document frequency (MIDF). TC is determined by setting the minimum
amount of similarity required between two clusters, which are about to be merged. Therefore, for
two clusters to be merged, the similarity between the two surpasses a given TC. NDC is the
minimum number of document that should be found in a cluster. If there are two clusters Cype
and C,, and if the NDC factor is small, the system prefers the cluster C,p, and if it is a big
number then C, ¢ is selected. The last factor MIDF is used to select words from each cluster that
are used to create the threshold class. An average term weight wt for each thesaurus class C is

computed as follows [4].

C|
w A 8!
witc i 3 (SR

...........................................

Where |C| is the number of terms in the thesaurus class C, and Wi.c is a pre-computed weight
associated with the term-class pair [ki , C]. This average term weight can then be used to

compute a thesaurus class weight We, as;
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The above weight formulations have been verified through experimentation and have yielded
good results [4]. However, the main problem is estimating parameters of TC, NDC and MIDF.
This is because, different values of these parameters yield various results, which most of them

might not be effective [4].

2.8. IR System Evaluation

Retrieving relevant document from the collection that satisfies users need is the heart of IR
system evaluation in determining its effectiveness. Two strategies are identified in measuring the
effectiveness performance of IR systems. The first is the user-centered strategy, which uses
relevant judgment so as to evaluate the performance of the system and the second is system
centered strategies which work based on reference judgment available prior to testing process
[4]. Based on the concept of relevance (i.e. to a given query or information need), there are
several techniques of measures of IR performance available, such as, precision and recall, F-
measure, E-measure, MAP (Mean average precision), R-measure, etc {28]. In this study, the
three widely used techniques namely; precision, recall, and F-measure are used to measure the

effectiveness of the IR system designed.

Precision and recall are the two most frequent and basic statistical measures. Recall is the
percentage of relevant documents retrieved from the database in response to users query,
whereas precision is percentage of retrieved documents that are relevant to the query [1]. To
show these metrics, assume the document collection be D. Let Ry is all retrieve documents from
the collection D and R; a number of relevant documents in D. The joint of R, and R, is a set of
documents retrieved and relevant, RA. Therefore, the recall and precision can be calculated using

equation 2.21 and 2.22 respectively.
Recall= RA | R |[Rileeeererecrneereneenes (2.21)

Precision=RA | R¢ || Re|cvvvviniininnnnn (2.22)
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The formula show above for precision and recall assume that, all documents retrieved (Rt) is
examined by user. Thus, the retrieved document cannot be presented for the user at once. Rather,
the retrieved documents are presented according to their degree of relevance as per the user
query. Then, the user examines the ranked documents starting from the top. This kind of
examination of Gocuments by the user leads the recall and precision measures to vary. Therefore,
for appropriate evaluation of recall and precision, plotting a precision versus recall curve is

necessary [4].

To draw precision-recall curve, for example let documents retrieved by the system is Dr Where
Dr = {d3, d33, d9, d1, d10, d11, d14, d7, d44, d49, d50, d53, d55, d77, d133} in ranked order.
Assume Rq contain a set of relevant documents for the query. Where, Rq = {d1, d3, d7, d10,
d14, d33, d44, d49, d55, d133}. Based on the given information recall- precession curve is
constructed. However, when constricting the curve based on the original recall and precession
may result in saw tooth curve, there is a need to smooth the curve using interpolation technique

[4].
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Figure 2.1: Example of precision and recall graph

The example shown above for plotting precision and recall is carried out for a single query.
When measuring the performance of IR system multiple queries are used. To evaluate the
performance of the system using k queries, average precision at each recall level is used. This

can be expressed as follows [4];
©©=F, i | PIONG,NGI= e 2.23)
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Where, P (r) is the average precision at the recall level r, Nq is the number of queries used, and
Pi(r) is the precision at recall level r for the i query. It is an empirical fact that on average as
recall increases, precision decreases. The recall levels for each query might be deferent from the
standard recall levels, which is difficult to compare performance across queries. Therefore,
interpolation procedure is necessary. As a result, a single precision value for each query can be
used that takes a precision at some recall level for each single query. The interpolated precision
versus recall curve is shown as follows; Let rj, j E {0, 1,2, ..., 10}, be a reference to the j"‘
standard recall level. Then, P(rj) = max rj < r<rj+1 P(r), “which states that the interpolated
precision at the jth standard recall level is the maximum known precision at any recall level

between the jth recall level and the (j + 1)" recall level”[4].

In general, precision and recall have been used widely so as to evaluate information retrieval
system performance. However, they measure two different aspects of the system and thus they
are inversely relative. If recall of a system is improved then the precision is reduced. The reason
behind this is that, when attempt is made to include many of the relevant documents, irrelevant
documents more and more exist in the answer set. On the other hand, if precision of a system is
improved then the recall is reduced. This is because; there are retrieved relevant documents
among the whole relevant documents found in the corpus. Achieving both precision and recall
100% is ideal [4]. Several problems have been distinguished. First, to make appropriate
estimation of maximum recall for a query, it needs deep knowledge of all the documents in the
collection. Second, even if many situations consider the use of a single measure, which combines
both, recall and precision capture different aspects of the set of retrieved-documents. One of the
methods developed to alleviate the above recall and precision problems is the F-measure [4]. In
this research probabilistic model is used to enhance the performance of Amharic IR system by
increasing the precision without affecting the recall ability of the system. Thus, the F-measure is
used to measure the performance of the system since it balances the precision and recall values.

F-measure is a single measure that trades off precision versus recall. It is the weighted harmonic

mean of precision and recall expressed as follows [1]:

F (j)=2.P.RP+R.....cccc0uuses (2.29)

Where R= (rl, r2,....rll,...rn) and P=(p1,p2,....p11,...pn) are recall and precision at the g

document respectively. F-measure will be 0 when no relevant document is retrieved and 1 when
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all the first ranked documents are relevant. Moreover, the harmonic mean F assumes a high value
only when both recall and precision are high,

In summary, there are different methods in designing probabilistic based IR system. However,
the binary independent method is used to develop probabilistic based IR system for Amharic
language so as to enhance the performance of the IR and to alleviate the problem of uncertainty
exists in IR. To evaluate the performance of the method, the model is implemented and tested

using Amharic news articles,

2.9, The Ancharic Writing system and its Features

Ethiopia has several languages, which are spoken by different nations and nationalities. Among
the languages, Amharic or “A*ICHE" is the national language of Ethiopia until 1995, Following
the declaration of constitution of Ethiopian federal democratic government, it becomes the
working/official language. Because of its wide application, Amharic documents exist in both
hard copy and electronic forms. Since this research is conducted considering Ambharic
documents, it is important to investigate the potential features of the language that have the
capability of representing the contents of the documents that demands one to understand the

characteristics of the language.

2.9.1. History of Amharic Writing System

The origin of Amharic writing system traced back when Semitic scripts were flourished in the
Middle East before three thousand years ago [38], The North Semitic and South Semitic are
branched from Proto-West Semitic. The children in North Semitic branch are Hebrew, Arabic,
Greek, Roman and Cyrillic. The South Semitic side produces Ethiopic .via the Sabean system,
which is speculatively dated as emerging in the 11th and 10th centuries BC. The three Semitic
languages which are only found in Ethiopia and Eritrea are Geez or Ge'ez, Amharic and Tigrinya
which are used in a representation for Ethiopic system [38].

Geez play a significant role in the development and expansion of Amharic language and writing
system. Several religious texts, such as Bible, translations of Arabic Christian texts from Egypt
and literatures such as the “qine” (') and poems are all written in Geez. The emergence and
expansion of Geez inscriptions in the Ethiopic script traced back to the 20th century AD, when
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Geez was the language of the empire of Aksum North Ethiopia. Even if the use of geez is limited
to Orthodox Church, it is still a source for the coining of Ethiopian literary and technical terms
(38].

The Sabean script is attributed as the source of the Geez script, likewise, the Geez writing system
attributed as the source of Ambharic writing system. In the early age, Amharic has been the
language of the politically dominant ethnic group in Ethiopia and it is now used in every part of

the country.

The Amharic language alphabet consists of 33 basic characters having 7 different forms for cach
consonant vowel combination [38]. The basic character occurs in one form and the remaining six
different forms are building based on the basic characters having a little modification form. For

example, the seven orders of the consonants of 1 (hi) and Il (ze¢) expressed as follows;
v L  j ', v (1)
Hi  hu  hi hia  he h ho
| 15 . " I n "
Zi zu zi zi ze z 70

A consonantal system represents symbols separately as consonants and vowels, while the
syllabary writing system has individual signs for syllables (i.e. consonant +vowel combination).
There is a dispute as to whether or not the Ambharic writing system is a syllabary [38]. As further
noted in [38] scholars like bender (1968) and bender, et al.(1976) referred it as a syllabary, while
Sampson (1985) explicitly rules it out of the syllabary category with the argument that the
Amharic writing system has related symbols for phonologically similar syllables. Thus it could
be argued that Ethiopic to some extent resembles other Semitic scripts such as the Arabic and

Hebrew consonantal systems, which basically indicate consonants but, for teaching purposes,

ete, have developed optional diacritics to signify vowels[38].

Unlike the Arabic and Hebrew, the Amharic writing system is written from left to right. As

compared to English or Latin language writing system, the Amharic writing system has no upper
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and lower case latter variations and has no conventional cursive (i.e. written in a connected

letters )form [38].

When Ge'ez become the spoken and written language in common use in northern Ethiopia, it
took only 24 of the 29 sabaean symbols, modify most of them and add two new symbols to
represent sounds of Greek and Latin loanwords not found in Ge'ez [12]. The two extra symbols
are added to cope with two new sounds (/p/ as in ““I"” and /p’/as in ""&"", originally required for
use in ecclesiastical Greek and Latin borrowing and names (e.g. poulos, police) [39]. Amharic

inherited symbols from Ge’ez. It took all of the symbols and added eight new ones (“"7F", """,

cere e YR Uh, and M) that represent sounds not found in Ge'ez [12].

Considering all the 34 consonant symbols, there is considerable regularity of letter shapes, but
some orders are more regular than others, The shapes are most consistent in the 5" order (e.g. ‘bt
AP %% (P 4 having a ring on their right legs except 6l ), slightly less in the 3 (e.g. 1
A 9%% (F N, having a small hyphen like extension on the bottom of their right legs, except
4oand %), slightly less again in the 2" (e.g. U+, A, (v, 0 having a small hyphen like
extension on their right legs except ¢- 4+ and @.), still less in the 20" (e.g. AT AT LER R
N: 0E 87 BT 4 have their left leg shortened, on the other hand M @ has there two left legs
shortened. Others like # 2+ - ,2 7" have bow like legs) and even less in the ™ (cg. O VN
h 1" 10 2 have their right legs shortened, on the other hand ¢ and (M have their two right legs
shortened, others like P, A=, &, @, 4, ¢ have a ring somewhere on their base letter or have
some kind of modification like 9° and #’) and the 6" (e.g. AT 9°F N & i 1 PI 4
having completely distinctive & pattern less structure] order, with the greatest number of
patterns, [38]. Therefore the system is composed of largely unpredictable patterns. For example
the set of syllables with /g/ starts off regularly enough except the 20" <2, 6" ‘9" and 7" ¥’
orders. The /w/ set is even ambiguous having the 2" @ read as ‘wu’ and 6" ‘@’ read as ‘wi’
symbols highly alike. The system has regularity in writing which makes it easy for a person to
learn the language. For example the symbol << read as sO, and «\« read as ,she, have
relatively the same kind of structure as their accent. Therefore, a person experiences any
difficulty to learn a symbol, given that he/she knows the other (for some of the symbols). The

Amharic writing system has 34 basic characters and their seven orders given 238 distinct
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symbols. In addition, there are forty others that contain a special feature usually representing
labialization e.g. 4,1 A7 1o9 1201 W [12),

v Two dots (*:") called “0-AT YT, which is similar to a colon used 1o separate words,
however, nowadays the influence of foreign languages lead to the use of blank space
instead.

v Four dots (*:" ) called “Aé~T 1TN", which is used as full stop.

v Two dots with horizontal stroke line over them (“ 1) called "¥mA ALY which is used as
comma, .

v Two dots with horizontal stroke above and below them (1) called “£CAN AL, which
is used as semi-colon. The other punctuations are mostly borrowed symbols such as?, !,
I\, “ete.

Every language has its own way of representing numbers, despite the absence of representing
number zero (*0"), Amharic has also its own way of representing numbers. The Amharic
numbering system consists of twenty (20) single characters derived from Greek letters by
modifying the characters into Amharic character form. The symbols are modified by adding a
horizontal stroke above and below. The numbers consists of a single character for one to ten, for
multiples of ten (twenty to ninety), hundred and thousand [39). The Amharic writing system also
consists around 17 (seventy) punctuation marks. The most commonly used punctuation marks
are [39);

2.9.2. Ambiguities in Amharic Writing System

Amharic writing system adopted all the symbols in Ge'ez and added 8 other symbols and the
other 44 symbols. The result is that there is a considerable systemic redundancy of several
consonant sounds which lacks in the phonology of Ge'ez [38]. Ambiguities in Amharic Writing
system arise mainly due to symbol redundancy (12). Thus, 4 distinct sets of 7 can represent the
sound /N + vowel: (T ch? > T'R)2 sets represent /s/ AT 1) and 2/5'/ (RY 0)[8). A similar
problem is observed in usage of some letters interchangeably, such as P VS AT, Vet VS
“hand ©4" vs. <7 [12]. In addition to the symbolic redundancy of characters, Ambharic
writing system suffers slightly from visual similarity of different character, such as T and ¥,
7 and 7", % and ®, 7 and ™ [I12].
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' Canonical | Common Amharic ‘Possible but Impossible

Ambharic Ambharic

C4a9° hay" 0A" 1 KAy

0 Y A0 L 1AL AULTANL AL AN AL 00
| CIOMET09L1052 1000,

RN UAGIRA AL T RN DAMTIRA | NBA ALTNEA A

AT ILA DAYLINANT DA DALTULA | 72A0 T h A NANT WA
AN ULA AT A 00T A OAYLINEA 774 T NN
DAY LA /20T 22015 00 ZUALINEA AN NEA DAG
PANESEA DANTSLA 770 0 eA
PANTULA DANTULA 27241 WA
PANEREA DAL WG 274

~ Table 2.2 Spelling variants of the same word adopted from Alemayehu (2002)

Because of those symbols having the same accent in speaking, they can be used interchangeable
in the various words of Amharic language, thus, forming different forms of spelling for the same

word. The different forms of spelling variants of the same word are shown in table 2.1 above.

2.9.3. Challenges in Designing an Amharic IR System

Because of the different kinds of ambiguities in Amharic writing system, designing An IR
system based on Amharic text is challenging. The class of symbols with the same sound falls

into two [12]. The first class consists of symbols in the 1™ order and the 20™ order in a base
symbols having the same sound during reading: for example, ! and Y% i At ) and »i

AP 9 ihand 0

The other class is a group of different alphabets that share the same sound, which are ¥ and
10 and wih and 9 and & and 0. This makes words with the same meaning to have
different spelling structure. For instance, the same word ‘tsehay’ ‘0h®’ can be written
differently as K42 1092 1AhL etc [12]. Using these symbols interchangeably in words

doesn’t make reading, or forwarding ideas difficult for human beings. But unlike humans it is
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difficult for systems to consider them having the same meaning. Because IR systems only match
the symbols in words to check weather a word from a document has the same meaning as in the
query (i.e. if the words are a match then they are the same and have same meaning) encountering
the different interchangeable symbols in words forces it to consider them as different (i.e. the

system considers AU £ and 0Y €7 as different words with different meaning).

The other challenge Ambharic IR systems face is compound words. There is no convention as to
which words should be combined as one word or separately during writing. For example, the
word ‘metsedaja bet’” which means “'toilet room™ can possibly be written as @045
(without space) and @v08% N1+ (with space) and also the word ‘bete mengist’ which means
“palace’ can be written as (without space) a3 20l and e @3 101 (with space)

which makes it difficult for the IR system to differentiate between the two compound words [12].

A word with two or more different meanings is known as polysemic words. There are specific
combination of words in Amharic language which possess different meaning are called “4.A.F.
In Amharic language, polysemic words can be created by the combination of two words, which
gives it a different meaning than the obvious meaning of the word combination [40]. For
example is a combination ‘(P£ A of two words ‘I'®’ which means ‘abdomen’ and ‘Né’
which means ‘wide’. The obvious meaning is ‘one who have big abdomen’, but it can also be
used as ‘polite’. Therefore an Amharic IR system should differentiate between the various
meanings of the different word combination before retrieving documents for a query. A single
Amharic word can be a polysemous word, because of how it is read (i.e. stressing or not stressing
on a letter of a word). Such as the word 75, has two meaning. When the letter *(/ is stressed it
means ‘too early’, On the other hand. When ‘75" is read loosely it can mean *Christmas’. If the
IR system doesn’t understand the meaning of a word in terms of the way it is read, it becomes
difficult to capture the relevant document among the rest of non-relevant documents. Other
Ambharic words can also be understood as adjectives or nouns in different sentences. For example
in the sentence ‘AN AR ANA 9. (i.e the sentence in English *Abebe is just like a lion") the

word ‘ANA’ can mean ‘strong’ or *hero’. On another sentence (i.e. the sentence in English this

is a lion’) the word ‘A#1A" has its obvious meaning ‘animal lion” as a noun.
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These words can have associated with the culture of the people who uses the language. Things
the society is used, or engages in now, can give birth to a combination of words indicating new
meaning for the future. Other source can be the various kinds of language that are used with the
existing language that can and have the potential to come up with new meanings for an existing
word. And, even anthers can make up words have new meaning. Therefore there is no clear cut
where this process of creating new meaning for words, will or suppose to end, so as 10

“flourishment” of polysemous words.

Due to this situation it is difficult to design effective IR systems because of the polysemous
nature of Amharic language, unless expert records them every time when they face. But such
task is monotonous and need a lot of effort. Nonetheless, for existing polysemous terms, there is
a need of designing an algorithm that automatically analyzes and attach appropriate meaning to

them.

2.10. Review of Related Works
2.10.1. Global IR Research
2.10.1.1. Concept Based Query Expansion

According to Yonggang Qiu and H.P. Frei [41] Query expansion methods have been studied for
a long time - with debatable success in many instances. The paper present a probabilistic query
expansion model based on a similarity thesaurus which was constructed automatically. A
similarity thesaurus reflects domain knowledge about the particular collection from which it is
constructed. They address the two important issues with query expansion: the selection and the
weighting of additional search terms. In contrast o carlier methods, there queries are expanded
by adding those terms that are most similar to the concept of the query, rather than selecting
terms that are similar to the query terms. The experiments show that this kind of query expansion

results in a notable improvement in the retrieval effectiveness when measured using both recall-

precision and usefulness.

They used the three standard test collections by compared the retrieval effectiveness of their
automatic query expansion approach with the standard retrieval method using original queries
only. For the collections CACM and MED, after extracting all the words from the collections

and removing stop words, we used stemmed terms (o index both queries and documents.
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The results were evaluated by applying the average precision of a set of queries at three
representative recall points, namely 0.25, 0.50, and 0.75. In addition, the usefulness was
measured to compare the automatic query expansion method with the standard method using

original queries.
The main results of the study are summarized as:

|. The automatic query expansion method based on statistical co-ocgurrence data can result
in significant improvement in the retrieval effectiveness when measured using both
recall-precision and usefulness. Consistent performance improvement was achieved in
both automatically indexed test collections and a test collection indexed by carefully

chosen terms.

o

Since the quality of the similarity thesaurus created for a large collection seems 1o be
better than the one for a small collection, the retrieval effectiveness seems to increase
with the size of the collection. Likewise, the number of additional terms per query seems
to increase with the size of the collection too.

3. The methods that rely on relevance feedback information only select among the terms of
a few retrieved documents. In contrast, the method described selects additional search

terms out of the entire term set. Therefore, the number of additional search terms is

usually larger.

2.10.1.2. Towards more effective techniques for automatic query expansion

According to Claudio Carpineto and Giovanni Romano [42] Techniques for automatic query
expansion from top retrieved documents have recently shown promise for improving retrieval
effectiveness on large collections but there is still a lack of systematic evaluation and
comparative studies. This paper focus on term-scoring methods based on the differences
between the distribution of terms in (pseudo-)relevant documents and the distribution of terms in

all documents, seen as a complement or an alternative to more conventional techniques. They use

distributional methods to select expansion terms within Rocchio’s classical reweighting scheme;

the overall performance is not likely to improve. However, they also show that when the same

distributional methods are used to both select and weight expansion terms the retrieval

effectiveness may considerably improve. They then argue, based on their variation in
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performance on individual queries, that the set of ranked terms suggested by individual
distributional methods can be combined to further improve mean performance, by analogy with
ensembling classifiers. The performance of experiments shows that with automatic query
expansion it is possible to achieve performance gains as high as 21.34% over non-expanded

query

2.10.2. Local IR Research
Alemayehu’s work [12] which used thesaurus based query expansion methods to enhance the
system’s recall at the expense of its precision. The performance analysis shows that there is an
enhancement of recall from an average of 0.29% to 0.73%. On the other hand, because of the
tradeoff between recall and precision and because of polysemous query term existence, his
proposed system decreased the overall precision from 0.91% to 0.57% on average before and
after using query expansion. While there is a decline of precision because of the heterogencous
nature of the cluster enhancing recall of the retrieval system while decline the precision and
thesaurus terms have no related concepts with the query terms that are generated by the

automatic query expansion.

Abiy’s [6] has done semantic based query expansion for Amharic information retrieval; he tried
to enhance the system performance of precision but cannot match the recall level of the original
query. He used statistical co-occurrence, bi-gram methods and bi-gram thesaurus. In statistical
co-oceurrence method precision improved by 14% while refined query, bi-gram thesaurus has all
improved by 18%. Even though the above researcher tried to implcme;n different methods to
enhance the performance of the Amharic document retrieval by using query expansion but, still

there are problem of handling polysemous words in order to retrieve Amharic document.

The above two research were conducted on the query expansion area only still these researcher
ignore the importance of integrating query expansion with term re-weighting to overcome the
problem of retrieving relevant documents from Amharic corpus, but these is the main focus of
the present research, so the researcher apply a term re- weighting based approach that have a

paramount importance to enhance the performance of Ambharic document retrieval system by

integrating query expansion and term re-weighting.
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Chapter Three
3.1. Designing term re- weighting based query expansion model

Query expansion technology extends the original query by seeking for some terms or phrases
which are close or related to the initial query to express the user's query intention more precisely
[4]. Also this technology can remove the ambiguity of the user's query term and improve the
accuracy of search engines significantly. Query terms are used for document retrieval in
information retrieval systems. An IR system takes a string query, and retrieves documents based
on a certain similarity measurement technique. An IR system has two techniques to measure the
performance of the system i.e. precision and recall. As any other systems’ performance
measurement, it is difficult to score 100% on both precision and recall in the case of information
retrieval systems. But good systems are designed to enhance both precision and recall to the
possible limit. Thus the aim of this research is, to design a good system, which can enhance the

system performance.

This can be achieved by using two query reformulation techniques i.e. term re-weighting (based
on the user relevance judgment), i.e. modifying the terms weights) and query expansion method
(adding new terms that are attached to the retrieved documents found relevant). Integrating
query re-weighting with query expansion model with the system is the main objective of these
research, so that it finds words having similar meanings with users’ query and retrieves relevant

documents that satisfies users’ information need.

The main function of a term weighting is the enhancement of retrieval effectiveness. Effective
retrieval depends on two factors: one, item likely to be relevant to the user’s need must be
retrieved; two, items likely to be extraneous must be rejected. Two measures are normally used
to assess the ability of the system to retrieve the relevant and reject the non- relevant items of a

collection, known as recall and precision respectively.

Due to the promising prospect of query expansion technology, many researches have been done
on this topic in information retrieval. Rocchio [43] presented a query expansion method based on
Vector Space Model. The key of the method is mainly on query reformulation in order to make

the query closer to the terms in the relevant documents. Xu and Croft [44] proposed the local and
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global analysis method for query expansion. In this paper the author compared the retrieval
effectiveness of different query expansion techniques and shown that local analysis is more
effective than global analysis. Cui [45] presented a probabilistic model for query expansion by
mining the query logs. The idea of this method is to construct the probabilistic correlations
between query terms and document terms. Then the probabilistic com:-lmions can be used to
select high-quality expansion terms for the newly coming queries. Lin [46] presented a query
expansion method for document retrieval. The proposed method represented documents and
queries in Vector Space Model (VSM). The additional query terms were found by evaluating the
importance of relevant terms and the different weights were inferred through fuzzy rules.
Alemayehu [12] presented Application of Query Expansion for Amharic information retrieval
System. The key of this method is mainly use automatic query expansion to improve retrieval
effectiveness. Since thesaurus is used to query expansion. Abiy [6] presented Semantic Based
Query Expansion Technique for Amharic IR. The key of his method is using different query
expansion methods such as: bi-gram, bi-gram thesaurus and statistical co-occurrence to enhance

precision without affecting recall.

In this paper, we propose a term re- weighting based query expansion method based on re-
weighing terms in order to mine the additional query terms so as to enhance the system
performance. Then we re-weight the terms in the document set by calculating the similarity

between them.

In this research, a query with four or less words which are considered as short query, are used for
experimentation purpose. The system is tested for its tendency of depriving, the ambiguities of
short and polysemous word containing queries. Polysemous words are words having two or more
different meanings. Unlike humans, computers couldn’t understand the essence of a meaning.

This fact poses a constraint for IR systems’ performance (47].

3.2. Query Reformulation

Retrieved documents have a certain order as ranked according to their relevancy. But, there is no
guarantee that most of the top documents are relevant. Therefore, there must be other ordering
metric to get the most relevant documents at the top. If we can express a query in terms of

aspects which are terms of related ideas, then it is possible to put a new ordering metric in terms
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of aspects [4]. Aspects in this context mean a group of query terms. These aspects are made up of
two or more users query terms. Finally, the refined query made up of a couple of aspects is

redirected to the IR system, hoping to get relevant documents for the pseudo-relevance feedback.

Metric clustering technique is used to measure if two query terms are similar or dissimilar in
meaning. A brief discussion of how it works is discussed as follows. The basic idea of metric
clustering is co-occurrence, except this method compares similarity based on the number of
terms between two queries. The similarity is calculated by adding the inverses of the word count
in-between two morphological sets of words. Given a morphological set of Ay, Az, and Ay and
another set By, B, and By, where their steams are A and B respectively, and given a text Ay ¢ g

As ks By 14 26 Az ug By ts hy y7 g5 Bs, the similarity of A and B can be calculated as.

-

1 1 1 1 1 \
Sim(A, = + 4
im(A.B) =~ 51y ¥ 7(AL B2) | AL B3 @ A2,B1 A2,B2 A2,B3
1 1 1
+ - + ,
A3.B1  A3,B2 @ A3, B3
N 11 14
SiIM(A,.B) ==+ —+—+—+=—F—F=FC""=
5t2 Y74 % 1
Sim(A.B) = 3.3567821067821067821067821067821 e

The similarity value as can be seen is not between 0 and 1, which means that it is not normalized.
A normalization equation is given in [4]. A normalized metric cluster similarity is calculated by
dividing the un-normalized similarity by the multiplication of morphology magnitude of the two

term steams. The above un-normalized similarity can be calculated as:

sim(A.B)
Norm(sim(A,B)) = W((T)I— « |V(B)]
4 3.356782106782106782106782106782
Norm(sim(A4,B)) =
3«3
Norm(sim(A,B)) = 0.37297578964245630912297578964244 ....... (3.2)

Therefore 0.37 is the similarity of query term A and B. From the value gained in this process the

program then can decide whether A and B can be connected by AND or OR based on a given
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threshold. In this research the threshold 0.05 is set to be the margin for similarity and
dissimilarity through experimentation for this particular document corpus. According to the
prototype implemented for this research therefore, A and B are connected with OR in between as

long as 0.37 is above the threshold 0.05.

If two query terms does not have the same meaning as per the evaluation metric clustering, then
they are connected using AND, and they are connected with OR otherwise. Finally, the
refinement process ends by connecting all the aspects using OR operator, to give chances of
being selected, to documents having only one of the aspects. An IR system given such a query
retrieves documents having all the aspects at the top and documents having only one of the

aspects at the bottom.

Given query terms ql, q2,...qm and a certain constant x the procedure for analyzing a query in

terms of aspects is given in Algorithm 3.1.

For i=0to m do

for j=i to m do

if (1 !=) then

Compute similarity sim (qi,qj) using metric clustering
normalize Sim(qi,qj) using Equation 3.2.

if (sim(qi,qj) > X) then

add aspect (qi OR qj) to aspects

else

add aspect (qi AND qj) to aspects
separate each added aspect with OR.
return aspects .

Algorithm 3.1 Pseudo code for refining original query

The refinement process considers only the top k query terms. This is because, 100 many terms

increase the ambiguity of the query and also has an effect on the computational time. If the query

has less than k query terms, it considers all of them. Then, a pair of query terms is taken in 1o

account to calculate their similarity. After normalizing the similarity value, based on the result
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the system decides to form an aspect of two query terms connected with the logical operator OR
or AND.

The decision is made based on a clustering method called metric clustering. Metric clustering,
unlike other clustering methods like association clustering, considers the number of terms
between two terms for which similarity is needed [4]. The strategy of considering how much two

terms are apart for similarity measurements gives an advantage to be precise,
3.3. Query expansion

This research is a continuation of semantic based query expansion for Amharic IR used by [6].
This semantic based query expansion for Amharic IR is the base for the current research as it
was for [6]. This semantic based query expansion for Amharic IR doesn’t use term re-weighting
techniques. It only focused on three query expansion techniques like bi-gram, bi-gram thesaurus
and statistical co-occurrence. The main aim of this research is using the above query expansion
technique by integrating with term re-weighting in order to make the system complete and to

enhance the performance of the system.

46




Original
query

Query
refinement

) Refined
query

4

Reformulated
Query

Term selection

Query expansion

Query reformulation

Documen I
t corpus

~

IR system |

Re ranked

document

Pseudo

feedback

Relevance

Bi-gram thesaurus

Figure.3.1. the architectural view of query expansion for three techniques adopted by Abiy

bruck.

Abiy 6] Presented the query expansion technique i.e. bi-gram, statistical co-occurrence and bi-

gram thesaurus and their common processes such as

% Refining the original query

“* passing the refined query to the IR system and

“ forming the pseudo-relevance feedback
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But in his research the importance of term re-weighting is left. Here in the present research term
re-weighting is integrated with statistical co-occurrence, bi- gram and bi-gram thesaurus query
expansion techniques have a vital importance to enhance the system performance.

3.4. Term re- weighting based query expansion approach

In this research, we propose a term re- weighting based query expansion approach by integrating
term re-weighting with the query expansion techniques supplied by [6]. In this approach, the
users’ initial queries and the documents during the user relevance feedback are represented as
vectors respectively, and the similarity between them can be obtained by calculating the vector
similarity. Then we re-weight the terms through one single document and the entire document set
using Rocchio’s reweighting scheme respectively. Ricchio’s algorithm is based on the idea that if
the relevance for a query is known, an optimal query vector will maximize the average query-
document similarity for relevant documents, and will simultancously minimize query-document
similarity for non relevant documents, The final weight of the term can be obtained by the
combination of the above weights; finally the terms with larger weight will be selected as query
expansion terms and then fed to the three query expansion techniques for expansion.F ig.3.2, fig
3.3 and fig 3.4. Show how term re-weighting interacts with three proposed techniques, and the

whole query reformulation process.

In fig. 3.1 and fig. 3.2, fig. 3.3 and fig 3.4 the arrows are channels which one or a group of terms

pass through. The two three angles are gates that works differently for different techniques.

The statistical co-occurrence and the bi-gram methods share the following processes.

“* Refining the original query

“ passing the refined query to the IR system and
% forming the pseudo-relevance feedback

% Term selection

“* Term re-weighting and finally

< Query expansion

Using the pseudo-relevance feedback users’ query is refined. This refinement process is used

again in the case of the bi-gram and bi-gram thesaurus methods. On the ather hand statistical co-
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occurrence method doesn’t need to use the refinement process. That is because, it already
selected common expanding terms as a solution for polysemous terms problem. Unlike the other
two methods, the bi-gram thesaurus doesn’t use the pseudo-relevance feedback. It rather uses a

pre-built thesaurus based on the underlining theory used for the bi-gram method [6].

The bi-gram method and bi-gram thesaurus can’t select expansion terms for the whole query
rather they generate expanding terms for each query term. This is because in these techniques it

is most unlikely to find many common terms.

In this research, the three query expansion techniques that are used by [6] is evaluated and how
these three techniques accept query terms from the term re- weighting techniques and from the

pre build thesaurus are discussed.
J.4.1. Statistical co-occurrence method (technique 1)

Statistical co-occurrence method accepts best weighted query terms from the term re-weighting
techniques; the query expansion task is carried out based on the refined document set, For
relevance feedback the first k out of the refined documents are selected based on the weight of
the terms. That is because; it is assumed that query refinement process ought to populate more
relevant documents at the top retrieved documents set. Hence these best weighted k documents
are responsible for generating the expansion words. To overcome the polysemous characteristics
of query terms, expansion terms are selected by its weight which represent every query terms.
This is done by selecting those frequent terms which appear in every expansion terms set of

every query term.
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Figure 3.2 The architectural view of term re-weighting with Statistical co-occurrence

| The set of top 10 documents retrieved using the refined query is the pseudo relevance feedback
for statistical co-occurrence method. These 10 relevant retrieved documents are indexed in a
separate inverted index to extract expansion terms easily. This index is over written every time a

query is given to the system. That is because; different relevant documents are retrieved for each



3.4.2. Bi-gram (technique 2)

The idea behind the Bi-gram model is guessing a word coming after N~1 words. Guessing the
next word or word prediction is an essential subtask of speech recognition, hand-writing

recognition, augmentative communication for the disabled, and spelling error detection [6].

N-gram uses probability coefficient to predict which word is appropriate to come after a given
N—-1 word sequence. Unlike the statistical co-occurrence method, the idea of selecting common
expanding terms for the whole query doesn’t hold true for this technique. That is because it is
unusual to find two query terms apart with a single term in the middle which that term in the
middle is the only term which can be considered as a common expansion term. Therefore top
expansion terms for each query term in equal amount are taken as a total expansion terms for the
whole query. Therefore, if k amount of terms are needed for expansion and n amount of query

terms are given, k/n amount of terms are taken from each query term expansion terms.
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Figure 3.3 The architectural view of term re-weighting with bi-gram techniques

Given |qi... query terms and documents |, 2... as pseudo-relevance feedback,

Z

Algorithm 3.3. Shows how Bi-gram based expansion terms selection works.

| accept(q...qn, Dy...Dy)

Ifor i=0to ndo

for j=0 to m do

top = Select(q;,Dj) using 2 11
final = Add(Top)

return final

Algorithm 3.3 Pseudo code for Bi-gram based expansion terms selection
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The function (gi,) in Algorithm 3.3 selects top k/n terms to be added in the final total expansion
terms. Expansion terms are selected by checking if they exist to the left or right of a query term
among the top documents from the pseudo-relevance feedback. T'op is a variable which holds the
selected k/n terms for each query term. Then this top k expansion terms are returned for
retrieving the re-ranked document collection using the Bi-gram model. Unlike the statistical co-
occurrence method though, this method doesn’t reformulate queries using common expansion
terms. Finally equal amount of k/n expansion terms are selected independently from each query

term’s expansion term collection and the reformulation process ends,
3.4.3. Bi-gram Thesaurus (technique 3)

This method is technically similar with technique 2, it doesn’t generate expansion terms in run
time rather it just retrieves them from a pre-built thesaurus. The thesaurus is built by retrieving
documents by searching each index term and then by taking the right and left terms next to the
searched index term found in each document. Like the bi-gram method this technique also
retrieves k amount of expansion terms. Finally top k/n amount of index terms are regarded as

final expansion terms for the whole query, where n is the number of query terms.
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For i=0 to n do

For j=0 to m do

IFqli]=t[j]

Top = k/n expansion terms from thesaurus

Return Top

Algorithm 3.4 A Pseudo code for Bi-gram thesaurus based query expansion

Given query terms 1, 2... and thesaurus terms 1, 2... Algorithm 3.4 shows an algorithm

for Bi-gram thesaurus based query expansion.

As in bi-gram method is a variable to hold every / amount of expansion terms for cach
query term. Expansion terms are automatically added on variable whenever a query term

¢quates a thesaurus term. The final step is returning the expansion terms for refinement.
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Chapter Four

4.1. Experimentation

This research attempts to design a term re- weighting based query expansion approach to control
polysemous words that affects the performance of an IR system. Term re-weighting is integrated
to the query expansion system developed by [6]. In order to achieve the objectives of the
research term re-weighting is integrated with three different query expansion methods | ¢ ;
statistical co-occurrence, bi-gram and bi-gram thesaurus based query expansion techniques. The
experimentation phase holds implementation, testing and discussion of the challenges and
findings that are recorded for each proposed techniques. Data preparation and selection, testing
procedure through empirical testing and threshold selection are discussed in this chapter.

A prototype has been built using Java NetBeans based on the architectural view shown on Figure
4.1. A screen shot of the prototype is shown on Figure 4.1,
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Figure 4.1 A screen shot of the prototype built for term re-weighting with the three
Proposed techniques



=T

4.2. Dataset preparation

The experiment is carried out on the Amharic Bible Old Testament taken as a document corpus.
[t contains 21,000 stemmed terms and 930 documents. Since a system centered testing procedure

is carried out, test reference collection is prepared for the test queries. Twelve queries with

polysemous terms are formulated for testing,
4.3. Term re-weighting methods

In this approach, the users’ initial queries and the documents during the user relevance feedback
are represented as vectors respectively, and the similarity between them can be obtained by
calculating the vector similarity. Then we re-weight the terms through one single document and
the entire document set using Rocchio’s re-weighting scheme respectively. Ricchio's algorithm is
based on the idea that if the relevance for a query is known, an optimal query vector will
maximize the average query-document similarity for relevant documents, and will
simultaneously minimize query-document similarity for non relevant documents. Ricchio's
Algorithm is to iteratively increase the weights of those terms contained in labeled relevant
documents while penalizing the terms in the irrelevant documents, The final weight of the term
can be obtained by the combination of the above weights; finally the terms with larger weight
will be selected as query expansion terms and then fed to the query expansion techniques for
expansion,

for(inti=0:i< len; i++){
allTerms|[i].setWei ghtExpansion(all Terms[i]. getWeightExpansion()/normaliser);
expandedTerm[i].normalisedFrequency= terms[i].get WeightExpansion()/normaliser;
if ('QEModel. PARAMETER _FREE){
allTerms][i].setWei ghtExpansion(all Terms[i].get WeightExpansion()).
normalisedFrequency *= QEModel. ROCCHIO_BETA;

-
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Algorithm 4.1 shows a java written code for calculating the weight for each query term

This method implements the functionality of assigning expansion weights to the terms in the top-
retrieved documents, and returns the most informative terms among them. Query Expansion is
used, if the number of expanded terms is set to 0. In this case, no new query terms are added to
the query, only the existing ones re-weighted. The number of terms 10 extract from the top-
retrieved documents is set if this parameter is set to 0, If the parameter is greater than 0 it assign

weight to terms that are stored in expansion term used for query expansion,

4.4. Query refinement

The query refinement process is implemented to make the pseudo-relevance feedback as good as
possible. Users are not satisfied in separating their query terms using ORs and ANDs and thus an
automatic way of clustering query terms is necessary [6]. Query terms separated in these logical
operators contribute to broaden the information domain which the user intended. This process

delivers a query with terms separated in logical operators.

The implementation of this process first should have a way to select query terms in a manner that
any of the terms are not combined again (i.e. (q1 AND g2) and (q2 AND ql) must not be present
in the refined query at the same time. This is because computational time and operational cost of

the system can be wasted if the same kind of aspect is formulated twice.

Algorithm 4.2 shows the way java written program handles separating two query terms without

repeating the combination.

W’r(int i=0; i < queryTerms.length; i++) “
l for(int j=i; j < queryTerms.length; j++)

|

- if(i 1= j) //checking out the two query terms are not the same |

String[} booleanResult = ResultReturner.foundDocsReturner(query Terms| i,

queryTerms([j]);
| //Boolean result is documents in which query terms i and j exist.

L, .
Algorithm 4.2 Separating query terms and combining them back in pairs

The other task is to decide whether the combined query terms connect by AND or by OR. It the

. ) .
WO query terms have same meaning then they connect by the logical operator OR, because one
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of the terms can represent the meanings of both query terms. And if the two query terms have
different meaning they connect using AND, because neither of them can represent the meaning

of both query terms.

Algorithm 4.3 shows how a java written program handles the metric clustering algorithm to

calculate similarity between pairs of query terms.

for(int x=0; x<booleanResult.length; x++)
int[] termlPosition = TermPositionReturner(booleanResult[x],query Terms[i]):
int[] term2Position = TermPositionReturner(booleanResult[x),query Terms|j]);
for(int z=0; z<term1Position.length; z++)
for(int y=0; y<term2Position.length; y++)
if(term1Position[z] > term2Position[y])
similarity = similarity + (term1Position|[z] - term2Position[y]): .
else
double devidend = ((term2Position[y] - term | Position|z])/5);
similarity = similarity + (1/devidend):;//metric similarity calculation
similarity = similarity/(term 1 Position.length * term2Position.length);

return similarity;

Algorithm 4.3 Metric clustering similarity calculation and normalization

Algorithm 4.4 shows how a java written program handles the decision that two query terms

should be connected using the logical operator OR or AND.

if (similarity > 0.05)
newQuery = queryTerms[i] + " OR " + queryTerms[j]

else

newConstructedQuery = queryTerms[i] + " AND "+ query Terms|j]

return newConstructedQuery:

Algorithm .4.4 Combining query terms with logical operator OR or AND.

59



Using refined query

Query
REL RET RETREL R P ¥
w6 DGy R | 18 6 6 0.33 1.0 0.5
ATe mar 26 9 9 0.35 [ (0.5
APe ALCT Ama- | 69 130 14 0.20 011 lo0.14
ML arbAd. | 10 14 10 1.0 0.71 o83
w6 N0y A | 18 6 6 0.33 1.0 0.5
i NN ANA 69 8 7 0.10 0.88 0.18
18 ACLY 1Y 69 97 33 0.48 034  [0.40
5 WG P 0e2F | 140 [ 223 80 0.57 0.36 044
Am CF0A hde 10 32 7 0.7 0.21 032
hools oo [ 326 | S 5 0.02 1.0 0.03
hovgs hG 9P AND | 35 5 5 0.17 11.0 1029
e aar 69 10 10 0.14 1.0 025
Avg. 0.37 0.71 0.54

I'he system performance using the refined testing queries is presented on Table 4.1.

Table 4.1 Systems performance using refined query

Ihe refined query or new constructed query is then fed to the original IR system after terms are

re-weighted to retrieve refined documents. Finally these refined documents are compared with

those documents retrieved using the original query,

the pseudo-relevance feedback.

4.5. Statistical co-occurrence method

Fhis method generates synonymous expanding terms for a query t

oceurrence information. It analyzes the presence of a term with ano

they have same or different meaning [6].
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On expansion terms selection, co-occurrence frequency values of terms with the query term are
analyzed, among the refined retrieved document set index. These found expansion terms for each
query term is then saved separately, so that common terms found in all of the query terms can be
extracted. Algorithm 4.5 shows a java written code for expanding term selection for each query

erms.

for(int i=0; i<termsToSeIectFromArray.lcngth; i++)
if(!termsToSelectFromArray[i].isEmpty())

int docCount = hitCount(queryTerm + " AND " + terms ToSelectFromArray[i]); /
if(docCount >= 1)

expandingTerms = expandingTerms + termsToSelectFromArray[i] + "-" + docCount

return expandingTerms. J

Algorithm 4.5 Statistical co-occurrence based query expansion__

In the above java code terms are ordered in descending order based on the frequency of query
terms. The final task is to select those terms which are common for the whole query in order to
eliminate polysemious terms ambiguity characteristics. Algorithm 4.6 shows how a java written

code selects common expansion terms.
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This sample code shows how common expanding terms are selected for the w hole query

the prepared expanding terms by the code shown on Algorithm 4.6,

~ for(int i=0; i<queryTermsArray.length; i++)

StringBuffer read] = new StringBuffer():

readl = read("C:/meanings/" + smallSizeQueryTerm +" txt");
String[] sentence = rade.toString().split(" ");

for(int t=0; t<queryTermsArray.length; t++)
if(fcommonTerms.equals(""))

sentence = commonTerms.split(" ");

commonTerms ="";
if(!queryTermsArray[t].equals(smallSizeQueryTerm))
StringBuffer read2 = new StringBuffer();

read2 = read("C:/meanings/" + queryTermsArray[t] +".txt");
String[] sentence = read2.toString().split(" ");

for(int j=0; j<sentence.length; j++)
if(sentence2.contains(sentence[j]))

commonerms = commonTerms + " " + sentence[j]:

return commonTerms;

File x = new File("C:/meanings/" + queryTermsArray[i] + ".txt");

among

Algorithm 4.6 Common expansion terms selection for statistical co-occurrence technique
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System centric testing is carried out to evaluate the statistical co-occurrence technique's

performance. The statistical co-oceurrence’s performance is recorded in terms of recall, precision

and f-measure as shown on Table 4.2.

Using statistical co-occurrence methods

Query R P ¥
REL |RET |RETREL |
av PR NG TR 13 18 339 0.04 0.72 0.07
ATE Amar 25 26 303 0.08251 0.96 0.16
A9 ALCT Amer | 23 69 486 0.04 033  [008 |
ML A TPAG. 10 10 14 0.71 1.0 0.83 |
Ew:? R EEE 18 339 0.03 0.72 007
W N ann 34 |69 81 0.41 0.49 s |
ﬁu. acev vy 99 69 415 0.23 0.43 040 ]‘
PG AG P 0e®T [129 | 140 683 0.19 0.92 0.31 II
r' Am PF0A had 7 10 28 0.25 0.7 __4.?'3_{) : ]‘
how - daom 219 | 326 258 0.84 0.67 0.75 |
Chef G Wb and | 28 | 35 66 0.42 0.8 0.55 B
ma) 46 |69 123 037 0.66 0.48 |
Ave 030 0.70 050

Table 4.2 Statistical co-occurrence’s performance

4.6. Bi-gram based query expansion

The bi-gram based query expansion, as the statistical co

-occurrence method, uses the index terms
this method

co-occurrence information. But unlike the statistical co-occurrence method,

considers those terms which appear just side by side to the query te

example in a text “A B C” where A B and C are terms let us say B is the qu
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C are taken as expansion terms according to this technique. The name bi-gram is given to this
method because it only considers a query term and its immediate successor or predecessor (6]

This method is used for various other purposes mentioned on chapter three [6).

Bi-gram is implemented in this research with slightly different approach; by letting it to consider
a query terms immediate predecessor also. From its implementation, an assumption arises which

states that a query terms immediate predecessor and successor can be a good expansion term

This method is again slightly similar with a statistical co-occurrence method because both uses
the pseudo-relevance feedback to select expansion terms for each query term. It is also slightly
different from statistical co-occurrence method, because this method doesn't extract common
terms for the whole query. The java written code for the bi-gram based query expansion

technique is seen in algorithm 4.7,

for(int t=0; t<queryTerms.length; t++)
i(!queryTerms[t].equals(firstQueryTerm))

expandingTerms = expandingTerms + "===",
finalExpandingTerms = "";

String tempExpandingTerms = getExpansion Terms(query Terms|t], doc):

String[] expandingTermsArray = tempExpanding Terms.split(" *);

for(int j=0; j<expandingTermsArray.length; j++)

double probability = getProbability(expandingTermsArray[j]tempExpanding Terms).
if(pmbabilily >0.0)

if(!finalExpanding Terms.contains(expanding TermsArray[j])

finalExpandingTerms = finalExpandingTerms + expandingTermsArray(j] + *" + probability =
String orderedExpandingTerms = order(finalExpandingTerms);

expandingTerms = expandingTerms + orderedExpandingTerms * "

return expandingTerms; | R

 Algorithm 4.7 Expanding term selections using the bi-gram method




This code takes the query and the pseudo-relevance feedback and returns expanding terms for
cach query term based on the weight of terms. Fach query term has its own collection of
expanding terms ordered in descending probability values. This probability is calculated by
considering the probability of finding an expanding term preceding or succeeding a given query
term among documents from the relevance feedback [6].

The expansion terms found are finally organized and put in to the refined query to generate the
reformulated query. For example if a query is given as “A B C” and if "al,a2,a3"."b] b2 b3"
and "cl,c2,c3" are the expansion terms for A B and € respectively, and if the refined query is
given as (A OR B) OR (A AND C) OR (A AND (), the reformulated query looks like (A al a 2
a3 OR B b1 b2b3) OR (Aal a2 a3 AND C ¢l ¢2¢3) OR (Aal a2 a3 AND C ¢l ¢2 c3).

A java written code to generate the final reformulated query, integrated with the refined one is

given in Algorithm 4.8.

[

\} String([] separation] = expansionTerms.split("===");

! int noOfTermsToSelect = 20/separation].length + 1;
for(int i=0; i<separation1.length; i++){
finalExpansionTerms = "";

String[] separation2 = separation I [i].split("==="):
if(!separation2[1].contentEquals(" ")){

String[] termsToSelectFrom = separation2[1].split(" ");

for(int j=0; j<noOfTermsToSelect; j++){

finalExpansionTerms = finalExpansionTerms + termsToSelectFrom([j] + " ™
String[] finalExpansionTermsArray = finalExpansionTerms.split(" ")
tempReformulatedQuery =
finalExpansionTerms);

return tempReformulatedQuery;

“Algorithm 4.8 Reformulation of expanded query using the bi-gram method

65

tempReformulatedQuery.replace(finalExpansion TermsArray[ 1],



System centric testing is carried out after integrating with term re-weighting to evaluate the bi-

gram method’s performance. The bi-gram methods performance is recorded in terms of recall,
precision and f-measure as shown on Table 4.3,

-
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Using bi-gram method
REL | RET |RETREL R P ¥
Lo Ny R |18 |6 6 0.33 1.0 0.5
AP Amar 26 |9 9 0.35 1.0 1051
Lm«{: ALCT amar [ 69 | 130 14 0.20 0.10 0.14
COERAYT WA, 10 |14 10 1.0 0.71 083
P emd 0k |18 |6 6 0.33 1.0 0.5
R N0 AN 69 |8 7 0.10 0875  [018
I ACEY 1Y 69 |97 33 0.48 0.34 0.39
P AS P heoT | 140 | 223 80 0.57 0.36 0.44
O PA had 10 |32 7 0.7 021 0.32
heorT Fheom 326 |8 5 0.02 10 0.03
R Y T ERE 5 0.17 10 ‘o.fo‘
69 |10 10 0.14 1.0 1025
Avg. 0.37 0.72 0.55

Table 4.3 Systems performance using bi-gram method

3.7. Bi-gram Thesaurus based query expansion

This technique is based on the bi-gram method. The fact that this method doesn’t use pseudo-
relevance feedback makes it automatic global analysis method than local analysis. That is
because it searches each index term and analyzes all the top retrieved documents to generate
expansion terms, and save them in a separate thesaurus file for that pl’!i.cullr index term [6). It



also appears to be similar with the bi-gram based expansion method because both use the refined
query to deliver the final reformulated query. .

In a bi- gram thesaurus there is no need of searching with the refined query to get a pseudo-
relevance feedback rather it just retrieve them from a pre-built thesaurus. The java written code

for reformulating a query based on a bi-gram thesaurus is shown as follows in algorithm 4.9.

for(int i=0; i<queryTerms.length; i++)

String file = getDoc(doeDir,query Terms[i]);
if(!file.equals("null"))

FileInputStream finn = new FilelnputStream(new File(file));
InputStreamReader readd = new InputStreamReader(finn, "utf-8");
BufferedReader rdd = new BufferedReader(readd);

String linel;

StringBuffer sb1 = new StringBuffer();

while ((linel = rdd.readLine()) != null)

sbl.append(linel);

rdd.close();

String sentencel = sb1.toString();
if(!sentencel.contentEquals("null") && !sentence |.contentEquals(“--"))
String[] temp1 = sentence l.split("---");
System.out.print(query Terms][i]);

String[] temp2 = temp1[1].split(" ");
if(temp2.length >= noOfTerms)

for(int j=0; j<noOfTerms; j++)
expansionTerms = expansionTerms + temp2[j] + " ™

else

for(int j=0; j<temp2.length; j++)

expansionTerms = expansionTerms + temp2[j] + * "
refinedQuery = refinedQuery.replace(queryTermsfil, queryTerms[i] + * " + expansionTerms);

return refinedQuery; g
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Algorithm 4.9 Bi-gram thesaurus based query expansion

The code shown on Algorithm 4.9 returns the reformulated qQuery and also refines the expanded
query in the manner the first refinement process is done on the original query. Finally the
reformulated and refined query is redirected for further searching.

Testing is carried out after integrating with term re-weighting to evaluate the bi-gram thesaurus
method’s performance. The bi-gram thesaurus methods performance is recorded in terms of

recall, precision and f-measure as shown on Table 4.4,

J Query

| —

WP Ama

b

COLALAYY W EPAG.

oy N AN

—_—

W OCLeY v

D 0A W

w1 e,

LA paar

Using the bi-gram thesaurus j

REL RET | RETREL R P ¥ j

wPE 0y k|18 |6 6 0.33 10 0os ]
% |9 9 034 10 g

h«v’qt ALCT hmar 69 6 I 0.01 0.16 0.02 J
0 |14 10 10 071 7 . p—

R T S AT 6 033 10 0. }
69 0.10 0.87 0.18 |

69 |97 3 0.47 0.34 0.39 .'

HG NG D DB 140|206 |63 045 0.30 0.36 ,
10 32 0.70 0.21 0.32 '

326 |9 9 0.02 1.0 0.08 1

@ hG wd aan |35 |8 0.17 110 0.29 ]
69 10 10 0.14 1.0 0.25 11

! Avg 0.34 on 052

Table 4.4 Systems performance using the bi-gram thesaurus



4.8. Testing

For testing, system oriented approach has been followed. That means a pre defined relevant
documents as per the researcher is prepared before engaging the lechniqucs for retrioval. For
testing twelve queries, each having a polysemous term, are used. These queries are categorized
as casy, average and tough. The proposed techniques are tested with the whole of the document
corpus. First compiled performance presentation of the proposed techniques is presented,

followed by comparisons with the original systems performance. Finally the best performer
among the proposed techniques is selected.

Average precision, recall and F-measure results of the proposed techniques are compiled along
with the original and refined query performances on Table 4.5

_fablc 4.5 Compiled average recall, precision and f-measure for proposed techniques

Before integrating term re-weighting with the three query expansion techniques the system
enhance the average precision by 14% for statistical co-occurrence methods and the other two
methods both augmented it by 18% but, the recall level of the original query [6]. After
Integrating term re-weighting with the three techniques the precision leYtI becomes augmented
by 31% for statistical co-occurrence method and 33% and 32% for bi-gram and bi-gram
thesaurus methods respectively. In terms of f-measure the bi-gram method outperformed by

Improving it in total of 2% when compared to original query.

|

Average Average
Recall Precision Average F-measure
‘[ ()}igiinaliql}cry 0.83 0.39 0.53 Before
chﬁincd query 0.36 0.71 0.54 expansion |
Statistical co-occurrence | 0.30 0.70 0.50 i
" The Bi-gram method 0.37 0.72 0.55 After
msaurus 0.34 0.71 0.52 expansion |




In order to achieve the most optimal result, fixed thresholds for the number of expanding terms
has been set. For statistical co-occurrence, bi-gram and bi-gram thesaurus, 8, 13, and 9 numbers
of expanding terms has been found to be optimal respectively. Note that, all of these expanding
terms have been selected from the most frequently co-occurring terms. It has also been tested
using rarely co-occurring terms and results showed that such expanding terms are good for
improving precision, but they are poor on their recall level. In addition it is tested using both
frequently and rarely co-occurring expanding terms, but results were not satisfactory as that of
expanding a query using only frequently co-oceurring terms. )

Figure 4.2 Interpolated graph for performances of the three methods

Figure 4.2 shows the graphical representation of the three proposed techniques performance on a
recall precision graph. The technique used to build the graph has been adopted from [4]. First the
precision of each technique tested on each query for 11 recall levels is recorded. Then by taking

the average of the precision at each recall level, such a graph has been presented.

and
As can be seen from the graph the bi-gram method out performs bi-gram thesaurus methods -
i
statistical co-occurrence methods. All techniques demote the recall of’me system but,

recorded a good precision for the top retrieved documents




4.9. Discussion

In this research, the proposed methods are tested using different sizes corpus. This is necessan)
to find out in what kind of size a method performs well. Unfortunately when the sizes of the
corpus used is small in size, not only the performance weakens but also the baskc undortying idca
of expanding a query gets into jeopardy. For example testing the systom using a small size
document corpus, it becomes difficult for the statistical co-occurrence method 1o gencrate
common expanding terms. This is because; the document corpus is 100 small 1o retum common
query terms. This in turn affects the basic hypothesis which states that, common terms can
overcome the problem caused by polysemous terms. As [6] mentioned, the results In word
prediction for tasks such as, hand-writing augmentation and spelling error detection becomes
weak, if the document corpus needed for the task is small in size. Therefore in this research, not
able to find a big size document corpus is seen as a challenge.

The major challenges for this research are query terms may not exist in the document corpus |
the corpus is small in size. This situation makes it difficult to find pseudo-relevance feedback in
the first place. Because the original query may not be available in the index, 1o retrieve

documents,

Another challenge faced comes from the anomalies caused by the stemmer. The stemmer
implemented for the system may consider one steamed term for two different terms. For example
a stemmed term “hA®" is given for terms “hAS" and “MA$" which have meanings “boss™ and
“finished” respectively. Another example is a word “#%", which is given as a steam for “#7" and
“P4”, which have meanings “day light" and “genial” respectively. This situation in tum distorts
the whole word co-occurrence information, guiding the IR system in a falsified direction 1o

retrieve documents.

The stemming algorithm again may give different stemmed terms for one term which makes the
statistical information for that term poor. Therefore, such errors subject & system 1o consder
morphologically different but same in meaning, to have different meanings. The consoquence i
that, more false positives and false negatives populate among the true positives among retrieved

document,

n




Polysemous query terms guide an IR system towards retrieving documents, which are not related
to the query in a meaning a user intended, This is basically the problem that initiated this
research, and approaches have been introduced as a solution. By treating each query term as

polysemous, the proposed method intends to find common expansion terms for the whole query

In order to avoid this problem other experiments have been done. Then it might retrieve
documents having all the meaning a user intended, but as the same time it might lowers the recall
level and enhances the precision. Results have been recorded for such reformulated query, to
have 100% for precision and 0.01% or lower for the recall level. This happens because, finding
documents having all the terms is difficult, and even if they are found they are considerably less

in number than all of the relevant documents in the corpus.

For expanding terms not to be polysemous, the original users query terms were taken as a
guarantee to seek the intended meaning and vice versa. But results clearly showed that, both
original users query terms and expanding terms can appear in different contexts, conveying
completely different meanings. Therefore, there is a need for IR systems to adopt an approach to

check weather expanding terms are polysemous or not.
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Chapter Five
5. Conclusion and Recommendation

5.1. Conclusion

In this paper, we have proposed a method for query expansion by m-we'ighling the terms. With
the help of this approach we can extract query expansion terms from the entire document set
The proposed query expansion method uses the vector space model to represent documents and
queries. The difference is that optimized documents are added to the identified documents and
we assign different weights to them. And the final weights of the terms can be obtained and

sorted. The terms with higher weight will be chosen as the query expansion terms.

For query expansion, three techniques are integrated with term re-weighting and explored. The
statistical co-occurrence technique, which selects expansion terms from the pseudo relevance
feedback by analyzing terms co-occurrence information with query terms. The bi-gram technique
which also uses the pseudo relevance feedback for expansion, selects those terms which appear
to the right or left of a query term. Finally the bi-gram thesaurus technique unlike the other two
uses a pre-built thesaurus to select expansion terms, Though the underlining theory of the bi-
gram thesaurus is similar with the bi-gram method, unlike the other methods it uses the whole of

the document corpus to select expanding terms and thus it is global context analysis.

Experiments are done to explore the extent to which these techniques improve precision of the
system. The results show that the bi-gram method outperformed in terms of F-measure by 2%. It
has also been observed that all of the techniques improved the precision of the original system
considerably. Statistical co-occurrence method augmented the precision by 31%, bi-gram
methods augmented the precision by 33% and bi- gram thesaurus methods augmented by 32%.
Even though the bi-gram method scored high in terms of F-measure, all techniques showed
weak performance in terms of recall. It is finally concluded that the bi-gram method is the better
one in augmenting the precision and F-measure of the system.

term re- weighting based query

1o reduce the problem of polysemeous query terms we apply
expansion approach by integrating term re-weighting with the three proposed query expansion
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methods. However sometimes terms used for expanding query terms are polysemeous

themselves with many meanings in different context.

5.2. Recommendations

As a continuation from this research, the following are future research directions to help the

development of an IR system for local Ethiopian languages in general and Amharic language in

particular.

*
0.0

The present research attempts to improve the performance of Amharic IR system by
integrating term re-weighting with query expansion. But Amharic terms that are used for
cxpansion are polysemous themselves, creating the problem of retrieving irrelevant
documents that affect the performance of the IR system. Future research may consider
designing ontology-based query expansion technique to control polysemous terms in one
way or another.

Although the findings of this research seem to be fairly satisfactory, lack of effective
Ambharic stemmer is a major constraint on results of the system. Therefore it is
recommended that future researches have to be carried out with the aim of designing o

generic stemming algorithm for Amharic language.

Finding a standard corpus and test queries with relevance judgment for testing the
designed system is one of the challenges faced in this research. Theretore, Tuture rescarch
need to consider the development of standard Amharic corpus that can be used by

researcher to evaluate progress made in designing Amharic IR system.

In this research, common expanding terms are selected, just by checking their exisience
in users query term’s expanding terms set. This means that, a term can be either common
to the whole query or not. Here, it is suggested to use fuzzy logic, to determine the extent

to which a term can be common or not.

In this research, terms are calculated using Rocchio’s term re-weighting scheme. It could

be better to check probabilistic term re-weighting methods in order to enhance both the

precision and recall of the system.
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APPENDICES

Appendix I: Relevance judgment used
148 ATY 1
o ol [ B et L o
£ g na__| dnar LA ttown | hemd 1A | ned eae
Doc--1Chronicles_O1.txt | non relevant | non relevant | non relevant | non relevant non relevant | non relevant | non relevant
Doc--1Chronicles_02.txt | non relevant | non relevant | non relevant | non relevant |_non relevant | non relevant | non relevant
Doc--1Chronicles_03.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | relevant
Doc--1Chronicles_04.txt | non relevant | non relevant | relevant MT-M:WM relevant Non relevant noﬂ ;o;oum
Doc--1Chronicles_05.txt | non relevant | non relevant | relevant non relevant | relevant non relevant nooitwu; :
Doc--1Chronicles_06.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non ;;;;;m ]
 Doc--1Chronicles_07.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
_Doc-1Chronicles_08.txt_| non relevant | non relevant | non relevant | non relevant | non relevant | non relevant uoomvom
Doc--1Chronicles_09.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant ;\on relevant
Doc--1Chronicles_10.txt | non relevant | Relevant non relevant | non relevant | relevant non relevant | non relevant
Doc--1Chronicles_11.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | relevant
Doc--1Chronicles_12.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
. Doc--1Chronicles_13.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--1Chronicles_14.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | relevant
Doc--1Chronicles_15.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Chronicles_16.txt | non relevant | non relevant | non relevant | non relevant | non relevant | relevant non relevant
| Doc--1Chronicles_17.txt | non relevant | non relevant | non relevant | non relevant | releyant non relevant | non relevant |
 Doc--1Chronicles_18.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Chronicles_19.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--1Chronicles_20.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant 7
Doc--1Chronicles_21.txt | non relevant | Relevant non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Chronicles 22.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
| Doc--1Chronicles_23.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant 1
 Doc--1Chronicles_24.txt | non relevant | non relevant | non relevant | non relevant | non Jipyert | 0on rpipvent | aon refevent 1
| Doc--1Chronicles_25.txt | non relevant | non relevant | non relevant | non relevant | non felevert | non relevers | non refevent 'l
. Doc--1Chronicles_26.txt | non relevant | non relevant | non relevant | non relevant | non relevent | non relevent | non relevent 1
..Doc--1Chronicles_27.txt | non relevant | non relevant | non relevant | non relevant _{ non relevant | non relevant _ non relevent %
.Doc-1Chronicles_28.txt | non relevant | non relevant | relevant non relevant | non relevant | non relevant | non relevant
+ Doc--1Chronicles_29.txt | Relevant non relevant | non relevant | non relevant | non relevant | non relevant _, reevant
-Doc-1Kings_01.txt non relevant | non relevant | non relevant | non relevant "‘..n e r—
-Doc--1Kings_02.txt non relevant | non relevant | non relevant | relevant relevers nonrelevert, fonreeent.
+Doc--1Kings_03.txt Relevant non relevant_| non relevant | relevant hon relevent | non rBeveNt | BOn e
-Doc--1Kings_04.txt non relevant | non relevant_| non relevant | non relevant — s _I' e
Doc--1Kings_05.txt non relevant | non relevant | non relevant | non relevert | relevent oonreevens |t
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| Doc--1Kings._ 06.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
| Doc--1Kings_07.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Kings_08.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Kings_09.txt Relevant non relevant | non relevant | non relevant | non relevant | non relevant | non nlvum
| Doc--1Kings 10.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Kings_11.txt Relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--1Kings_12.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--1Kings_13.txt non relevant | nonrelevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--1Kings_14.txt Relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Kings_15.txt Relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--1Kings_16.txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Kings_17.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant 7
Doc--1Kings_18.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant noniv;onlt
Doc--1Kings_19.txt Relevant non relevant | non relevant | relevant non relevant | non relevant ) :doygnl
Doc--1Kings_20.txt non relevant | Relevant non relevant | non relevant | relevant non relevant | non rv)c\yon_tﬂ
Doc--1Kings_21.txt non relevant | Relevant non relevant | relevant non relevant | non relevant | non relevant
Doc--1Kings_22.txt Relevant non relevant | non relevant | relevant relevant non relevant | non relevant
_Doc--15amuel_01.txt non relevant | non relevant | relevant relevant relevant | nonrelevant | non relevant
Doc--1Samuel_02.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--15amuel_03.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Samuel_04.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--1Samuel_05.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
| Doc--1Samuel_06.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--1Samuel_07.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--1Samuel_08.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
 Doc--1Samuel_09.txt “on relevant | non relevant | non relevant | non relevant | non relevant | non relevant | Relevant |
Doc--1Samuel_10.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | Relevant ]
| Doc--15amuel 11.txt | non relevant | non relevant | non relevant | non relevant | fon relevant | non relevant | non relevant
Doc--1Samuel_12.txt Relevant non relevant | non relevant | non relevant relevant non relevant | Relevant |
Doc--1Samuel_13.txt non relevant | non relevant | non relevant | non relevant | relevant ponrelevert | non refevent
Doc--15amuel_14.txt non relevant | non relevant | non relevant | non relevant relevant non relevent_| non relevant
Doc--1Samuel_15.txt non relevant | non relevant | non relevant | non relevant | £of relevant | non relevant | Relevant |
| Doc--1Samuel_16.txt non relevant | non relevant | non relevant | relevant nonrelevent | nonrelevent | Relevart |
 Doc--1Samuel_17.txt non relevant | non relevant_| non relevant | non relevent | non relevnt | non relevant | non resevert 1
| Doc--15amuel_18.txt non relevant | non relevant | non relevant | non relevant_| non relevant | non relevant | non relevant
| Doc--1Samuel_19.txt non relevant | non relevant | non relevant | non relevant _| relevert on reievent_ non et |
| Doc--15amuel_20.txt non relevant | non relevant | non relevant rolovent non relevent | non relevent  non reevert
| Doc--1Samuel_21.txt non relevant | non relevant_| non relevant | non levent | nonrelevent | non reesent_ on TSR |
\ Doc--15amuel_22.txt non relevant | non relevant_| non relevant relevont relevert nonrelevent | fon retevent
Doc--1Samuel_23.txt non relevant | non relevant | non relevant | non relevant rewesact Loonrminen Lo
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non relevant

non relevant

wuel_u.txt non relevant | relevant eT— non relevent | Relevent }
Doc--15amuel_25.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant 4‘
_Doc--lsamuel_za,txt non relevant | non relevant | non relevant | relevant relevant non relevant | Relevant
ﬁtuamuel 27.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant j
Doc--1Samuel_28.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--15amuel_29.txt Relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--1Samuel_30.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--15amuel_31.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non un;m;ﬂ
Doc--2Chronicles_O1.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Chronicles_02.txt | non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
Doc--2Chronicles_03.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Chronicles_04.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Chronicles_05.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Chronicles_06.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant wggoﬂ it
Doc--2Chronicles_07.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Chronicles_08.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Chronicles_09.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Chronicles_10.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Chronicles_11.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Chronicles_12.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Chronicles_13.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Chronicles_14.txt | Relevant non relevant | non rgkvont non relevant | relevant non relevant | Relevant
 Doc--2Chronicles_15.txt | non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant
Doc--2Chronicles_16.txt | non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant
Doc--2Chronicles_17.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
lg)c--ZChronicles_ls.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant |
Doc--2Chronicles_19.txt | Relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Chronicles_20.ixt | Relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Chronicles_21.txt | non relevant | non relevant | non relevant | non relevant | relevant noneelevent | non refevent
Doc--2Chronicles_22.txt | non relevant | non relevant | non relevant | non relevant | relevant poncelovers | Aolevers
Doc--2Chronicles_23.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | Relevant
M‘ronicles_zls.txt Relevant non relevant | non relevant | non relevant | non relevant | non relevant ‘ fon relevers |
| Doc--2Chronicles_25.txt | Relevant non relevant | non relevant | non relevant | relevant non relevent | non relevant |
| Doc--2Chronicles_26.txt | Relevant | non relevant | non relevant | non relevant reievers non rtlevi | non retee™
Monicles_znxt Relevant non relevant | non relevant | non relevant | 107 relevont | non relevent | non relevent J
1rDoc'gzc““’nicles_zs.txt Relevant non relevant | non relevant | non relevont_| non relevent | non reevert | Reever 7
. Doc-2Chronicles_29.txt | Relevant non relevant | non relevant | non relevant | nof relevent | non relevent | non resevert |
 Doc--2Chronicles_30./xt | non relevant | non relevant | non relevant | nof relevont | non relevent | non relevert ‘ mon et
. Doc-2Chronicles_31.txt | Relevant non relevant_| non relevant | non R Y ey
_Doc--2Chronicles_32.txt | non relevant | non relevant | non relevant | non relevant | relevant nonrelevens | non reevent




poc--2Chronicles_33.txt | non relevant | non relevant

mhronicles 34.txt | relevant non relevant : m : m o M E !

'oocfzcmoniclesaas.txt non relevant | non relevant | non relevant | non relevant ey pap——

| Doc--2Chronicles_36.txt | non relevant | non relevant | non relevant non relevant | non relevant | non relevant | non relevant

| Doc--2Kings_01.txt non relevant | non relevant | non relevant | non relevant | reledant non relevant | non relevant
Doc--2Kings_02.txt non relevant | non relevant | relevant relevant relevant non relevant | non relevant
Doc--2Kings_03.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Kings_04.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant

| Doc--2Kings_05.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
Doc--2Kings_06.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--2Kings_07.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Kings_08.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--2Kings_09.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | Relevant
Doc--2Kings_10.txt relevant non relevant | non relevant | relevant relevant non relevant non rc;vcnl
Doc--2Kings_11.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | Relevant
Doc--2Kings_12.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non rm.:;t_
Doc--2Kings_13.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Kings_14.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Kings_15.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Kings_16.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Kings_17.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--2Kings_18.txt relevant non relevant | non relevant | relevant relevant non relevant | non relevant

| Doc--2Kings_19.txt non relevant | Relevant non relevant | relevant relevant non relevant | non relevant

| Doc--2Kings_20.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Kings_21.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--2Kings_22.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant

| Doc--2Kings_23.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant

| Doc--2Kings_24.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |

| Doc--2Kings_25.txt non relevant | non relevant | non relevant | non relevant relevent RO (vt | POn refevent

. Doc--2Samuel_01.txt non relevant | non relevant | non relevant | relevant relevant non relevert | Refevers

| Doc--2Samuel_02.txt non relevant | non relevant | non relevant | relevant folovent sonselovent | Relovers

. Doc--2Samuel_03.txt non relevant | Relevant non relevant M nonvelevent | non relevent | Relevers
Doc--2Samuel_04.txt non relevant | non relevant | non relevant relevant pon relevent | non relevent {107 reIvert 1

M&I_o&m non relevant | non relevant | non relevant | non relevant relevent ponrelevert | Aetevers

LMUEI_OG.txt non relevant | non relevant | non relevant | non relevant | relevant non relevert | on retevert

| Doc--2Samuel_07.txt non relevant | non relevant | non relevant | non relevant oot non reteverd | fon retevant

| Doc--25amuel_08.txt non relevant | non relevant | non relevant | non relevant non relevent { non relevent | non relevert

| Doc--2Samuel_09.txt non relevant | non relevant | non relevant relovent releont e B

- Doc--25amuel_10.txt non relevant | non relevant | non relevant | relevant relevert non relevens  non reevert
Doc--2Samuel_11.txt non relevant | non relevant | non relevant | relevant relevart fon e oon et

.




Doc--Ecclesiastes_12.txt

non relevant

non relevant

non relevant

non relevant

non relevant | relevant non felevant
_Dic--ssther_onxt non relevant | non relevant | non relevant | non relevant relevant sonrsiovent | non relevent
Doc--Esther_02.txt non relevant | non relevant non relevant | non relevant | non relevant non relevant non relevent
| Doc--Esther_03.txt non relevant | non relevant | non relevant | non relevant non relevant | non relevant | non relev ant |
Doc--Esther_04.txt non relevant | relevant non relevant | non relevant non relevant | non relevant non relevant
Doc--Esther_05.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Esther_06.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Esther_07.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Esther_08.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant |_non relevant
Doc--Esther_09.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant ] non relevant
Doc--Esther_10.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus1.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus10.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Exodus11.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Exodus12.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Exodus13.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus14.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus15.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus16.txt non relevant | non relevant | relevant non relevant | non relevant | non relevant | non relevant
Doc--Exodus17.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus18.txt non relevant | non relevant | non relevant | non relevant | nonvelevant | non relevant | non relevant
Doc--Exodus19.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus2.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
| Doc--Exodus20.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus21.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
. Doc--Exodus22.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Exodus23.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant J
mt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
 Doc--Exodus25.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
. Doc-Exodus26.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Mﬁ.m non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant Jv
LM&txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | Relevant
Doc--Exodus29.txt non relevant | non relevant | non relevant | non relevant | non reiovent | nonrelovent | Aelevers |
mt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant _, non o
| Doc--Exodus30.txt non relevant | non relevant_| non relevant | non relevant | non relevant | non relevant teelnt
mtxt non relevant | non relevant | non relevant | non relevant | non relevent | nonrelevers L R
- Doc--Exodus32.txt non relevant | non relevant | non relevant | relevant non relevant | oon resevant t e
| Doc--Exodus33.txt non relevant | non relevant | non relevant | non relevent | non relevent | non relevent | non refevent
-Doc-Exodus3a.txt non relevant | non relevant | non relevant | non relevant | non relevant | 1S" felevent_oon rement
Doc~Exodus3s.txt non relevant | non relevant | non relevant | non relevant non relevant | non refevant | Relevant
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poc--Exodus36.txt non relevant | non relev
poc--Exodus37.txt non relevant | non relev::: ::: x: mSean oo ween aonsen | oo eteen
msas.txt non relevant | non relevant | non relevant : m"' | s c—
Doc--Exodus39.txt non relevant | non relevant | non relevant | non nltvo: oy e R
Doc--Exodusd.txt non relevant | non relevant | non relevant [ ——— R
T)J-Exodus%.txt non relevant | non relevant Shimiig poaY R T
| Doc non relevant | non relevant | non relevant | non relevant | Relevant
Doc--Exoduss. txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus6.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non mnm-
Doc--Exodus7.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Exodus8.txt non relevant | non relevant | non relevant | non relevant | nontelevant | non relevant | non relevant
Doc--Exodus9.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel_01.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel _02.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non m;a;w y
Doc--Ezekiel _03.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel _04.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non nbu;w
Doc--Ezekiel_05.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel _06.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel_07.txt non relevant | relevant non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel_08.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Ezekiel_09.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel _10.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel _11.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel_12.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel _13.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel 14.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel_15.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
 Doc--Ezekiel_16.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | relevant
Doc--Ezekiel_17.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
_ Doc--Ezekiel_18.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel_19.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
| Doc--Ezekiel_20.txt non relevant | non relevant | non relevant | non relevant _| non relevant | non relevant | non relevant
rmkiel_z 1txt non relevant | non relevant | non relevant | non relevant | non relevert | non refovent | non refevert
| Doc--Ezekiel_22.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel_23.txt non relevant | non relevant | non relevant | non relevant | 0of relevent | non relevent | non Teievent %
Mel 24 txt non relevant | non relevant | non relevant | non relevent_| non relevent | non relevent __ non relevert |
;-MELZS.txt non relevant | non relevant | non relevant | nof relevont | non relevent | non relevent | non reievet |
Mﬂj&tn non relevant | non relevant | non relevant | non relevant relevert honrelevent | non reeent %
 Doc--Ezekiel_27.txt non relevant | relevant non relevant_| non relevant _| non relevant RS e
 Doc-—-Ezekiel_28.txt non relevant | non relevant_| non relevant | non relevant_| relevont non releveer, retevent
DW{\’WQJ)Q non relevant | non relevant | non relevant | non relevant | 07 reevons | oon et I monrmevent |
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Mkieljo.txt non relevant | non relevant | non relevant non relevant | non relevant | non relevant I non relevant J
| Doc--Ezekiel_31.txt non relevant | non relevant | non relevant | non relevant | relevant non relovent I T .‘“‘n;' J
Mkiel_az.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant no; relevant |
Doc--Ezekiel_33.txt relevant non relevant | non relevant | non relevant relevant non relevant | non relevant j
Doc--Ezekiel_34.txt non relevant | non relevant | non relevant non relevant | relevant non relevant | non relevant |
Doc--Ezekiel_35.txt non relevant | non relevant | non relevant | non relevant non relevant | non relevant | non relevant
Doc--Fzekiel_36.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel_37.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel_38.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel _39.txt non relevant | non relevant | non relevant | non relevant relevant non relevant | non 'Obvcf;i
Doc--Ezekiel_40.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Ezekiel_41.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezekiel_42.txt non relevant | non relevant | non relevant | non relevant | nonselevant non relevant | non relevant
Doc--Ezekiel_43.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel_44.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Ezekiel_45.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant 1‘
Doc--Ezekiel_46.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant

| Doc--Ezekiel_47.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Ezekiel_48.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezra_01.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezra_02.txt non relevant | non relevant | nonrelevant | non relevant | relevant non relevant | non relevant

| Doc--Ezra_03.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezra_04.txt non relevant | non relevant | non relevant | non relevant | non relevant | nonrelevant | non relevant

. Doc--Ezra_05.txt non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant

| Doc--Ezra_06.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Ezra_07.txt non relevant | non relevant | nonrelevant | non relevant | nonrelevant | non relevant | non relevant
Doc--Ezra_08.txt relevant non relevant | non relevant | non relevant relevant non relevant | non rm\mnp|
Doc--Ezra_09.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant *
- Doc--Ezra_10.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant ‘
- Doc--Genesis1. txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Genesis10.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant

| Doc--Genesis11.txt non relevant | non relevant | non relevant | non relevant | relevant fon rolvvent _|_on retevent

| Doc--Genesis12 txt non relevant | non relevant | non relevant | non relevant | relevant oo relebnt | ron retevant %

Doc-Genesis13.txt non relevant | non relevant | non relevant | non relevant | relevant fon relent |, nonfeent .

w non relevant | non relevant | non relevant | non i Y PR x Jr

Mxt non relevant | non relevant | non relevant | non relevant :'::nm :: x : bt |

w non relevant | non relevant | non relevant | non relevant non relevant 11

‘*DOC"G‘"‘% non relevant | non relevant | non relevant | non relevant | non relevant | 121 :: non relevent

w relevant non relevant | non relevant | relevant s, : relevant | non relevant |

‘DM"G"\'ESMW non relevant | non relevant | non relevant | non relevant L .3 -
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non relevant

non relevant

non relevant

Doc--Genesis3.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

-t

MM non relevant | non relevant | non relevant | non relevant
M,Mt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant |
wwt non relevant | nonrelevant | nonrelevant | nonrelevant | relegant non relevant | non rekvln; .
Doc--Genesis22.txt non relevant | nonrelevant | nonrelevant | non relevant | relevant non relevant _non relevant |
Doc--Genesis23.txt non relevant | nonrelevant | non relevant | relevant relevant non relevant | non relevant |
Doc--Genesis24.txt relevant non relevant | non relevant | relevant relevant non relevant non velcvan;
Doc--Genesis25.txt non relevant | nonrelevant | nonrelevant | non relevant | relevant non relevant | non relevant
Me.txt non relevant | non relevant | relevant non relevant | relevant non relevant | non relevant
Doc--Genesis27.txt non relevant | non relevant | nonrelevant | relevant relevant non relevant | non relevant
Doc--Genesis28.txt non relevant | nonrelevant | nonrelevant | non relevant | relevant non relevant | non relevant
Doc--Genesis29.txt non relevant | non relevant | non relevant | non relevant | relevant non relevan non relevant |

non relevant

Doc--Genesis30.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Genesis31.txt non relevant | non relevant | nonrelevant | nonrelevant | non relevant | relevant relevant
Doc--Genesis32.txt non relevant | non relevant | nonrelevant | relevant relevant non relevant | non relevant
Doc--Genesis33.txt non relevant | non relevant | non relevant | relevant non :elevlnt non relevant non relevant
Doc--Genesis34.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant ]
Doc--Genesis35.txt non relevant | non relevant | non relevant | non relevant relevant non relevant non relevant |
Doc--Genesis36.txt non relevant | nonrelevant | nonrelevant | non relevant | relevant non relevant | non relevant ’
Doc--Genesis37.txt non relevant | relevant non relevant | non relevant | relevant relevant non relevant
Doc--Genesis38.txt non relevant | nonrelevant | nonrelevant | non relevant | relevant non relevant | non relevant
Doc--Genesis39.txt non relevant | non relevant | non relevant relevant non relevant | non relevant | non relevanH'
Doc--Genesis4. txt non relevant | nonrelevant | relevant non relevant | relevant non relevant | non relevant |
Doc--Genesis40.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant 1‘

Doc--Genesis41.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Genesis42.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant |
Doc--Genesis43.txt non relevant | non relevant | non relevant relevant non relevant | non relevant | non relevant |
Doc--Genesis44.txt non relevant | non relevant | non relevant relevant non relevant | non relevant | non relevant |
Doc--Genesis45. txt non relevant | non relevant | non relevant | relevant non relevant | non relevant non relevant |
M‘iﬁtxt non relevant | non relevant | non relevant | non relevant non+elevant | non relevant | non relevant |
Doc--Genesis47.txt non relevant | non relevant | non relevant relevant relevant non relevant : non relevant |
Doc--Genesis48.txt - non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant |
Doc--Genesis49.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
lth non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant { non :e:vv::
+-D0c--Genesis50.txt non relevant | non relevant | non relevant non relevant | relevant non :.n: ::: ':‘": . |
- Doc--Genesis6. txt non relevant | non relevant | non relevant non relevant | non relevant | non retevar vant |
[ boc-Genesiszo non relevant | non relevant | non relevant |
w non relevant | non relevant | non relevant Mclevant ey p—
w non relevant | non relevant | non relevant | non relevant | non re::::: 4:’:;"‘“ | B ]
e ' celevant | non relevant | non re ant_| non .
—=0C-Genesis9.txt non relevant | non relevant ::: sy mm‘“_'__ ____.4-———mn iy | e pr—y

‘ Doc-~Habakkuk_01.txt

non relevant

non relevant

———
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poc--Habakkuk_02.txt

relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Habakkuk_03.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant J
|

non relevant |

Doc--Haggai_01.txt
| Doc-dees————

non relevant

non relevant

non relevant

non relevant

relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Haggai_02.txt
| VoCdee =

Doc--Hosea_01.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

1
!
1
non relgv_.m J
non relevant ]

Doc--Hosea_02.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Hosea_03.txt

non relevant

non relevant

non relevant

non relevant

relevant

non relevant

non relevant J
|

non relevant

non relevant

non relevant

non relevant

non relevant

relevant

non relevant

Doc--Hosea_04.txt
Doc--Hosea_05.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Hosea_06.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Hosea_07.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Hosea_08.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Hosea_09.txt

non relevant

non relevant

non relevant

non relevant

relevant

non relevant

Doc--Hosea_10.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Hosea_11.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Hosea_12.txt

non relevant

non relevant

non relevant

relevant

non relevant

non relevant

non relevant

Doc--Hosea_13.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Hosea_14.txt

relevant

non relevant

non relevant

non relevant

non relevant

non relevant

Doc--Isaiah_01.txt

non relevant

non relevant

non relevant

relevant

non relevant

non relevant

non relevant

non relevant

Doc--Isaiah_02.txt

non relevant

non relevant

non relevant

non relevant

nonTelevant

non relevant

non relevant

e de—

Doc--Isaiah_03.txt

non relevant

non relevant

non relevant

non relevant

relevant

non relevant

non relevant

Doc--Isaiah_04.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant |

Doc--Isaiah_05.txt

non relevant

non relevant

non relevant

non relevant

relevant

non relevant
=

Doc--Isaiah_06.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

) = S

non relevant

Doc--Isaiah_07.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant |

 Doc-Isaiah_08.txt

non relevant

non relevant

non relevant

non relevant

non relevant

non relevant

non relevan!H

 Doc--Isaiah_09.txt

Doc--Isaiah_10.txt

non relevant

non relevant

non relevant

non relevant

Doc--Isaiah_11.txt

relevant

non relevant

non relevant
[BliojaR o LU

non relevant

Doc--Isaiah_12.txt

non relevant

non relevant

non relevant

- Doc-Isaiah_13.txt

non relevant

non relevant

non relevant
| e

non relevant

non relevant

non relevant

non relevant

non relevant | non relevant |

non releva n_(i ]

non relevant

non relevant

non relevant

non relevant»_‘

non relevant

non relevant

non relevant

non relevant

relevant
——

Doc--Isaiah_16.txt

non relevant

non relevant

D°C--|saiah_17.t><t

non relevant

non relevant

D°C~-lsaiah_18,txt

non relevant

non relevant

| Doc--lsaiah_19.txt

non relevant

non relevant

%Doculsaiah_mtxt

non relevant

Doc"lsaiah_Zl.txt

non relevant

relevant

non relevant

Doc-lsaiah_22.txt

non relevant

relevant

| non relevant |
non relevant

| non relevant
non relevant
non relevant
non relevant

non relevant
Bl Baziodaia s
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Doc-Isalah_23.txt non relevant | non relevant | non relevant mm i retevant
Doc-Isalah_24.txt non relevant | non relevant | non relevant | relevant | relevant 1on relevant | non relevant
Doc-Isalah,_25.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevent
Doc--Isalah, 26.txt relevant non relevant | non relevent | non relevent | non relevent | non relevent | non retevent
Doc--Isalah_27.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Isalah_28.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--salah_29.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc-Isalah_30.txt relevant non relevant | relevant noN relevant | non relevant | non felevant | non felevant |
| Doc--lsaiah,_31.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Isalah_32.txt relevant relevant non relevant | non relevant | relevant fon relevent
Doc--Isalah_33.txt relevant non relevant | non relevant | non relevant | relevant | non relevant | non relevant
| Doc-Isalah_34.txt non relevant | non relevant | non relevant | non relevant | relevant non relevent
Doc--Isalah_35.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
| Doc--Isalah_36.txt non relevant | non relevant | non relevant | relevant | non relevant | non relevant | non relevant
Doc--Isaiah_37.txt non relevant | relevant | non relevant | relevant | relevant | relevant L
Doc--Isaiah_38.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
_Doc--Isalah_39.txt non relevant_| non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc-Isalah_40.txt non relevant | non relevant | relevant | non relevant | non 00 refpwpndt
Doc--Isaiah_41.txt non relevant | non relevant | non relevant | non relevant | non relevant 2on relevent
Doc--Isalah_42.txt non relevant MMMM—— fon cesevert
Doc--Isalah_43.txt non relevant | non relevant | non relevant | non relevant | non relevant | fon refevenst
Doc--Isaiah_44.txt non relevant_| non relevant | non relevant | non relevant | non jelevant L
Doc--Isalah_45.txt relevant Mmmmm_ L L
| Doc--Isaiah_a6.txt non relevant | non relevant | non relevant | non relevant | non relevant L L
| Doc-Isaiah,_47.6xt non relevant | non relevant_| non relevant | non relevant | non relevant Ron refovemt
| Doc--Isalah_48.txt non relevant | non relevant | non relevant | non relevant | non relevant fon reevert
| Doc-Isaiah_49.txt non relevant | non relevant | non relevant | non relevant | non relevant L L
| Doc--Isaiah_S0.txt non relevant | relevant non relevant | non relevant | non relevant 0N relevent
| Doc--Isalah_S1.txt non relevant | non relevant | non relevant | non relevant | non relevant 290 refevert
| Doc--isaiah_S2.txt non relevant | non relevant | non relevant | non relevant | relevant fon revevert
| Doc--isaiah,_S3.txt non relevant | non relevant | non relevant | non relevant | non relevant Son celovens
| Doc-isaiah_S4.txt non relevant | non relevant | non relevant | non relevent | non refevant L1
| Doc-isaish,_55.tx on relevant | non relevant | non relevant | non relevant | non refevant e
| Docisssh, 56,0t __| non relevant | non reevent | non reevent | non reevens_| non reevens | non reevens | 000 rwevent
| Doc--salah_S7.txt relevant non relevant | non relevant | non relevant | non relevant | non retevat L _ |
| Doc-isalah_S8.txt non relevant | relevent | non relevant | non relevant | non Televant oo e
| Doc-isaish_S9.txt relevant non relevant | non relevant | non fon retgvens s et
| Doc-isaish_60.txt non relevant | non relevent | non relevent | non relevant | non relevant | oot
Doc--Isaiah_61.txt non relevant | non relevent | relevent | non relevent | non retever e

Doc-iseion 62| non relevent | non relevent | nonrelevens | mon uevens | men reevent S rutvens




non relevant

Doc--Isalah_63.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Isalah_64.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Isaiah_65.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant )
Doc--Isaiah_66.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_01.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_02.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_03.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
“Doc--Jeremiah_04.txt relevant relevant non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_05.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Jeremiah_06.txt non relevant | relevant non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_07.txt relevant non relevant | non relevant | non relevant | nonselevant | non relevant | non relevant
Doc--Jeremiah_08.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_09.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_10.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_11.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_12.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_13.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
| Doc--Jeremiah_14.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_15.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_16.txt non relevant | non relevant | relevant non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_17.txt relevant non relevant | relevant non relevant | relevant non relevant | non relevant
Doc--Jeremiah_18.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_19.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_20.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_21.txt non relevant | non relevant | non relevant | non relevant | non'relevant | non relevant | non relevant
Doc--Jeremiah_22.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_23.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
| Doc-Jeremiah_24.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc-Jeremiah_25.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_26.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_27.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah 28.4xt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_29.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_30.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_31.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_32.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_33.txt | non relevant | non relevant | non relevant non relevant | relevant non relevant | non relevant
Doc--Jeremiah_34.txt non relevant | non relevant | non relevant | non relevant | non refevant | non relevant | non relevant
| Doc--Jeremiah_35.txt non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant
E_Doc--leremlah_sa.m non relevant | non relevant | non relevant | non refevant | relevant non relevant | non relevant




Doc--Jeremiah_37.txt non relevant | non relevant | non relevant | relevant reledant non relevant | non relevant
Doc--Jeremiah_38.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--Jeremiah_39.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_40.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_41.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_42.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_43.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_44.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant |
‘Doc--Jeremiah_45.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_46.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_47.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_48.txt non relevant | relevant non relevant | non relevant | relevant non relevant | non relevant
Doc--Jeremiah_49.txt non relevant | relevant non relevant | non relevant | relevant non relevant | non relevant |
Doc--Jeremiah_50.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_51.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jeremiah_52.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_O1txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_02.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Job_03.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
Doc--Job_04.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_05.txt non relevant | non relevant | non relevant | non relevant | non relevant | relevant non relevant
Doc--job_06.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_07.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_08.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_09.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_10.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_11.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Job_12.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant |
Doc--Job_13.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_14.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_15.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_16.txt non relevant | non relevant | non relevant | non relevant non relevant | non relevant | non relevant
Doc--Job_17.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant non relevant
Doc--Job_18.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_19.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_20.txt non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant
Doc--Job_21.txt non relevant | non relevant | non relevant | non relevant non relevant | non relevant | non relevant
Doc--Job_22.txt non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant
Doc--Job_23.txt relevant non relevant | non relevant | non relevent | non relevent | non relevent | non relevant
Doc--Job_24.txt non relevant | non relevant | non relevant | non relevant | non relevant non relevant | non relevant




Doc--Job_25.txt non relevant | non relevant | non relevant | non relevant | non relevant non relevant | non relevant
Doc--Job_26.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
_Doc--Job_27.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Job_28.txt non relevant | non relevant | non relevant | non relevant | nontelevant | non relevant | non relevant
Doc--Job_29.txt non relevant | non relevant | non relevant | non refevant | relevant non relevant | non relevant
Doc--Job_30.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_31.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_32.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_33.txt relevant non relevant | non relevant | non relevant | non relevant non redevant
Doc--Job_34.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_35,txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
 Doc--Job_36.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_37.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Job_38.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_39.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_40.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_41.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Job_42.txt relevant non relevant | relevant non relevant | non relevant | non relevant | non relevant
Doc--Joel_01.txt non relevant | relevant non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Joel_02.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Joel_03.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jonah_01.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
| Doc--Jonah_02.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jonah_03.txt non relevant | relevant non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Jonah_04.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_01.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_02.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_03.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
Doc--Joshua_04.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Joshua_05.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--Joshua_06.txt non relevant | non relevant | non relevant | non relevant nonselevant | non relevant | non relevant
Doc--Joshua_07.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
_Doc--Joshua_08.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Ooc--loshua_09.mr relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Joshua_10.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant non relevant
Doc--Joshua_11.txt non relevant | non relevant | non relevant | non relevant | non relevant non relevant | non relevant
Doc-Joshua_12.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_13.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_14.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
|_Doc--Joshua_15.txt ~on relevant | non relevant | non relevant | nonrelevent | relevent | non relevent | non relevant




non relevant

Doc--Joshua_16.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_17.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_18.txt non relevant | non relevant | non relevant | non relevant non relevant | non relevant | non relevant
| Doc--Joshua_19.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_20.txt non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant
Doc--Joshua_21.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Joshua_22.txt non relevant | non relevant | non relevant | non relevant releyant | non relevant | non relevant
‘Doc--Joshua_23.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Joshua_24.txt relevant non relevant | non relevant | non relevant | relevant non relevant no;\ rolm;ﬂ;ﬂ
Doc--Judges_01.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant m—';.—;‘~
Doc--Judges_02.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Judges_03.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--Judges_04.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--Judges_05.txt non relevant | non relevant | relevant non relevant | relevant non relevant | non relevant
Doc--Judges_06.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--Judges_07.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Judges_08.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Judges_09.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Judges_10.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Judges_11.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Judges_12.txt non relevant | non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant
Doc--Judges_13.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
Doc--Judges_14.txt-. non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Judges_15.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Judges_16.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Judges_17.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Judges_18.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
| Doc--Judges_19.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
. Doc--Judges_20.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
| Doc--Judges_21.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--
(L)::wentations 01.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Lao:lentations 02.txt non relevant | relevant non relevant | non relevant | non relevant | non relevant | non relevant
f:r;entatlons_OB.txt non relevant | non relevant | non relevant | non relevant | nonselevant | non JEget 608 repvont
.&tations 04.txt non relevant | non relevant | non relevant | non relevant | non relevant | non reevent et !
&ations 05.txt non relevant | non relevant_| non relevant | non relevant | non sulovent | oon rlvwees | won retevent |
| Doc--Leviticus1.txt non relevant | non relevant | non relevant | non relevant | 1on relevort | non reievet non et 1'
|_Doc--Leviticus10.txt non relevant | non relevant | non relevant | non relevent | non relevent | non relevent _ resevent
Miticusll.txt non relevant | non relevant | non relevant | non relevens | non relevort | non retevent | con retevenst |
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non relevant

non relevant

Doc--Leviticus12.txt non relevant
Doc--Leviticus13.txt non relevant | non relevant | non relevant ::: ::::::: :::"m non relevant | non relevant J
Doc--Leviticus14.txt non relevant | non relevant | non relevant | non relevant | non relev non relevant | non relevant |
" ant | non relevant | non relevant
Doc--Leviticus15.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relev Ry — 4
o ant | non relevant
Doc--Leviticus16.txt non relevant | non relevant | non relevant | non relevant | relevant |
Doc--Leviticus17.txt non relevant | non relevant | non relevant | non relevant non relevant | non relevant 4
Doc--Leviticus18.txt non relevant | non relevant | non relevant | non relevant non relevant | non relevant | non relevant |
Doc--Leviticus19.txt non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant
Doc--Leviticus2.txt non relevant | non relevant | non rele: SO relovent | relevent | non relevent
. vant | non relevant | non relevant | non relevant m
Doc--Leth!cuszo.txt non relevant | non relevant | nonrelevant | non relevant | relevant non relevant | non relevant
Doc--Leviticus21.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | relevant
Doc--Leviticus22.txt non relevant | non relevant | nonrelevant | non relevant | relevant non relevant | non relevant
Doc--Leviticus23.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Leviticus24.txt non relevant | non relevant | non relevant | non relevant | non relevant | non rthva':t . non relevant
Doc--Leviticus25.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non vom;;\; A
Doc--Leviticus26.txt non relevant | non relevant | relevant non relevant | relevant non relevant | non nhv.;\l
Doc--Leviticus27.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--l.eviticus3.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non telcv:nl
Doc--Leviticus4.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | relevant
Doc--LeviticusS.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Leviticus6.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant relevant
Doc--Leviticus7.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | relevant
. Doc--Leviticus8. txt non relevant | non relevant | non relevant | non relevant relevant non relevant | relevant
| Doc--Leviticus9.txt non relevant | non relevant | non relevant | non relevant non selevant | non relevant | non relevant
| Doc--Malachi_01.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
 Doc--Malachi_02.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Malachi_03.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant |
Doc--Malachi_04.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
. Doc--Micah_01.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant |
-Doc--Micah_02.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Micah_03.txt relevant non relevant | non relevant | non relevant | non relevant | o7 relevant | non relevant
@a h_04.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant |
mﬂt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Micah_06.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | relevant
M‘)”Xt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant |
+-Doc--Nahum_01.txt non relevant | non relevant_| non relevant | non relevant | non relevant | non relevant | 107 relevant |
+ Doc--Nahum_02.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
-Doc--Nahum_03.txt non relevant | non relevant | non relevant | non relevant _| relevant non relevant _| non relevant |
| Doc--Nehemiah_01.txt | non relevant | non relevant | non relevant relevant non relevant | non relevant | non relevant
non relevant | non relevant | relevant non relevert | non reevam

\ Doc--Nehemiah_OZ.txt

non relevant

non relevant
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& miah_03.txt non relevant | non r
| Doc--Nehemiah__ elevant | non relevant | relevant relevant non relevant | non relevant

Doc--Nehemiah_04.txt non relevant | non relevant | non relevant non relevant | relevant non relevant | non relevant
EDacmNenen
poc--Nehemiah_05.txt non relevant | non relevant | non relevant non relevant | non relevant | non relevant nonlohv“.m
JiRpeaiecio”,

‘

Doc--Nehemiah_06.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant

poc--Nehemiah_07.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
poc--Nehemiah_08.txt | non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant

<
Doc--Nehemiah_09.txt relevant relevant non relevant | non relevant | non relevant | non relevant | non relevant

Doc--Nehemiah_10.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant

Doc--Nehemiah_11.txt | non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
—

Doc--Nehemiah_12.txt | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant

Doc--Nehemiah_13.txt non relevant | nonrelevant | non relevant | non relevant | relevant non relevant non relevant
Doc--Numbers1.txt non relevant | nonrelevant | nonrelevant | non relevant | non relevant | non relevant | non relevant |
Doc--Numbers10.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Numbers11.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant |
Doc--Numbers12.txt non relevant | non relevant | non relevant | relevant relevant non relevant | non relevant
Doc--Numbers13.txt non relevant | non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant
Doc--Numbers14.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
_Doc--Numbers15.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Numbers16.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Numbers17.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Numbers18.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | relevant J‘
Doc--Numbers19.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
. Doc--Numbers2.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Numbers20.txt non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant
Doc--Numbers21.txt non relevant | non relevant | non relevant | non relevant relevant non relevant | non relevant |
releva relevant
Doc--Numbers22.txt non relevant | non relevant | non relevant | non relevant relevant non nt_| non 3
relevant | non relevant
Doc--Numbers23.txt non relevant | non relevant | non relevant | non relevant nlcvom non
nt non ant
 Doc--Numbers24.txt non relevant | non relevant | non relevant | non relevant | non relevant | non releva relevant
releva non relevant | non relevant
| Doc--Numbers25.txt non relevant | non relevant | non relevant | non relevant nt .
nt | non relevant | non relevant |
- Doc--Numbers26.txt ron relevant | non relevant | non relevant | non relevant | non relevant
relev relevant | non relevant | non relevant |
Doc--Numbers27.txt non relevant | non relevant | non relevant | non ant__| non ‘
relevant | non relevant | non relevant |
- Doc--Numbers28.txt non relevant | non relevant | non relevant | non relevant | non e
‘ non relevant | non relevant | non relevant |
 Doc--Numbers29.txt non relevant | non relevant | non relevant | non relevant .
‘ relev. non relevant | non relevant | non relev
- Doc--Numbers3.xt non relevant | non relevant | non relevant | non ant relevant | non relevant
nt | non relevant | non
- Doc--Numbers30.txt non relevant | non relevant | non relevant | non releva
non nt | relevant non refevant | non redevant
+D0c--Numbers31.txt non relevant | non relevant | non relevant releva 1
| t | relevant relevant non redevant ! non refevant d
Doc--Numbers32.txt non relevant | non relevant | non relevan '
" non relevant | relevant non relevant | non relevant
’WH non relevant | non relevant | non relevant aat
nt | non relevant | non relevant non relevant | non relevant |
+Doc--Numbers34. txt non relevant | non relevant | non releva
| nt | non relevant | relevant non relevant | relevant |
Doc--Numbers3s. txt non relevant | non relevant | non releva
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non relevant

non relevant

Doc--Numbers36.txt non relevant
Doc--Numbers4.txt non relevant | non relevant | non relevant :"mnnl:v.m non relevant | non relevant
Doc--Numbers5.txt non relevant | non relevant | non relevant | non relevant R —
Doc--Numbers6.txt non relevant | non relevant | non relevant senlveas  nonrsomnt
Doc--Numbers7.txt non relevant | non relevant | onteennt _ nontulevint | non relevet
Doc--Numbers8.txt non relevant | non relevant ::: ::I:::n: Mg oy p—
@mbers&txt non relevant | non relevant | non relevl:t m :hv“::: :‘::::""' e pre—
Doc--Obadiah_01.txt non relevant | non relevant | non relevant | non relevant | non relevant ey p—
Doc--Proverbs_01.txt relevant non relevant | non relevant | non relevant | non relevant o gy pr——
Doc--Proverbs_02.txt relevant non relevant | non relevant | non relevant | relevan e e
t non relevant | non relevant
Doc--Proverbs_03.txt relevant non relevant | non relevant | non relevant | non relevant | relevant non relevant
Doc--Proverbs_04.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant  non relevant
Doc--Proverbs_05.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant non n;;om
Doc--Proverbs_06.txt non relevant | non relevant | relevant non relevant | non relevant | non relevant d non relevant |
Doc--Proverbs_07.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant
Doc--Proverbs_08.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Proverbs_09.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non tdcw;
Doc--Proverbs_10.txt non relevant | non relevant | non relevant | non relevant non'nltnm non relevant | non relevant
Doc--Proverbs_11.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Proverbs_12.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Proverbs_13.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Proverbs_14.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
. Doc--Proverbs_15.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
. Doc--Proverbs_16.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
. Doc--Proverbs_17.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
. Doc--Proverbs_18.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Proverbs 19.txt | non relevant | non relevant | non relevant | non relevant | non relevant | relevant non relevent |
. Doc--Proverbs_20.txt | relevant non relevant | non relevant | non relevant | non relevant | non relevant | 700 relevant |
| Doc--Proverbs_21.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant |
Doc--Proverbs_22.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non redevant
Doc--Proverbs_23.txt relevant non relevant | non relevant | non relevant noncelevant | non relevant | non relevant |
1 Doc--Proverbs_24.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
| Doc--Proverbs_25.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevent | non relevant |
-Doc-Proverbs_26.txt non relevant | non relevant | non relevant | f0% relevant | non relevant | non relevant | non relevart |
Doc-Proverbs_27.txt non relevant | non relevant | non relevant relevant non relevant | non relevant | non relevant |
- Doc--Proverbs_28.txt relevant non relevant | non relevant | non relevant | o7 relevant | non relevant l‘ non relevant
+Doc--Proverbs_29.txt relevant non relevant | non relevant relevant non relevant | non relevant i non relevant
| Doc-Proverbs_30.txt | non relevant | non relevant | non relevant relevant non relevent | non relevant | non relevant
Doc--Proverbs_31.txt non relevant | non relevant | relevant non relevant | non relevant | non relevant | mon relevant |
Doc--Psalms_01.txt non relevant | non relevant | non relevant non relevant_| non relevent | non relevant | aon cotovers
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Doc--Psalms_02.txt
| wor—

non relevant

non relevant

non relevant

non relevant

non relevant | non relevant | non relevam
= g non
Doc--Psalms_03.txt on relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
- : non relev
Doc--Psalms_04.txt onrelevant | nonrelevant | non relevant | non relevant | non relevant | non relevant | non relevant
M_os.txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_06.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_07.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_08.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_09.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Psalms_10.txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_100.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_101.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_102.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_103.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_104.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_105.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | Relevant
Doc--Psalms_106.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_107.txt relevant non relevant | non relevant | non relevant | relevant non relevant | non relevant
Doc--Psalms_108.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant non relevant
Doc--Psalms_109.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Psalms_11.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_110.txt non relevant | non relevant | non relevant | non relevant | nontelevant | non relevant | non relevant
Doc--Psalms_111.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_112.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_113.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
relev. nt
Doc--Psalms_114.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non releva
relev. ant
Doc--Psalms_115.txt non relevant | non relevant | non relevant | non relevant _| non relevant | non relevant | non relevant |
ant | non relevant
Doc--Psalms_116.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relev.
relevant | non relevant
| Doc--Psalms_117.txt non relevant | non relevant | non relevant | non relevant | non relevant | non _| fon rex g
relevant | non relevant | non relevant
 Doc-Psalms_118.txt non relevant | non relevant | non relevant | non relevant | non ]
relevant | non relevant | non relevant |
. Doc--Psalms_119.txt relevant non relevant | non relevant | non relevant | non g
relevant | non relevant | non
- Doc--Psalms_12.txt non relevant | non relevant | non relevant | relevant non felov |
relevant | non relevant | non relevant | non relevant |
- Doc--Psalms_120.txt non relevant | non relevant | non relevant | non \
Jevant | non relevant | non relevant | non relevant | non relevant 1\
 Doc--Psalms_121.txt non relevant | non relevant | nonreleva =3 [ |
| Doc--Psalms 122.txt non relevant | non relevant | non relevant non relevant | non relevant | non releva felevert ‘
= relevant | non relevant
| D elevant | relevant non relevant | non 4
| Joc--Psalms_123 txt non relevant | non relevant | non relev
non non relevant | non relevant non redevant
Doc--Psalms_124.txt nrelevant | non relevant | non relevant relevant 1
—ur L resevant
‘ nt | non relevant _| non relevant | non relevant | 707
 Doc--Psalms_125.txt relevant non relevant_| non releva ! it
‘ nt | non relevant | non relevant | non relevant | non relevant |
+Doc--Psaims_126.txt non relevant | non relevant | non releva
= non relevant | non relevant | non relevant | non relevant |
+Doc--Psalms_127.txt non relevant | non relevant | non relevant e
B t | non relevant | nof relevant | non relevant | non refeva
Doc--Psalms_128.txt non relevant | non relevant | non relevan
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non relevant

Doc--Psalms_129.txt non relevant | non relevant | non relevant non relev.
Doc--Psalms_13.txt non relevant | non relevant | non relevant | non relevant o T o—
Doc--Psalms_130.txt non relevant | non relevant | non relevant | non relevant : :::::: - oo v
Doc--Psalms_131.txt non relevant | non relevant | non relevant | non relevant | non v
Doc--Psalms_132.txt non relevant | non relevant | non relevant | non relevant rcm:m.m s s p— 1
Doc--Psalms_133.txt non relevant | non relevant | non relevant | non relevant | - e p—
| Doc--Psalms_134.txt non relevant | non relevant | non relevant | non relevant s ey, pr—
Doc--Psalms_135.txt non relevant | non relevant | non relevant | non relevant :: ::'": o g w—
Doc--Psalms_136.txt non relevant | non relevant | non relevant | non relevant | non rclw::t ey p—
Doc--Psalms_137.txt non relevant | nonrelevant | non relevant | non relevant | relev e — l
ant non relevant | non relevant
Doc--Psalms_138.txt non relevant | non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant
Doc--Psalms_139.txt non relevant | non relevant | nonrelevant | nonrelevant | non relevant | non relevant = non fchvon; -
Doc--Psalms_14.txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant  non r;b:m;
Doc--Psalms_140.txt non relevant | non relevant | non relevant | non relevant | nonrelevant | non relevant  non relevant
Doc--Psalms_141.txt non relevant | non relevant | non relevant | non relevant | non relevant | relevant nom.v:I
Doc--Psalms_142.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant = non mh;o;w_
Doc--Psalms_143.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_144.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non rom;am
Doc--Psalms_145.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non rdcv;m
Doc--Psalms_146.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant 7
Doc--Psalms_147.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
Doc--Psalms_148.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
| Doc--Psalms_149.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_15.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_150.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
| Doc--Psalms_16.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | non relevant
Doc--Psalms_17.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non rdevm_J
Doc--Psalms_18.txt relevant non relevant | non relevant | non relevant non relevant | nonrelevant | Relevant 4
| Doc--Psalms_19.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
 Doc--Psalms_20.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant Relevant :
- Doc--Psalms_21.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Mltxt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non "‘"‘M—‘J
| Doc--Psalms_23 txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant ne S
;’wiﬂ non relevant | non relevant | non relevant | non relevant 1 198 relevant | non relevant | non relevant ,‘
}M‘S_Zim relevant non relevant | non relevant | non relevant non relevant | non relevant % non relevant |
1'mmxt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Psalms_27.txt non relevant | non relevant | non relevant | non relevant _| non relevant | non relevant
| Doc--Psalms_28 txt non relevant | non re@ﬂ_www‘wf T .
+2oc-Psalms_9.txt non relevant | non relevant | non relevant | non relevant | relevant non relevent _| 000 retevar |
| non relevant | nof relevant | non relevant | non relevant | 707 reteve

Doc--Psalms_30.txt

non relevant

non relevant
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MMN non relevant | nonrelevant | non relevant | non relevant non'relev.nt non relevant | non relevant
Mal’ms_’ﬂtxt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_33.txt relevant non relevant | nonrelevant | non relevant | non relevant | non relevant _| non relevant
Doc--Psalms_34.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant
w%.txt non relevant | relevant non relevant | non relevant | non relevant | non relevant | non mfvm—
Doc--Psalms_36.txt relevant non relevant | nonrelevant | non relevant | non relevant | non relevant = non relevant
Doc--Psalms_37.txt relevant non relevant | nonrelevant | non relevant | relevant non relevant | non relevant
Doc--Psalms_38.txt non relevant | nonrelevant | nonrelevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_39.txt non relevant | nonrelevant | nonrelevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_40.txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant | non relevant &
Doc--Psalms_41.txt relevant non relevant | nonrelevant | nonrelevant | nonrelevant | non relevant | non relevant 4
Doc--Psalms_42.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant
| Doc--Psalms_43.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_44.txt non relevant | non relevant | nonrelevant | nonrelevant | nonselevant | non relevant | non relevant
Doc--Psalms_45.txt relevant non relevant | non relevant | relevant non relevant | non relevant | Relevant
Doc--Psalms_46.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant |
Doc--Psalms_47.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant ]
Doc--Psalms_48.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_49.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | ‘
Doc--Psalms_50.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Psalms_51.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_52.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Psalms_53.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant j
Doc--Psalms_54.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant J
Doc--Psalms_55.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non relevant J\
| Doc--Psalms_56.txt non relevant | non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant |
. Doc-Psalms_57.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Psalms_58.txt relevant non relevant | non relevant | non relevant _| non relevant | non relevant | nof e ‘Il
- Doc--Psalms_59.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
- Doc--Psalms_60.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non oot |
 Doc-Psaims_61.txt non relevant | non relevant | non relevant | non relevant | relevant non relevant | non rekv':: |
M“S_Gz.txt non relevant | nonrelevant | non relevant | nonrelevant | non relevant | non relevant | non ::M
w non relevant | non relevant Mw—ww — ;.‘".M 1
wtxt relevant non relevant | non relevant | non relevant | non relevant | non relevant : ivicn
wﬁt non relevant | non relevant | non relevant | non relevant | non relevant | non z:: i
Doc--Psalms_66.txt non relevant | non relevant | non relevant | non relevant | non relevant | non g rm:m, |
-Doc-Psalms_67.txt relevant non relevant | non relevant | non relevant non relevant :: relevant | non rma:
- Doc--Psaims_68.txt non relevant | non relevant www m T m "'.“M 1
w non relevant | relevant non relevant J\Mﬂ!ﬂ!_w_" iv—r(bv;ﬂ‘ {
| ponrelevant | nonrelevant | non relevrt non )

°°C--Psalms_70.txt

non relevant

non relevant
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Doc--Psalms_71.txt
[Bluloemd )

non relevant

non relevant

non relevant

non relevant

non relevant | non relevant | non relevant
Doc--Psalms_72.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relev ﬁ
| Doc--Psalms_73.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non nbv::: }
Doc--Psalms_74.txt non relevant | non relevant | non relevant | non relevant nonrelevant | non relevant non relevant |
_%-Psalmsjs.txt relevant non relevant | non relevant | non relevant non relevant | non relevant | non vﬂwo;l ]
Msalms_m.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant J
Doc--Psalms_77.txt non relevant | non relevant | non relevant | non relevant non relevant | non relevant non;;;:o;l 1
Doc--Psalms_78.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non :o;;n!
Doc--Psalms_79.txt non relevant | non relevant | relevant non relevant | non relevant | non relevant ;on lo“tvlnl
Doc--Psalms_80.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant oonAr:bv*om—
Doc--Psalms_81.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non Mwomr :
Doc--Psalms_82.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non Mtvom-
Doc--Psalms_83.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant _| non m'var;!
Doc--Psalms_84.txt relevant non relevant | non relevant | non relevant | relevant non relevant | Relevant
Doc--Psalms_85.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_86.txt non relevant | non relevant | nonrelevant | nonrelevant | non relevant | non relevant | non relevant ]
Doc--Psalms_87.txt non relevant | non relevant | nonrelevant | non relevant | nonrelevant | non relevant | non relevant
Doc--Psalms_88.txt non relevant | nonrelevant | non relevant | non relevant non'rclevlm non relevant | non relevant
Doc--Psalms_89.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | Relevant
Doc--Psalms_90.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Psalms_91.txt non relevant | non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant
| Doc--Psalms_92.txt non relevant | non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant
Doc--Psalms_93.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant
. Doc--Psalms_94. txt relevant non relevant | nonrelevant | non relevant | non relevant | relevant non relevant
Doc--Psalms_95.txt non relevant | non relevant | non relevant | non relevant | nonrelevant | non relevant | non relevant
Doc--Psalms_96.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
 Doc-Psalms_97.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant }
Doc--Psalms_98.txt relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevant J
‘rw.txt non relevant | non relevant | non relevant | non relevant | Relevant non relevant | non relevant |
wt non relevant | non relevant | non relevant | non relevant | Relevant non relevant | non relevant |
m non relevant | non relevant | non relevant | relevant Relevant non relevant | non relevant |
%w non relevant | non relevant | non relevant | non relevant | non relevant { nonreievart o0 '*“: ‘
Lgoc"ﬂmw non relevant | non relevant | non relevant | non relevant Relevant non relevant | non L%
0c--Songof
% relevant non relevant | non relevant | non relevant | non relevant | non relevant | non relevent |
W non relevant | non relevant | non relevant | non relevant | non relevant | non relevant 1‘ non relevant |
;322002523‘m non relevant | non relevant | non relevant | non relevant | non gy I m:: |
' ;Z':f;z:{;g‘:'m non relevant | non relevant | non relevant non relevant _{ non relevar 022 g i :)mmm |
Solomon_0s. txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant 120 '
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solomon_06.txt

Doc--Song of

non relevant

non relevant

non relevant

non relevant | non relevant
non relevan
Doc-50Ng of t__| non relevant |
on 07.txt non relevant | non relevant | no
Solomon_| - nrelevant | non relevant | non relevant | non relevant | non relevant !
Doc--Song 0 — 4
Axt non relevant | non rel
Solomon_08 evant | nonrelevant | non relevant non relevant | non relevant | non relevant |
Doc--Zechariah_01.txt non relevant | non relevant | non relevant relevant non relevant | non relevant | non relevant
H - - : |
Doc--Zechariah_02.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant non relevant |
Doc--Zechariah_03.txt non relevant | non relevant | non relevant | non relevant | nonselevant | non relevant | non relevant
Doc--Zechariah_04.txt non relevant | non relevant | non relevant | relevant non relevant | non relevant | Relevant |
Doc--Zechariah_05.txt non relevant | non relevant | non relevant | non relevant | non relevant | non relevant | non relevant |
Doc--Zechariah_06.txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant | non relevant
- 1
Doc--Zechariah_07.txt. non relevant | nonrelevant | non relevant | non relevant | non relevant non relevant | non relevant
Doc--Zechariah_08.txt non relevant | nonrelevant | nonrelevant | non relevant | relevant non relevant | non relevant
Doc--Zechariah_09.txt non relevant | non relevant | relevant non relevant | relevant non relevant | non relevant |
Doc--Zechariah_10.txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant non relevant |
) |
Doc--Zechariah_11.txt non relevant | nonrelevant | nonrelevant | non relevant | non relevant | non relevant non relevant
Doc--Zechariah_12.txt non relevant | nonrelevant | non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Zechariah_13.txt non relevant | relevant non relevant | non relevant | non relevant | non relevant | non relevant
Doc--Zechariah_14.txt non relevant | nonrelevant | nonrelevant | non relevant | non relevant | non relevant | non relevant J
Doc--zephaniah_01.txt non relevant | nonrelevant | non relevant | nonrelevant | non relevant | non relevant | non relevant ]
Doc--zephaniah_02.txt non relevant | non relevant | nonrelevant | nonrelevant | relevant non relevant | non relevant |
Doc--zephaniah_03.t>_<t non relevant | non relevant | non relevant | non relevant non relevant | non relevant non relevant |
Appendix II: Java written code:
Written code for term re-weighting
package amharicir;
/**
* @author zish
*f
import org.apache.log4j.Logger;
import java.util. Arrays;
import java.util.Map; _
import java.lang.String;
public class ExpansionTerms] {
/** The logger used */
protected Logger logger; o
/** The terms in the top-retrieval documents. = new HashMap<Character,

protected HashMap<Character,

ArrayList>();

protected HashMap<Character, Strin
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ArrayList<String> word = new ArrayList<String>();
/** The lexicon used for retrieval. */
protected Lexicon lexicon;
/** The number of documents in the collection, */
protected int numberOfDocuments:
/** The number of tokens in the collection. */
String WeightingModel;
String terms;
protected int EXPANSION_MIN_DOCUMENTS:
protected int NUMBER_OF_EXPANSION DOCUMENTS:
protected double assignWeights; 5
protected double expandedTerms;
protected double Rounding;
protected double numberOfTokens;
protected double normalisedFrequency;
protected String queryTermsArray;
protected double score;
/** The average document length in the collection, */
protected double averageDocumentLength;
/** The number of tokens in the X top ranked documents. */
protected double totalDocumentLength;
protected boolean NORMALISE_ WEIGHTS = true;
public void setNORMALISE_WEIGHTS(boolean normalise weights) |
NORMALISE_WEIGHTS = normalise_weights;
}
public double normaliser = 1d;
protected int termID;
/** The weight for query expansion. */
protected double weightExpansion;
/** The number of occurrences of the given term in the X top ranked documents
protected double withinDocumentFrequency:
/** The document frequency of the term in the X top ranked documents
protected int documentFrequency; ¥
public ExpansionTermsI(int termID) {
this.termID = termID;

}

public ExpansionTerms1(int termlD. double withinDocumentFrequency) |
this.termID = termID;
this.withinDocumentFrequency = withinDocumentFrequency.
this.documentFrequency = I;
this.weightExpansion = 0:

J

public int getTermID(){
return this.termlD;

}

public void insertRecord(double wilhin()ocumc_mlfrcqucnc,\ " ‘
this.withinDocumentFrequency += withinDocumentF requency.

this.documentFrequency++:

} v .
public void selWeightExpansion(doublc weightExpansion)|

this.weightExpansion = weightExpansion;

}

public int getDocumean‘quency()(
return this.documentFrequency:
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} .
public double getWeightExpansion() {
: return this.weightExpansion;
public double getWithinDocumcanroqucncy( )|
} return this.wilhinDocumcmFrequmcy;
public int compareTo(ExpansionTerms| o) {
System,out.println(o.gcthighlExpansion() +" vs " + this.get WeightExpansion());
if (0.getWeightExpansion() > this.getWeightExpansion()) {
return 1;
}
else if (0.get WeightExpansion() < this.get WeightExpansion()) {
return - 1;
}
else {
return 0;
)
}
public ExpansionTerms 1(
int numberOfDocuments,
long numberOfTokens,
double averageDocumentLength,
double totalLength,int lexicon) {
this.numberOfDocuments = numberOfDocuments;
this.numberOfTokens = numberOf Tokens;
this.averageDocumentLength = averageDocumentLength,
this.original Terms = new HashMap<Character, Array List>();
this.totalDocumentLength = totalLength;
this.lexicon = lexicon;
}
//returns index terms from a given index
public static String returnIndexTerms(String index) throws 10Exception|
StopStemmer stopStemmer = new StopStemmer();
Directory directory = FSDirectory.getDirectory(index):
IndexReader indexReader = getReader(directory);
TermEnum termEnum = indexReader.terms(); L

String term ="";
while(termEnum.next()){
if (!stopStemmer.isStop(termEnum.term().text(){
if('termEnum.term().text().toString().contains("0")
!termEnum.term().text().toString().contains("C:"))
term = term + termEnum.term().text() + "

}
}

return term;

)

public static String returnCommonTerms(String qum'Tms)lhmws 5‘;‘"""‘;‘
String[] queryTermsArray = QueryTokenizer.tokenizeQuery(query T erms).

String sentence2 ="";
long smallSize = 0;
String smallSizeQueryTerm = "";

String commonTerms = ""; )
//selects a query term with the smallest number of expanding terms
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for(int i=0; i<queryTermsArray.length; i++)(
F‘i]e X= new File("C:/meanings/" + queryTermsArray(i] + * txt”),
if(smallSize == 0){
smallSize = x.length();
smallSizeQueryTerm = qQueryTermsArray[i];
}
clse if(smallSize > X.length()){
smallSize = x.length();
smallSizeQueryTerm = QueryTermsArrayli);
}
)
FileInputStream fin = new FileInputStream(new File("C:/meanings/" + smallSizeQuery Term +* tx1")),
InputStreamReader read = new InputStreamR eader(fin, "utf-8");
BufferedReader rd = new BufferedReader(read);
String line;
StringBuffer sb = new StringBuffer();
while ((line = rd.readLine()) != null) {
sb.append(line);
]
rd.close();
String[] sentence = sb.toString().split(" ");
for(int t=0; t<queryTermsArray.length; t++){
if(!commonTerms.equals("") && t!=(query TermsArray.length-1)){
sentence = commonTerms.split(" ");

commonTerms = "";

}
if(!queryTermsArray[t].equals(smallSizeQuery Term))|
FileInputStream fin2 = new FilelnputStream(new File("C/meanings™ + query TermsArayt)
+".txt"));
InputStreamReader read2 = new InputStreamReader(fin2, “utf-8");
BufferedReader rd2 = new BufferedReader(read2);
String line2;
StringBuffer sb2 = new StringBuffer();
while ((line2 = rd2.readLine()) != null) {
sb2.append(line2);
)
rd2.close();
sentence2 = sb2.toString():
for(int j=0; j<sentence.length; j++){
if(sentence2.contains(sentence[j])){
commonTerms = commonTerms + " * + sentence[j];

]

}
H
}

String[] commonTermsArray = commonTerms.split(" “);
if(commonTermsArray.length >= 8){

commonTerms ="";
for (int x=0; x<8; x++){ &
commonTerms = commonTerms + common TermsArray[x] + * 7
)
)
else
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for(int x=0; x<commonTermsArray.Icnglh; x++)(
commonTerms = commonTerms + commonTermsArray[x] + * *,

}
)
return commonTerms;
]
public static IndexReader getReader(Directory index) throws 10Exception |
return IndexReader.open(index);
)
//returns expansion terms for a given query term from all of the terms in~ *
/lthe first 10 retrieved relevant document set
public static String expand(String queryTerm, String termsToSelectFrom) throws Exception |
String[] termsToSelectFromArray = termsToSelectF rom.split(” ),
String expandingTerms = "":
String x ="";
for(int i=0; i<termsToSelectFromArray.length; i++)
if(!termsToSelectFromArray[il.isEmpty()  && !termsToSelectFromArray[i].contains("C ")  &&
!termsToSelectFromArray[i].contains("0") ){
int docCount = hitCount("(" + query Term + " AND " + terms T oSelect] romArray[i] + )%),
if(docCount >= 1){
expandingTerms = expandingTerms + termsToSelectFromArray[i] + ** + docCount + * *,
}
else{
}
}

}
if(expandingTerms.endsWith(" *)){ A
expandingTerms = expanding Terms.substring(0, expanding erms lastindex O™ ")),
}
if(expandingTerms.contains(" ")){
String[] expandingTermsArray = expandingTerms.split(" )
for(int t=0; t<expandingTermsArray.length-1; t++){
for(int j=0; j<expandingTermsArray.length-1; j++){
String[] rank1 = expandingTermsArray[j].split("-");
String[] rank2 = expandingTermsArray[j+1].split("-");
if(Integer.parselnt(rank 1[1]) < Integer.parselnt(rank2[1])){
String temp = expandingTermsArray[j]: i
expandingTermsArray[j] = expandingTermsArray[j+| -
expandingTermsArray[j+1] = temp:
]
}
} YL LA™
String[] value = expandingTermsArray[O].sglxt( =)
for(intj=0;j<expandingTennsArray.lengtlt: JH‘)(- y
String[] check = expandingTermsArray[j].split("-"):
if(Integer.parselnt(check[1]) != Integer.parselnt(value[ I])){

x = x + expandingTermsArray[j] + " "

}
]
return x;
)
elsef{
return expandingTerms:



}
]
public static String order(String expanding Terms)
String x ="",
i1‘(expandingTerms.comains(" "N
; y.length-1; t++)(
for(int j=0; J<expandingTermsArray.length-1; i+
String[] rank1 = expandingTermsArray[j].split("-");
String[] rank2 = expandingTermsArray[j+1 ].split("=");
if(Double.parseDouble(rank [1]) < Doublc.pnrscl)oublc(mnu( I
String temp = expanding TermsArray[j;
expandingTermsArray[j] = expandingTermsArray[j+1];
expandingTermsArray[j+1] = temp;
)
}
}
for(int j=0; j<expandingTermsArray.length; j++){
X =x + expandingTermsArray[j] + " *;
}
return x;
]
else{
return expandingTerms;
)
} public static int hitCount(String searchString) throws 10Exception, Parsel xception,Exception |
DefaultListModel mod;
Query query = null;
Boolean error = false;
Hits hits = null;
mod = new DefaultListModel();
Directory directory = FSDirectory.getDirectory("C/expansion_index”);
IndexSearcher indexSearcher = new IndexSearcher(directory ).
QueryParser queryParser = new QueryParser("contents”, new AmharicAnalyzer()).
try {
query = queryParser.parse(searchString);
} catch (ParseException e) {
System.err.println("Error parsing query ...");
e.printStackTrace():
error = true;
)
if (error == false && indexSearcher != null) {
try {
hits = indexSearcher.search(query):
) catch (Exception e) {
System.err.printin("Error when searching .."):
e.printStackTrace():
error = true;
}

H
int hitCount = hits.length():

if(hitCount>0){
return hitCount;

}
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elsef
return 0;
)
}
//main function to write function and run
public void assignWeights(WcighlingModeI QEModel){
// Set required statistics to the query expansion model
QEModel.setNumberOfT: okens(this.numberOfTokens);
QEModcl.setAverachocumcntlxnglh(this.avmchocummll.mmh ).

QEModel .setNumberOiDocumcms(this.numbcrOﬂ)ocummu).
/I weight the terms

int posMaxWeight = 0;
Object[] arr = query TermsArray.getValues(),;
ExpansionTerms1[] allTerms = new ExpansionTerms I [arr.length);
final int len = allTerms.length;
for(int i=0;i<len;i++){
allTerms[i] = ( ExpansionTerms|)are[i);

for (int i=0; i<len; i++){ .
try{
iftall Termsi].getDocumentFrequency( )<= EXPANSION_MIN _DOCUMENTS)
allTerms[i].set WeightExpansion(0);
continue;
}
double TF = 0;
double Nt = 0;
lexicon.findTerm(all Terms(i] get TermID());
TF = lexicon.getTF();
Nt = lexicon.getNt();
allTerms]i].set WeightExpansion(QEModel weight(
allTerms[i]. withinDocumentFrequency,
totalDocumentLength, Nt, TF));
if(all Terms[i].get WeightExpansion() >all Terms[posMax Weight] get WeightExpansion())
posMaxWeight = i;

} catch(NullPointerException npe) { .
//TODO print something more explam_:lop here , k
logger.fatal("A nullpointer exception occured while assigning weights on expansionterms
iteration: "+"i =" + i,npe);
J

]
// sort the terms by weight : . "
normaliser = allTenns[posMaxWe:ght].gctWetghlExpu;um ) &l
if (QEModel PARAMETER_FREE
QEModel SUPPORT PARAMETER_FREE_QE){

e 1. FreeNormaliser( :
s QEMO:,‘,Tmuwwl.gawnmwmvn.

numberOfTokens, totalDocumentLength):
if( logger.islnfoEnabled())( e
logger.info("parameter free query expansion.”).
!

! ; :
Iexicon.ﬁndTerm(alITerms[posMaxWelghl].mlD)

iflogger.isDebugEnabled(){
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logger.debug("term  with the maximum weight: " i
1 + " "
Rounding.toString(normaliser, 4)); il s gk g ‘

for (inti=0; i< len; i++){

allTerms[ i].setWeightExpansion( all Terms[i). get Weightkx pansion()/normaliser)
. /fexpanded Term[i].normalisedf requency . .
terms|i].getWei ghtExpansion()/normaliser;
if (!QEModcl.PARAMETER_F REE)
allTerms[ i].scthigh(ExpansioMallem[i].gﬂWciwuixpﬂtm )
: normalisedFrequency *= QEModel ROCCHIO BETA;
)
public double getExpansionWeight(int termld, Expander model) {
double score = (;
Object 0 = terms.get(termld);
if (0 = null)
{
double TF = 0
double Nt = 0;
lexicon.findTerm(termld);
TF = lexicon.getTF();
Nt = lexicon.getN1();
score = model.score(((ExpansionTerms 1)o). get WithinDocumentF requency (),
TF,
this.totalDocumentLength,
this.numberOfTokens,
this.averageDocumentLength

5

)
return score;
)
public double getExpansionWeight(double termld){
Object 0 = terms.get(termld);
if (0 == null)
return -1;
return ((ExpansionTerms1)o).get WeightExpansion():
}
public double getExpansionProbability(double termld) {
Object o = terms.get(termld);
if (0 ==null)
return -1;
return ((ExpansionTermsl)o).gctDocumm:Frequmcy( ) / totalDocumentLength;

-

} . .
public void insertTerm(double termID, double withinDocumentFrequency) |
final ExpansionTerms| et = terms.get( termlD);
if (et == null) ;
: terms.put(tcrmlD.ncwExpansionTamsI(lcrmll). withinDocumentF requency )).

else
et.insertRecord(withinDocumentFrequency ).

} .
ic voi jonDocuments(int value) {
public void setNumberOfExpansion L ‘
NUMBER_OF_EXPANSION_DOCUMENTS value;

}
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public static void main(String(] args) throws 10Exception, Exception|
}
)

Written code for Statistical co-occurrence based query expansion
package ambharicir;
/**
* @author zish
*/
import org.apache.lucene.index. TermEnum:
import org.apache.lucene.index.IndexReader:
import java.io.*;
import org,apache.Iucenc.queryParser.ParscExccplion;
import org.apache.lucene.queryParser.QueryParser;
import org.apache.lucene.search. Hits;
import org.apache.lucene.search.IndexSearcher:
import org.apache.lucene.search.Query;
import org.apache.lucene.store.Directory;
import org.apache.lucene.store.FSDirectory;
import javax.swing.*;
public class Expander {
//returns index terms from a given index
public static String returnndex Terms(String index) throws 10Exception|
StopStemmer stopStemmer = new StopStemmer();
Directory directory = FSDirectory.getDirectory(index);
IndexReader indexReader = getReader(directory);
TermEnum termEnum = indexReader.terms();
String term ="";
while(termEnum.next()){
if (!stopStemmer.isStop(termEnum.term().text())){
if(!termEnum.term().text().toString().contains("0")
ltermEnum.term().text().toString().contains("C:"))
term = term + termEnum.term().text() +

",

)
}
return term;
}
//returns common terms for the whole query
public static String returnCommonTerms(String query Terms)throws l::\ccpuon:
String[] queryTermsArray = QueryTokenizer.tokenizeQuery(query Terms),

String sentence2 = "";
long smallSize = 0;
String smallSizeQueryTerm ="";

String commonTerms = ""; .
//selects a query term with the smallest number of expanding terms

for(int i=0; i<queryTermsArray.length: i*’*)_{. Rt ek
File x = new File("C:/meanings/" + query TermsArray[i] + “.txt7);
if(smallSize == 0){
smallSize = x.length(); ;
smallSizeQueryTerm = queryTermsArray[i];
}
else if(smallSize > x.length(){

smallSize = x.length(): 'y
smallSizeQueryTerm = query TermsArray [i]:
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}
}
FileInputStream fin = new FileInputStream(new Filc("C;/n,wn,'ng¢ + smallSizeQuery Term +* txt™)):
InputStreamReader read = new lnputSlreachadcr( fin, "utf-8");
BufferedReader rd = new BufferedReader(read);
String line;
StringBuffer sb = new StringBuffer();
while ((line = rd.readLine()) 1= null) {
sb.append(line);
)
rd.close();
String[] sentence = sb.toString().split(" "):
for(int t=0; t<queryTermsArray.length; t++){
if(!commonTerms.equals("") && t!=(query TermsArray.length-1)){
sentence = commonTerms.split(" ");
commonTerms ="";
)
if'(!qucryTermsArray[t].cquals(smalISizeQucrchrm)){
FileInputStream fin2 = new FilelnputStream(new File("C:/meanings/™ + queryTermsArray(1)
+".txt"));
InputStreamReader read2 = new InputStreamReader(fin2, “utf-8").
BufferedReader rd2 = new BufferedReader(read2);
String line2;
StringBuffer sb2 = new StringBuffer();
while ((line2 = rd2.readLine()) != null) {
sb2.append(line2);
)
rd2.close();
sentence2 = sb2.toString();
for(int j=0; j<sentence.length; j++){
if(sentence2.contains(sentence[j])){
commonTerms = commonTerms + " " + sentence[j]:

}

}
}
}

String[] commonTermsArray = commonTerms.split(" "):
if(ccommonTermsArray.length >= 8){
commonTerms ="";
for (int x=0; x<8; x++){ L
commonTerms = commonTerms + commonTermsArray[x] + * "

}
}

else{
for(int x=0; x<commonTermsArray.length: x++){ DS
commonTerms = commonTerms + commonTermsArray[x] :
)

}

return commonTerms;

}

//reads index s, R on |
public static IndexReader getReader(Directory index) throws [OExceptic

return IndexReader.open(index);
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]
//returns expansion terms for a given query term from all of the terms in
/lthe first 10 retrieved relevant document set
public static String expand(String queryTerm, String termsToSelectFrom) throws | xception |
String[] termsToSelechromArray = lermsToSclcctFrom.splil( o -
String expandingTerms = "";
String x ="";
for(int i=0; i<termsToSelectFromArray.lcnglh; i++){
if('termsToSelectF romArray[il.isEmpty() && !tcrms‘l‘oScIccll-'mm/\mn)||] contains("C:") &&
ItermsToSelectF romArray[i].contains("0") ){
int docCount = hitCount("(" + queryTerm + " AND " 4 termsToSelectFromArray[i] + *)*):
if(docCount >= 1){
expandingTerms = expanding Terms + termsToSelectFromArray[i] + "= + docCount + * *
)

else{

}
}
}
if(expandingTerms.endsWith(" ")){
expandingTerms = expanding Terms.substring(0, expanding Terms. lastIndexOf(* *)),
}
if(expandingTerms.contains(" ")){
String[] expandingTermsArray = expandingTerms.split(" ");
for(int t=0; t<expandingTermsArray.length-1; t++){
for(int j=0; j<expandingTermsArray.length-1; j++){
String[] rank1 = expandingTermsArray[j].split("-");
String[] rank2 = expandingTermsArray[j+1].split("-");
if(Integer.parselnt(rank 1[1]) < Integer.parseInt(rank2[ 1])){
String temp = expanding TermsArray|j];
expandingTermsArray([j] = expanding TermsArray[j+1];
expandingTermsArray[j+1] = temp;
)
)

S}tring[] value = expandingTermsArray[0].split("-");

rOr(intjzolj<expandinch:rmsArray.length:j++.){ .
String[] check = expandingTermsArray[j].split("-");
if(Integer.parselnt(check[1]) != Integer.parselnt(value[ 1])){

"o,

x = x + expandingTermsArray[j] + " ":
}
)
return x;
}
else{
return expandingTerms;
]
}

//orders expansion terms according to their similarity with a query term

public static String order(String expandingTerms){

Stringx =""; o

if(expandingTerms.contains( ; R
String[] expandingTermsArray = expandingTerms.split(

for(int t=0; t<expandingTermsArray.length-1; t+4){
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for(int j=0; j<expandingTermsArray.lcngth-l; )
String[] rank1 = cxpandinchmlsArray[j].splil("-");
String[] rank2 = expandingTermsArray[j+1].split("."):
if{Double.parseDouble(rank I[1]) < Double.parseDouble( rank2(1])){
String temp = expandingTermsArray(j);
expandingTermsArray(j] = expandingTermsArray[j+1);
expandinchrmsArrayU+l] = temp;
}
}
}
for(intj=0;j<expandingTermsArray.lcngth;jH){
X = X+ expandingTermsArray[j] + " ";
)
return x;
}
elsef
return expandingTerms;
]
}

//counts the number of relevant documents found for a given search string -
public static int hitCount(String searchString) throws 10Exception, ParseException, Exception |
DefaultListModel mod;
Query query = null;
Boolean error = false;
Hits hits = null;
mod = new DefaultListModel();
Directory directory = FSDirectory.getDirectory("C:/expansion_index”),
IndexSearcher indexSearcher = new IndexSearcher(directory);
QueryParser queryParser = new QueryParser("contents”, new AmharicAnalyzer( ),
try {
query = queryParser.parse(searchString);
} catch (ParseException e) {
System.err.printIn("Error parsing query ..."):
e.printStack Trace();
error = true;

}

if (error == false && indexSearcher != null) {
try { ,
hits = indexSearcher.search(query);
} catch (Exception e) {
System.err.println("Error when searching .."):
e.printStackTrace();
error = true;
)

}
int hitCount = hits.length();

if(hitCount>0){
return hitCount;
}
else{
return 0;
}
}

//main function to write function and run

111



public static void main(String|] args) throws lOExccplion.lixccplion(
)
}

Written code fer Bi-gram based query expansion
package amharicir;
‘/**
* (@author zish
*
public class Bi_GramExpander {
public static String bi_GramExpand(String query, String docs) throws Exception|
String[] queryTerms = QueryTokcnizer.(okcnizc()ucry(qucry):
String firstQueryTerm = queryTerms[0];
String expandingTerms = "";
String finalExpandingTerms = "";
AmharicStemmer stemmer = new AmbharicStemmer();
String[] doc = docs.split(" ");
for(int t=0; t<queryTerms.length; t++){
ift!queryTerms[t].equals(firstQueryTerm)){
expandingTerms = expandingTerms + "==="
)
finalExpandingTerms = ""; 3
String tempExpandingTerms = Bi_gramThesaurusMakcr_l.gcl[ixpunsinn'l'crm\(qucr) Terms(t], doc);
String[] expandingTermsArray = tempExpandingTerms.split(" *);
finalExpandingTerms = finalExpanding Terms + queryTerms[t] + "<" + 100 + " "
for(int j=0; j<expandingTermsArray.length; j++){
double probability
Bi_gramThesaurusMaker _1 .getProbability(expanding TermsArray|j],tempExpanding I erms),
if(probability > 0.0){
if(!finalExpandingTerms.contains(expanding TermsArray[j]))
finalExpandingTerms = finalExpandingTerms + expanding TermsArray[j] + *" + probability
F
}
}

System.out.println("order is called"); 1ag

String fExpandingTerms = Expander.order(finalExpanding Terms).

if(fExpandingTerms.endsWith(" ")){ b b
fExpandingTerms = fExpandingTerms.substring(0, fExpanding Terms. Jastindex O™ ")),

) _ s

expandingTerms = expandingTerms + fExpandingTerms + o}

String[] separateExpandingTerms = fExpandingTerms.split(" *):

String separateTerms="";

for(int a=0; a<separateExpandingTerms.length: a*.-+)(l
String[] term = separateExpanding Terms[a].split("-").
separateTerms = separateTerms + term[0] + " ™.

}

if(separateTerms.endsWith(" "){ &
separateTerms = separateTerms.SubString(O.scparatcTcrms.laslln(k\()ﬂ )3

}
if(expandingTerms.endsWith(" ")){ . ; I,
exgandingTerms = cxpandinchrms.substnng(O.cxpandmchrms.Ia«lndc\ fl

}

expandingTerms = expandingTerms +
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}

return expandingTerms;

String tempReformulatedQuery = rcformulatchucry;
String finalExpansionTerms = b
int alternateNoOfT, ermsToSelect = (;
String[] separation] = cxpansionTcrms.splil("==x"):
int noOfTermsToSelect = 13/separation].length;
for(int i=0; i<separationl.lcnglh; i++){
finalExpansionTerms = "":
String[] separation2 = separation 1[i].split("---");
if(!separation2| 1].contentEquals(" )]
String[] termsToSelectFrom = separation2[ 1].split(" *)
if(termsToSelectF: rom.length >=n00fTermsToSelect)(
alternateNoOfTermsToSelect = noOf TermsToSelect;
H
else{
alternateNoOfTermsToSelect = termsToSelectFrom. length;

)
for(int j=0; J<alternateNoOfTermsToSelect: JH
finalExpansionTerms = finalExpansionTerms + termsToSelectFrom[j) + " *;
}
String[] finalExpansionTermsArray = finalExpansionTerms.split(" “);
if{finalExpansionTermsArray.length >= 2){
tempReformulatedQuery = lcmpRefnrmulatcd()ucry‘rcplncc(ﬁnull:\pammnlcrm\/\na_\ll]A
finalExpansionTerms);
)
}
}
return tempReformulatedQuery;
)
//main function to write function and run
public static void main(String[] args) throws Exception |
)
}

Written code for Bi-gram thesaurus based query expansion
package amharicir;

/**

*
* @author zish
*/

import java.io.File;

import java.io.*;

import org.apache.lucene.analysis.*; {

ublic class MakeBi_gramThesaurus .

! public static void makeBi_gramThesaurus() throws Excc?tlo? I' -
FileOutputStream fout = new FileOutputStream(new f'"cn( Cf-’s")'
OutputStreamWriter rt = new OutputStream Writer(fout, "utf-87);
BufferedWriter rtt = new Buffered Writer(rt): 5 3
String terms = Expander.returnindexTerms("C:/sample_index").

String[] index Terms = terms.split(" "):
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for(int i = 0; i< indexTerms. length; i+4){
if(!indexTermsi].contains(" ") & i i o indev T, : e
!indexTerms[i].contains("O")){ S oeTemali] squals(") &4 findex'Termf) contains"C:*) &
rtt.newLine();
rlt.write(indexTerms[ i] + ")
int countk = (;
int countk1 = ;
double probability = (.0;
int breakFactor = (;
for(int j=0; j< indexTerms.length; j++){
if(breakFactor == 1){
break;
} .
if(! indexTerms]i].contains(" ") && lindexTerms[i].equals(") && !index Terms(i).contains(*C:*)
&& !indexTerms[i].contains("C:") && lindexTerms|i].contains("0") && lindex Terms(j].contains("0") &&
lindexTerms(j].equals("")){
//m.write("|"+indexTerms[i] +"and" + indexTerms[j]+"|");
String sampleDocs = "Ci/sample/1Kings 01.txt C /sample/Ecclesiastes_06,tx1™;
String[] docArray = sampleDocs.split(" ");
for(int x=0; x<docArray.length; x++){
FileInputStream fin = new FilelnputStream(new File(docArray[x]));
InputStreamReader read = new InputStreamReader(fin, "utf-8");
BufferedReader rd = new BufferedReader(read):
String line;
StringBuffer sb = new StringBuffer();
while ((line = rd.readLine()) = null) {
sb.append(line);
}
rd.close();
String sentence = sb.toString();
Token token = null;
AmbaricTokenizer tk = new AmharicTokenizer(new StringReader(sentence));
String tokens = "";
while((token = tk.next()) = null){
tokens = tokens + token.term() + "
/}/String[] tokensArray = QueryTokenizer.tokenizeQuery(tokens);
String[] tokensArray = tokens.split(" "):
System.out.printin(indexTerms[i] + " and " + indexTerms[j]):
countk = 0;
for(int k=0; k<tokensArray.length: k++){
System.out.printIn(tokensArray[k]):
if(tokensArray[k].equals(indexTerms[i])){

if(k < tokensArray.length-1){
if(tokensArray[k+1].equals(indexTerms[j]) || tokensArray[k-1].equals(index Terms{jP)

System.out.println("yes" + tokensArray[k+1] + " or " + tokensAmmay[k-1] + * equals
+indexTerms[j]);

countk++;
System.out.printIn("countk =" + countk);

countk 1++; : '
System.out.printIn("countk+1 = + countk1);

probability = countk I/countk;

if (probability > 0.5){ !
rtt.write(indexTerms[j] + =" + probability);
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breakFactor = |;

break;
}
)
elsef
countk++;
}
H
else{
il‘(tokensArray[lr.-l].cquals(indcx]‘crms[j]))(
countk++;
countk [++;
probability = countk 1 /countk:
if (probability > 0.5){
rit.write(indexTerms[j] + *." + probability);
breakFactor = |;
break;
]
}
elsef
countk++;
)
)

]
)
* if(countk 1= 0){
probability = countk I/countk;
}
System.out.print("for" + indexTerms[i] + " and " + indexTerms[j] + * probability = * + probability
+ "with countk =" + countk + " and countk] = " + countk+1);
if (probability 1= 0.0){
rtt.write(indexTerms[j] + "-" + probability);
)
*/
} .
]
]
}
rtt.close();
]
public static void main(String[] args) throws Exception
final File docDir = new File("C:/sample");
String txtDocs = "b";
makeBi_gramThesaurus();
]
H
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