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Abstract
The main aim of an information retrieval system is to extract appropriate information from
enormous collection of data based on user’s need. In this research, we were concerned on
text information retrieval for Silt’e language. We discussed its basic morphological features
that have effect on the implementation and performance of information retrieval systems. In
detail, we discussed about the model we used, that is the Vector Space Model, the
architecture, prototype development tool and evaluation of the developed prototype.
Different text preprocessors are offered by Apache Solr. For our prototype implementation
we used the Apache Solr’s standard tokenizer, standard stopword removal algorithms and
term weighting and similarity computing functions. The prototype is evaluated using the
corpus that was prepared from Silt’e school text books. We used ranked retrieval evaluation
techniques which are average precision and mean average precision. The experimental
analysis shows that the obtained mean average precision 81.4% result is encouraging to

develop vertical Silt’e text information retrieval systems and Silt’e search engines.
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CHAPTER ONE

The problem and its background

1.1. Introduction
Information retrieval deals with the representation, storage, organization of and access to
information items. The representation and organization of the information items should
provide the user with easy access to the information in which he is interested (Ricardo,
2011). Accessing the desired information depends on efficiency of the retrieval system
designed for a particular language. As a result, in this study we designed text retrieval system
prototype for the Silt’e language. In this chapter all aspects of the study such as background
of the study, the problem statement, objectives, methodology, scope, limitation and purpose

of the study were discussed.

1.2. Background of the study

Silt’e is an Ethiopian language that is used as a medium of instruction (MOI) at elementary
schools and given as a subject in junior and secondary high schools in the Silt’e Zone since
1995. The Zone administration decided to use the langue as a working language since 2014.
It is the South- Ethio-Semetic language family and use Saba Ge’ez (Ethiopic script).

Information retrieval systems are designed to facilitate access to stored information. In
addition, they are concerned with the representation, storage and organization of information
items. The components of information retrieval system consists of a set of information items,
a set of requests and a mechanism to determine which information items are most likely to
meet the requirements of the requests. Basically, users of information state their information
needs in the form of queries and submit their queries to the information retrieval system.
Based on, the user queries the system output information item that is relevant to the user
query. In other word, the items that have common entries in both the database and users
query are returned to users. This happens when a matching exists between queries and

information items. It is difficult to specify information that is needed using exact query



terms. The most critical language issue for retrieval effectiveness is the term mismatch
problem. The indexers and the users do not often use the same words. To attain a match
between these two components, the items in the documents as well as in the query should be
represented in some form (Uma, 2014).

Usually, information retrieval systems do not work on the documents themselves, but on
representations or abstraction. Therefore, deciding whether a document is relevant to a query
depends on the kind of representation that is being used for the document and the query.
Almost all existing information retrieval systems simply represent documents and queries as
a ‘bag-of-words’ with its weight. When users give some query to the system the system tried
to match those documents which have terms in the query and the documents will be

automatically retrieved but not otherwise (Wordofa, 2013).

There are various methodologies and techniques tried so as to make effective and efficient
way of retrieving documents from very large and unstructured corpus. Some of the scientific
approaches to resolve the problems are ontology based IR, latent semantic indexing, query
expansion and reformulation, statistical method for semantic indexing, and others (Ricardo,
2011).

Different models are used to develop information retrieval system. Among them Vector
Space Model has been applied in many information retrieval systems. It is an algebraic
model for representing text documents as vectors of identifiers. It is used in information
filtering, information retrieval, indexing and relevancy rankings (vector_space_model, 2016).
It has a number of advantages over the standard Boolean model. It is simple model based on

linear algebra and allows ranking documents according to their possible relevance.

1.3. Statement of the problem
Digital unstructured Silt’e text documents in government organizations and schools increase
from time to time in the Silte zone. The growth of digital text information makes the
utilization and access of the right information difficult. Therefore, a tool needed to store,

organize and helps to access Silt’e text digital text information.

Large numbers of Silte people leave their birth place for work and became urban or semi-

urban inhabitants. This number increase from time to time, so accessing Silt’e information by
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this portion of the population and others those who go to Silt’e zone for work from different
parts of Ethiopia is very difficult, because there is no tool that provide Silte information

easily.

The other very important issue is that urban resident of the population uses other languages
for communication and information exchange. As a result they fail to recall their native
language and culture, especially the young generations. This situation may result in the
disappearance of the language and cultural aspects of the nation thorough a long time. To
reduce this risk information regarding the zone’s social, cultural, economic and political
activities need to be preserved in digital format for generations to come and make easily

accessible.

In the backdrop of the above discussion, we designed corpus based Silt’e language text
information retrieval system prototype to overcome the stated problems or showcase how
access to digital resources in Silt'e language can be initiated. Hence, the research find

answers for the following research questions.

» What are the linguistic features of the Silt’e language?

» Which text operations and indexing procedures are suitable to organize the Silt’e
corpus?

> Is vector space model techniques implemented in Apache Solr appropriate to design

effective Silt’e text retrieval system?

1.4.0bjectives of the study

1.4.1. General objectives
The main objective of this research is to examine the possibility of developing Silt’e text
information retrieval system that can enable users to access the desired document that

contains relevant information from the corpus based on vector space model.

1.1.2. Specific objectives
The following lists are specific objectives of this study.

» To investigate the semantic and syntactic structure of the Silt’e language

» To review literatures to get adequate understanding of the topic area
3



> Develop a prototype to demonstrate search of documents in Silt'e language given

specified user queries.
» Evaluate performance of the developed prototype

» Recommend future work directions for further investigations

1.5. Scope and limitations of the study
The main focus of this study is to design a prototype to experiment an information retrieval
system that effectively searches from Silt’e text collection. To provide relevance conclusion
with enormous documents takes more time. Therefore, in this study we used sample

document sets to give relevance conclusion of the prototype.

1.6. Significance of the study
Applying current information retrieval technologies for Silt’e language has several benefits.
It enables Silt’e speakers retrieving text documents efficiently, effectively and it used as a
foundation for other researchers who want work on this area. The researcher developed skill
to solve critical problems found in the society by applying scientific procedures.

1.7. Research methodology
In this section we list research methods used to answer the research questions. The detailed
discussions about the methodologies are presented in chapter three. It covers the data
collection methods and research procedures.

1.7.1. The test collection
A digital text documents are one of the resources we used to test the prototype. For this
purpose mainly school text books prepared in Silt’e language and different reports from Silte
culture and tourism bureau were used. The collection consists of 99 documents in different

topic.

1.7.2. Indexing method
In this study we preferred inverted index document representation technique, because it is the
most popular data structure used in document retrieval systems. The indexing process passes
four stages to create the indexed file. These steps are document collection, tokenization,

linguistic preprocessing and indexing the documents.
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1.7.3. Performance evaluation
Evaluating the degree of relevancy between the retrieved search result and the actual user
need is important concept in information retrieval systems. We used relevance based
evaluation measures to test the performance of the system prototype. Out of the relevance
based evaluation measures for our research we choose the traditional precision-recall and F-

measure approaches.

1.7.4. Prototype development tool
The development area is Windows environment and the package used is Apache Lucene Solr
(ALS). Apache Solr is highly scalable search platform built using Apache Lucene. It is
written in Java and runs as a standalone server (Dikshant, 2015). It is extensively used for

indexing a large collection of documents and supporting full text search.

1.8. Thesis organization
We arranged this thesis work in five chapters. The first chapter presents the problem and its
background. The main objectives and specific objectives, scope, limitation, significance and
research methodology were discussed in this chapter. Chapter two is dedicated to describe
literature review. The basics of the Silt’e language, overview of information retrieval system,
information retrieval models, general process in information retrieval system and related
works were discussed in this chapter. In chapter three applied research methodologies like
collection organization, vector space model concepts, collection indexing, performance
evaluation, Silt’e information retrieval system architecture, prototype development tool and
Silt’e text processing were briefly discussed. Experiment and discussion were presented in

chapter four. The last chapter covered conclusion and recommendations.



CHAPTER TWO

Literature Review
2.1. Introduction to Silt’e language

Information retrieval research process comprises many aspects. Among those aspects
understanding the language basics are the most important one. As a result, in this section we
discussed the Silt’e language basics clearly and precisely. To done this we referred Silt’e

language school text books and researches conducted on the Silt’e language.

Silt'e is a Semitic language mainly spoken in Southern Nations, Nationalities and People’s
Region in the Silte Zone. Some Silt’e speakers settled in other parts of the country,
particularly in Adama, Addis Ababa and Jimma. The Silt’e language is given the
International Standard for Language (1ISO 639_3) code of STV (Semitic South Transverse).
The secondary level (L2) literacy of the language reaches 17%. The literacy has been
increasing, because it is used as a medium of instruction in primary schools from grade 1-4

and taken as a subject from grade 5-12.

2.1.1. Silt’e dialects
The Silt’e language consisting of four dialects, these are Azernet-Berbere, Silti, Wuriro and
Ulbareg. These four differences are determined on topographical region. They are grouped in

to four dialect families but, strong similarity exist among them (Lewis, 2016).

2.1.2. Silt’e writing system
The accurate period that the Ge’ez character set were used for Silt’e writing system is not
known. However, since 1980s, Silt'e has been written in the Ge'ez alphabet, or Ethiopic
script, writing system, originally developed for the now extinct Ge'ez language and most
known today in its use for Amharic and Tigrigna (Silt'e_language, n.d). Portion of the Ge’ez

(Ethiopic) alphabets and their phonetic order are shown in the following table.



1order |[2"order |3™@order |4™order |5"order |6"order | 7" order
U ha v~ hu Y hi Y  haa % he v hi ¥ ho

a e & lu A i A la hn e A i e lo
ap  me ao- mu . mi T ma T, me 9o mi ® mo
L ore & ru 6 ai &ora 6ore C i c ro

an se su (L Si 4 sa 0 se 0 Si n so

Table 2. 1 Phonetic order of Ge'ez alphabets
2.1.21. Silt’e vowels

In the Ge’ez scripts only seven vowels are distinguished, but in written Silt’e these Seven

vowels are mapped onto ten Silt'e vowels, these are the five short vowels &[a], a[o], A[i],
k[u], k[e] and five long vowels A[aa], kk[o0], AJ[il], &&[uu], kk[ee] (Kedir, 2012).The

following practical example illustrates Silt’e language vowels clearly (Silt'e_language, n.d).

> 4 — a: hid. alafa 'he passed’

> u— u, uu: @>++ mut 'death’, muut 'thing'

i—
< 12 A7 1in 'eye’
< word-final i: e»¢ mari 'friend'
< i ending a noun stem: evgh marika 'his friend’
< impersonal perfect verb i suffix: QA. baali 'people said’; N0A.9° babaalim 'even
if people said'
a — aa: D¢ gaaraas 'your (f.) house'
e — ¢, ee: hd, eeffe 'he covered'
°0—
< 1 (except as above): A7C ingir ‘foot'
< consonant not followed by a vowel: A0t asroost 'twelve'

0 — 0, 00: $ebr k'oc'e 'tortoise', k'ooc'e 'he cut'



2.1.2.2. Silt’e consonants
Silt’e language has twenty six consonants which are similar with other Ethiopian Semitic
languages (Kedir, 2012). There are ejective consonants in conjunction with plain voiced and
voiceless consonants and these can be reduplicated after a short vowel.

v a4 |m & a |@ |[¢ (a0 |+ |F v |7 | A
[hl I pim el IstjIst {Tal [Ibl (el | fcl |In] | In] la]
h |0 |H o |¢ |& |E |17 | |@& |& |& |T
Kl (Iwl (lzl {1zl Iy rdp (il plel flel {lel |Ipl | If] |Ip]

Table 2. 2 Silt’e consonants

2.1.3. Silt’e grammar

In linguistic, a grammar deals about the set of fundamental rules governing the arrangement
of words in any specified natural language (Grammar, 2016). Like other natural languages,
Silt’e has its own grammatical rules and syntax. Mostly used grammatical indicators in Silt’e
language are gender, number, definiteness, personal pronouns, adjectives, adverbs,
prepositions and negations. The detail descriptions of these indicators are presented as
follow.

e Gender
In Silt’e language gender is the syntactical category with sex. It is determined in a natural
manner; hence peoples and animals assign gender based on their sexual characteristics, but
there are a few words available to express gender for inanimateness. For example gender for
astronomical elements @4(warii) ‘moon’ define the masculine gender and agé-b(ayiriite)
‘sun’ define the feminine gender.

e Number
Silt’e language has formal means to express differences of quantity. Grammatically it uses
the three numbering techniques to express number of nouns and pronouns; these are singular,

plural and paucal. Among those only paucal is marked the rest are unmarked. As an example

8



(.z[siin] refer single or large number of cups, but A.7F[siinca] mention a small number of

cups. Noun paucal in Silt’e formed by suffixation of -F[ca]. The following table shows some

noun paucal.
Noun Suffixation paucal Meaning
me[tayii] -F[ca] MEF tayiica] ‘sheep’
A% F[indaac] -’F[ca] A% tF[indaaciica] ‘women’
hé-N[karaab] -F[ca] he-0F[karaabcaa] ‘oxen’
na.#[baliiq] -F[ca] na.#F[baliigcaa] ‘Elderly men’

Table 2. 3 Paucal formation using suffixation

The other way of forming noun paucal is by reduplicating the last consonant of the noun. The

following table shows this process.

Noun Noun paucal with reduplication meaning
15[ganaa] 15°%[gananoo] ‘horses’
Lc0[darasaa] Lsan[darasasoo] ‘religious student’
1¢%[garajaa] 1¢%2[garajajoo] ‘young females’

Table 2. 4 Paucal formation using consonant reduplication

e Definiteness
Definiteness in Silt’e language is a semantic feature of nouns identifying entities that are
recognizable in a certain context. There are two definite suffixes -A.[ii] for masculine and -
-[te] for feminine. Instead of definiteness function, they also play the numbering role. Look
at, the grammatical expression ®d-k[wesetee] this expression suggest about a single enset

plant and Aeoth Juumatii] denote the large number of peoples in place of its definiteness.



e Personal pronoun

Personal pronouns of the Silt’e language are showed in the following table.

First person Second person Third person
Singular Plural Singular Plural Singular Plural
&U[uuha](m)
h%[ihee] AT[inaa] Ati[aash](f) Akge[atuum] | ‘He’ AU7[uuhun]
‘T ‘We’ ~t[ataa](m) “You’ Ad[iisha](f) ‘They’
“You’ ‘She’

Table 2. 5 Silt’e personal pronouns

Personal pronouns depicted in the table 2.5 also have gender markers. These are defined in

the following table.

First person

Second person

Third person

Singular Plural Singular Plural Singular Plural
h[ee] 1[na] hlhv[aalahaa](m) | Aee[ammu] | h[ka](m) zav<[niimul]
Example Example Example Example Example Example
Mt TImy ‘Our TMA|TINAY M hao- “Imh TImgav-

‘My Brother’ “Your Brother’ “Your ‘His Brother’ | ‘Their
Brother’ Kii[ash](f) Brother’ f[sa](f) Brother’
Example glau
aya ‘Her Brother’
Table 2. 6 Silt’e gender marker for possessive markers
e Adjective

Adjective in Silt’e used to describe characteristics of nouns. By doing this it modifies the

meaning of a noun, so it has important function for daily communication.
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Sample adjectives: &£ [bareeda] ‘beautyfull’ N&& [bareedoo] ‘so beautyfull’
A.977 [iimaan] ‘faith’ ATrF [bareedoo] ‘so faithy’
a0 [siibal] ‘sung’ a4 [bareedoo] ‘singer’

In Silt’e language two techniques are used to form adjectives, these are inflectional and

derivational adjectives.

> Inflectional adjectives
Paucal inflectional adjectives are formed by suffixation of -F[ca] and reduplication of the last

consonant. The following table shows sample inflectional adjectives.

Nouns used to form Suffixation of -F Paucal adjective after | Meaning
adjective suffixation

me[tayii] -F[ca] MeF [tayiica] ‘sheep’

A% F[indaac] -’F[ca] A% TF[indaaciica] ‘women’
he-N[karaab] -F[ca] he-0F[karaabcaa] ‘oxen’
na.#[baliiq] -F[ca] na.#F[baliigcaa] ‘Elderly men’

Table 2. 7 Paucal adjective formed by suffixation

Sample paucal adjective formed by reduplication are given by the following table

Nouns used to form Paucal adjective after meaning
adjective reduplication

15'[ganaa] 15°%°[gananoo] ‘horses’
Lc0[darasaa] Lsan[darasasoo] ‘student’

125 garajaa] 1¢.%.2[garajajoo] ‘young females’

Table 2. 8 Paucal adjective formed by reduplication
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» Derivational adjectives
Silt’e derivational adjectives are derived from nouns using -k7[-anna], -kt+7[-atanna], -

R¥Ex[-aancio], -k[-a], -°[-m] and -aF9°[-ataam]. The following table shows some
denominal adjectives.

-k'7[-anna] -hti[-atanna] | - A¥Ek[-aancio] -k[-a], -?°[-m] -hF9°[-ataam]

Noun | Adjectives | Noun | Adjectives | Noun | Adjectives | Noun | Adjectives | Noun | Adjectives

+t T haq | ha0t+s ATC | T avy @ | e R9e ARl | AT

Table 2. 9 Adjectives derived from nouns

e Adverb
Adverb is part of communication in Silt’e language. It expresses manner, place, time,

frequency and level of certainty. Some Silt’e adverbs are listed in the following table.

Adverb of frequency Adverb of manner | Adverb of place Adverb of time

U-A9° 191 ‘always’ 480 ‘very’ 72 ‘here’ OHe ‘later’

VL.L 1 ‘sometimes ’ hqe “fast’ U3 ‘there’ V@€, ‘today’

(LLI ‘never’ U&7 ‘together’ U-AhT ‘everywhere’ | B0 ‘tomorrow’

Atd. Avds ‘occasionally’ | A0F ‘alone’ Ou0rt “after tomorrow’

Table 2. 10 Sample Silt’e adverbs

e Nouns
Silt’e nouns can end in any consonant or semivowels subject to the general phonological
constraints of the language or one of the short vowels &[a], A[0], &[i], &[u], k[e] (Kedir,
2012). It can be derived from verbs. Morphophonemic changes of nouns with prefix and
suffix are given in the following table.
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Prefix morphophonemic Suffix morphophonemic

Ch+ o= Cha Final vowel of a word is lengthened:-
Example: 1. Before acc.suffix -1[-na].
-0[baa] + @4[waarii] ‘month’ =

n¢[boorii] ‘in a month’

Ch+h = Ch Example:
Example: L[daci] ‘land’= LEei[daciina] ‘our
-([bii] + A79c[ingiir] ‘foot’ = land’
(.79c[biingiir] ‘in a foot’ 2. before pragmatic marker -e»[-m] and
-o[-w]

3. before masculine definite article
Example: emste[cuulo] = smiee

‘cuulooy’

Table 2. 11 Noun morphology with prefix and suffix

e Verb
Silt’e verbs are two types. These are the original verb and derived verb. The derived verb
obtained by inflection and derivation. The original verbs have from two to four radicals.
Sample original verbs are shown in the following table.

Two radical Three radical Four radical
%2[haade] vla[haraasal APAh[awaalaka]
‘go’ ‘plough’ ‘speak’

Table 2. 12 sample Silt’e verbs

The final letter of a verb can be of four kind consonant only, consonant followed by A[a],

non-palatal consonant followed by a[a] and palatalized to &[e].
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2.2.0verview of information retrieval system

2.2.1. Introduction to information retrieval system
The need to access information from the stored collection begins in the early ages before
computers were invented. During that time different researchers tried to develop mechanical
and electromechanical systems which were used to accomplish the searching process. These
mechanical systems continued to be developed and used until the advent of computers when
this approach to information was surpassed (Mark, n.d).
With the growth of digitized unstructured information and, via high speed networks, rapid
global access to enormous quantities of that information, the only viable solution to finding
relevant items from these large text databases was search, and information retrieval systems
became ubiquitous.
Information accessing process begins by formulating queries. The user who wants
information about an object such as text document, video, image and etc. specify query and
provide to the information retrieval system. The system takes the query and process
according to predefined procedures. After processing the system return the relevant result to
the user query.
Most information retrieval systems compute a numeric score on how well each object in the
database matches the query, and rank the objects according to this value. The top ranking
objects are then shown to the user. The process may then be iterated if the user wishes to
refine the query (Information_retrieval, 2016).

2.2.2. Development of information retrieval system
The significance of archiving and searching for information has been realized in thousands
years ago. The concept of applying computers to pursuit significant pieces of information
from the collection was disseminated in the article ‘As We May Think’ by Vannevar Bush in
1945. With the advent of computers, it became possible to store large amounts of information
and finding useful information from such collection became a necessity. The field of

information retrieval was born in the 1950s out of this necessity (Amit, 2001).

Application of computers to information retrieval started at the conference held by the UK’s
Royal Society in 1948. In that conference Holmstrom described the machine called Univac

and he stated that, the machine could process at the rate of 120 words per minute (Mark, n.d).
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It was the first allusion that computers were involved in content searching. This motivates
many researchers to design different projects that improve the searching process using
computers. Among those, Mitchell described a project to model the use of a Univac computer
to search 1,000,000 records indexed by up to six subject codes; it was estimated that it would
take 15 hours to search that many records. The development of document indexing and
retrieving the indexed document used to consider information retrieval as a research
discipline. Considering computers as ultimate tool for search trigger the growth of a
commercial search sector and the consolidation of information retrieval as an increasingly

important research area.

Large Information retrieval research group was formed by Gerard Salton in 1960s at Cornell.
The group produced numerous technical reports, establishing ideas and concepts that are still
major areas of investigation today. The formalization of algorithms to rank documents
relative to a query, documents and queries viewed as vectors within an N dimensional space,
the introduction of relevance feedback, the clustering of documents with similar content; the
statistical association of terms with similar semantic meaning, increasing the number of
documents matched with a query by expanding the query with lexical variations were an IR
innovations and enhancements contributed by these group (Mark, n.d).

The idea of term frequency — inverse document frequency (tf-idf) was introduced and
adopted in 1970s. A number of works done to formalize the retrieval process such as G.
Salton synthesized the outputs of his group’s work on vectors to produce the vector space
model. The manipulation of documents and queries as vectors in a large dimensional space is

still common in the information retrieval process.

Achievements of information retrieval between 1980s- mid 1990s were advancement on the
basic vector space model in to the most well-known Latent Semantic Indexing (LSI). Here
the dimensionality of the vector space of a document was reduced and the Queries were
mapped into the reduced space. Computational linguistic approaches like the syntax of
words, their semantics; addressing anaphora, ambiguity, and named entities were considered
in this period. Stemming algorithms also introduced to match words in to their lexical
variant. As a result many information retrieval systems in different linguistic structure were

tried to develop.
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2.2.3. Information Retrieval Models

Satisfying the users to access information they need by building information retrieval system
is one of the problem solving task in information retrieval field. As any science fields,
information retrieval also has its own models (Akram, 2015). A model is a framework which
helps to understand how some processes are accomplished. Information retrieval models
explain the way how efficient retrieval systems are developed. The main classification of the
information retrieval models are the Boolean Model, Vector Space Model (VSM),
Probabilistic Model (PM), and the Linguistic and Knowledge-based Models (Djoerd, 2009).

22.3.1.  Boolean model
The Boolean model is the first information retrieval model based on Boolean logic and
classical set theory (Standard Boolean_model, 2016). In this model the basic logical
operators used are AND (logical product), OR (logical sum), NOT (logical difference).
Query terms are combined by these operators to access the matching sets of documents.

For example, consider a query Science AND Technology. This query contain two index
terms Science and Technology. The result will return the set of documents that contain the
terms Science and Technology. Here the result set consist only the documents which contain
both terms in the index. Forming query using the OR operator i.e. Science OR Technology
will respond with larger set of documents, because documents with either of terms or all

terms will be retrieved.

The main interesting part of the Boolean model is that it gives users a sense of control over
the system (Djoerd, 2009). Even though the Boolean model was the first model and preferred
by the experts to control the system, it is the most criticized model in terms of different
information retrieval metrics. Among the disadvantages the most one is that it does not
provide the ranking of retrieved documents. It also not retrieves anything if no match exists

between the query and indexed documents.

2.2.3.2.  Vector Space Model
Statistical approach to retrieve information was proposed by Peter Luhn. According to this
suggestion to search a document collection, the document should be represented as alike to

the document which the user needed it. By doing this similarity between the representation of
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the prepared document and the representations of the documents in the collection is used to
rank the search results (Vaibhav, 2015).

The vector space model was developed based on the statistical approach. In this model the
index representation of a text document and a query are used as a vector to filter information
and retrieve it (vector_space_model, 2016). It is representation of index terms and query as
vectors embedded in a high dimensional Euclidean space. In the Euclidean space each
dimension corresponds to a separate term. The following two dimensional Euclidean spaces

visualize the documents (d; and dy) and query (q) vectors.

_______ Edl Ei

Figure 2. 1 Document and query representation on Euclidean space (sorce wikpedia)

The mathematical expressions of the document and query vectors are given by the following

equation.
D ={Dy, Dy, Dts, ..., Dy,
........................ Equation 2.1
Q ={Qu, Qu Qu, ..., Qn
Where
D =is a document
Q = is the query
Dy = term i in the document
Qg =term i in the query
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The vector space model steps are categorized into three basic phases. The first phase is
indexing a document where content relevant terms are extracted from the document. The
second phase involves the weighting of indexed terms to improve retrieval of document
appropriate to the user query. In the third phase similarity measure is performed to rank the

document with the user query (Introduction_to_vector_space_model, n.d).

2.2.3.3.  Probabilistic Model

The other very important information retrieval model is the probabilistic information
retrieval model. As we know in the information retrieval process the user translate their
information need in to query representation and documents are converted in document
representation. Based on these two representations the information retrieval system tries to
decide which document fulfills the information need. In the above two information retrieval
models, matching is done formally based on defined index terms. But a system encounters
the problem of guessing weather a document contain the relevant content which is needed by
the user. The probability theory makes available principled grounds for such reasoning under
indecision (Christopher, 2008).

In this model documents in a collection are ranked based on their probability of relevance to
the query. To accomplish the ranking task there are different techniques are available.
Among theses the most familiar is Bayesian inference network (Gezehagn, 2012). It uses the
Probabilistic Ranking Principle (PRP). By this principle it tries to estimate the probability
that a document will be relevant to a user query. As stated by (Dikshant, 2015), depend on a

query each document can be categorized as relevant or non-relevant P(R|D) or P(NR|D).

The ranking of documents in the probabilistic model can be achieved by the following

expression
Let

» R be the set of relevant document to a query q.

> R’ be the set of non-relevant documents to query g.

» P(R|d;) be the probability that d; is relevant to the query q.

» P(R’|d;) be the probability that d;is non-relevant to the query g.

The similarity sim(d; q) can be defined as
18



P(R|di)
BURL) *~ e

Sim(di, q) Equation 2.2

2.3. General process in information retrieval system
Information retrieval system passes several processing stages to produce the required search
result. These processing stages categorized into two interrelated groups. The first one is
indexing documents and the second one is retrieving the relevant documents (Vikram, 2014).

These basic processing components are presented here briefly.

2.3.1. Indexing
Indexing is the process of extracting terms from the document in a collection and stores it in
specified file format. The main aim of an indexing is to speed up the searching operation.
The major steps it involves are preparing documents to index, tokenize, remove stopwords,

stemming, term weighting and store indexed file (Christopher, 2008).

2.3.1.1.  Preparing documents
Well organized documents are an important element to indexing. It is an enormous set of text
in a given language. In information retrieval research, documents are properly prepared and

stored to do statistical analysis.

2.3.1.2.  Tokenization
Splitting up sequence of text characters into individual tokens is called tokenization.
Consider the statement: ‘A@vt@- A%P1 021 AAPY the tokens after splitting the sentence are
‘havt@ ) ‘ATPY, ‘0LY and ‘AA$r’. Therefor the purpose of tokenization is to breakdown a
document collection in to tokens so that it is easy to match with tokens in the query. As a

result it increases the relevancy of a document to a query.

The challenge of tokenization is that it is a language specific process (Christopher, 2008).
Handling non-separating whitespace like co-worker, phone numbers and date are also

challenged to tokenize.

2.3.1.3.  Stopword removal
Stop word are the most common words found in a language. Majority of text document
accounts large portion of stop words (Tsz-Wai, 2005). For instance 20-30% of English text

document scores of stop word terms (Francis, 1982).
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Information expressed by stopwords is insignificant, so document indexing judgment power
of these tokens in information retrieval process is very low. As a result neglecting all
stopwords tokens when indexing a document and processing the queries make the searching

more efficient.

2.3.1.4. Stemming
All natural languages perform morphological change on some words to express an action
perfectly. For example: Haile run quickly. The word quickly derived from quick by adding
suffix —ly. The inflected words are unproductive for text information retrieval, so the

mechanism used to bring words into their root is stemming.

Stemming is the process of dropping inflected words to their root word. It is performed by
stripping down word suffixes in order to return the word to its normal form (Aslib, 2000). In
general it transforms alteration of words into their most basic pattern. Many researchers

prove that stemming enhance processing capacity of information retrieval system.

Various stemming algorithms have been studied since 1960s (Stemming, 2016). Lovins
stemmer published in 1968 and Porter stemmer published in 1980 are among those
algorithms. Porter’s work proposed suffix removing algorithm and widely used algorithm
especially in English language (Juhi, 2013) , but the rules are simple so it cannot completely
identify English morphology (Wahiba, 2013). Even if different stemming algorithms have
been developed they cannot work for all languages, because stemming is natural language
dependent process. Since all languages have different inflectional and derivational of
morphology of words. Therefore designing stemmers based on each language’s characteristic

is important.

2.3.15.  Term weighting
Term weighting is the most important step in text retrieval process. It is numerical statistics
that detects how much a word is essential to identify a document from a collection. To
accomplish this documents and query are represented by vectors of weighted terms. Text
indexing systems based on appropriate term weighting technique returns a good result
(Salton, 1988). Information retrieval system tries to return relevant documents to a user
query. To achieve this applying appropriate term weighting scheme to increase the

performance of information system plays a great role (Cummins, n.d).
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There are various term weighting methods are exist such as Binary Weights(BW), Raw Term
Frequency(RTF) and term frequency(tf)-inverse document frequency(idf). Term frequency
(th)-inverse document frequency (idf) is a well-known method to evaluate the importance of a
word in a document and a means to convert textual document in to a vector space model
(Jitendra, 2012). It is simple and most applicable in many information retrieval systems. The
main things that should be identified for term weighting calculation are term frequency (tf)

and invers document frequency (idf).

Term frequency (tf) is the number of times a term occurs in a document. The term weight
that takes place in a document is directly related to its frequency in the document (Luhn,

1957). It is a document level measure.

Inverse document frequency (idf) is used to identify whether a term is common across the
corpus or not. A term that occurs in a collection rarely is worthy for discriminating among
documents. This achieved by dividing number of the total document to number of documents

that contain a term and taking logarithm of the quotient.

Term frequency defines local weight and inverse document frequency defines global weight
(khemani, n.d). The combination of these two is used to determine the weight of a term

which is used to index a collection. The tf-idf is expressed by the following equation.
wy =ty Xidft ... Equation 2.5
Where, wj; is weight of a term i in document j.

The final stage in information retrieval process is indexing a collection based on the result
obtained in the term weighting stage. There are different ways of allocating weight to a term
but we prefer the tf-idf approach. Even though information retrieval process has the
discussed steps, we used the following architecture to process Silt’e text. In the architecture

rounded rectangle represents a process and flowchart magnetic disk represents a collection.
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Figure 2. 2 Silt’e text processing steps

2.4.Related Works
The advancement and availability of computing technologies in the 21% century enables to
store huge amount of information and data coming from different sources in digital form. As
a result, it becomes more and more difficult for target users to select contents they desire.
This has an undesirable effect for searching the relevant documents from the entire

collection.

In Ethiopia there are more than 86 languages. These languages are grouped in different
language families and each family has its own scripting and grammar style. A more
documents are available in organizations, schools and on the Internet that are prepared using
local languages. Supporting the target users to access and organize the enormous and
widespread amount of information is becoming a primary issue. Information retrieval
systems ability to retrieve relevant documents became critical due to the existence scripting

difference exists in local languages.



It is difficult to specify information that is needed using exact query terms. The most critical
language issue for retrieval effectiveness is the term mismatch problem. The indexers and the
users do not often use the same words (Uma, 2014).

There are different issues to be considered in designing information retrieval systems such as
the test collection, collection indexing approach, retrieval techniques and performance
evaluation. Performance evaluation is crucial at many stages in information retrieval system
development. At the end of development process it is significant to show that the final
retrieval system achieves an acceptable level of performance and that it represents a
significant improvement over existing retrieval systems (Keneilwe T. , 2012).

Understanding the role of information retrieval technology in the current information age,
different researchers work on many aspects of information retrieval systems for different
Ethiopian languages that can solve the information accessing problems on those languages
and make the retrieving process more efficient.

Gezehagn works on Afaan Oromo language in the objective of designing information
retrieval system that can enable to search for relevant Afaan Oromo text corpus using Vector
Space Model. The methods used in his study were literature review, corpus preparation and
python 2.7.3 programming language to design the prototype. According to the
experimentation he made the system registered 0.575 precision and 0.6264 recall which is
promising to design Afaan Oromo information retrieval system that searches within large
corpus (Gezehagn, 2012)

Ambharic Text Retrieval: An Experiment Using Latent Semantic Indexing (LSI) With
Singular Value Decomposition (SVD) research done by (Tewodros, 2012), to examine the
potential of Latent Semantic Indexing technique in the retrieval of Amharic text documents
and compare its performance with that of exact term matching technique, the standard vector
space. Finally he conclude that except at one recall level, the recall-precision graph of the
Latent Semantic Indexing (LSI) method was above the standard vector method. The biggest
differences between the two approaches were observed at the last two high recall levels (0.90
and 1.00)

The other research work on Ambharic text retrieval was done by (Wordofa, 2013). He
investigated semantic indexing and document clustering techniques to improve the
performance of Amharic information retrieval. His experiment show semantic indexing has

improved the performance of Amharic information retrieval system from 60% to 66% F-
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measure. Moreover, semantic indexing and document clustering reduced computational cost
of the system by 1/k* TermsReductionRatio factor, where K is the number of the cluster.
Probabilistic Information Retrieval System for Amharic Language developed by (Hirpa,
2012), to harness the vagueness problem in query expression observed in previous works
using vector space model of Amharic Information Retrieval system. His system has
registered F-measure of 0.60.

As we have discussed in the above literatures a number of works tried to design information
retrieval system using statistical approach for local languages. Alongside designing
information retrieval systems for those languages, cross-lingual information retrieval systems
were also developed.

A corpus based approach for Afaan Oromo-English Cross-Lingual Information Retrieval
(CLIR) studied by (Bekele, 2011). The result he obtained was a maximum average precision
of 0.468 and 0.316 for Afaan Oromo and English respectively. Even though the corpus-based
approach is influenced by size and quality of the corpus, the result obtained was encouraging
to develop Afaan Oromo-English CLIR by using this approach.

To design text retrieval system for a particular language the study of automatic indexing
techniques play important role for that language. Stemming algorithms are among the
techniques in automatic indexing. For Silt’e language (Kedir, 2012) tried to design stemming
algorithm. To evaluate the stemmer developed in this study, test data of size 1486 words
were selected randomly from the sample texts. The experiment showed that the stemmer
performs at accuracy of 85.71 % and reduce dictionary size by 34.99% for stems.

Developing information retrieval system has a great impact on the accessing of information
in a particular language. We have seen in the literatures there are different information
retrieval systems designing approaches and each model has its own strength and limitation.
To enhance the correctness and efficiency of the retrieved information from the corpus we

have to select appropriate information retrieval system development approaches.
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CHAPTER THREE

Detailed Discussion on Research Methodologies

Information retrieval system development process applies a number of interrelated strategies.
For our research the strategies we follow are compiling well organized Silt’e collection,
indexing the collection by applying vector space model concepts and search sample
information to test the effectiveness of the prototype.

3.1. Collection organization
The first thing we have to do in information retrieval system research is collecting documents
which are used for indexing. These are all available text documents on different topics. We
collected Silt’e text documents for our research. School text books which were collected
from Silte Zone Education Bureau takes the highest portion of the corpus because other types
of documents like news article, reports were not accessed enough during our data collection

time. The collection consists of 99 documents in different topics.

3.2. Vector space model techniques
Vector space model (VSM) is well applied model in many information retrieval system
research areas. For our research we choose this model. In this section we discussed the basic

concepts of the model.

In vector space model a collection is represented as vectors in a common vector space
(Christopher, 2008). Terms and documents are indexed in appropriate way in a vector space
.This representation of the collection enables to compute information retrieval operations like

term frequency, inverse document frequency, term weighting and document to query scoring.

Fundamental steps in vector space model are content related terms are mined from the
document to index, weighting of indexed terms to better retrieval of a document fitting to the
user query and computing similarity among documents to rank the document with respect to
the user query (Jitendra, 2012). To accomplish these three basic steps some statistical

measures are performed. The important statistical measures are explained as follow.
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3.2.1. Term frequency (tf)
The Term frequency (tf) deals about the number of occurrence of a term in a document. This
specifies the weight of a term in that document. It is one of the requirements needed to

compute weight of a term in a document.

£

thy; = v LT ... Equation 3.1

Where tf; is frequency of term i in a document j, maxftd is the frequency of most common

term occur in a document.

Term frequency mechanism to determine weight of a term considers that all terms have equal
importance. But in the reality all terms do not have equal significance to discriminate among
documents in the collection, because some terms occur frequently in all documents. So,
alternative technique to reduce the effect of more redundant term is inverse document

frequency.

3.2.2. Inverse document frequency (idf)
Inverse document frequency (idf) defined to be the number of documents that contain a term
in the corpus. The intention here is that the corpus amount and actual amount of documents

which have the term significantly varied. It is determined as

N
idft = log (E) RPN ¢ | E=18 () o B /4

where idft is inverse document frequency of term t, N total number of a corpus, dft number
of documents that contain a term t in the corpus. We get higher value of idft for rare terms

and lower value for more common terms.

3.2.3. Term weighting
Next task is combining inverse document frequency and term frequency tf * idft to determine
the discriminating power of a term in each document and a query. This computation is called

term weighting (tf-idf weighting) and determined as
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Where, wy; is weight of a term i in document j. The value of wj; is high when a term i

present many times in a document.

3.2.4. Measuring document similarity
During accessing text information the user provide a query to the system and the system
determine similarity between the query and document collection to return the required result.

To measure similarity among documents and the query different approaches were applied.

Cosine similarity measure is a common similarity measurement technique. It define angle
between the document vector and the query vector (Jitendra, 2012). The angle between two
vectors is considered as a measure of divergence between the vectors. The cosine angle is
used to calculate the numeric similarity among document with document and the query.

The criteria to quantify similarity between two documents d1 and d2 are to compute the
cosine similarity of their vector representations (Christopher, 2008). This is accomplished by
applying the following normalized cosine similarity function.

i Wq,j Wij

szwzq,i X Yiw2ij

sim(Q,D;) = wee e e . EQuation 3.4

Where sim(Q, Di) is similarity between query and document i, wq; is weight of a term in the
query, w;; is weight of a term in a document j.
Based on the similarity result documents are ranked that are more related to the query.
In similarity measure the basic facts we observe are (Gezehagn, 2012).
» If d1is near to d2, then d2 is near to d1.
» If d1is near to d2 and d2 is near to d3 and then d1 is not far from d3
» No document is closer to d than d itself.
> Distance between d1 and d2 is the length of the vector |[d1 — d2|.

3.3. Document indexing
Information retrieval deals about accessing a document by matching a user query against a
set of free-text record. Text retrieval is a branch of information retrieval where the
information is stored primarily in the form of text (Majeed, 2014). In our research the free-

text documents used are unstructured Silt’e text documents.
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The success of text retrieval depends on having suitable data structure in which to store a
text. A number of techniques have been proposed such as clustering and signature files to
index a document (Salton, 1988), but these were not fit enough to store a large document
collection. The method that has proven most successful in IR systems uses a data structure

called an inverted index.

3.3.1. Inverted indexing
An inverted index is an index data structure. It also known as posting file or inverted file
(Zheng, n.d). It is the most popular data structure used in document retrieval. In this indexing
mechanism set of terms (dictionary) are mapped into documents that contain those terms.
The set of terms is called a vocabulary. Each term in the inverted index has a pointer that

points to the posting list which is a list of all the occurrences of a term (Majeed, 2014).

The basic idea for building an inverted index is to form a dictionary of the unique terms in
the collection. For each term in the collection, asseverate a list of documents by identifying a
document id in which the term occurs in the specified document. In this research the Silt’e
text document passes several text preprocessing operations before it stored as inverted index.

The following figure shows sample inverted index structure for two Silt’e documents.

/ Terms Document id \

:ﬁ‘;(;ﬁ;ift;? \ 2;;"?) Badnel, Badne2
cect > Badnel
Badnel " § RadneT
Badnel
T > Badnel

‘YN

0L ¢ PLF / PAF \ Badne2
f-OA-AHE Py \ Badne2
rk Badne2

Badne2 \ /

Figure 3. 1 Inverted index of two Silt’e documents
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As shown in the figure the term a2 appear in both documents Badnel and Badne2. The
terms OACP, £+, ¢C and FrZhat appear in Badnel and the term e , +#4-F and
(N0 appear in Badne2. The stopword £¢ is removed.

3.4. Performance evaluation
In the case of information retrieval the job is to return a set of relevant documents given for a
query. So evaluating performance of an information retrieval system is very important to test
the effectiveness of the system for the search result. In this process we focus on measuring
system effectiveness, system ability to discriminate between relevant and non-relevant

documents with respect to the query.

There are different information retrieval effectiveness measurement mechanisms. Among
them precision and recall are well known methods to measure information retrieval

effectiveness.

3.4.1. Recall
While searching a user formulates a search query for the needed information and provide to
the information retrieval system. Based on a query the system returns relevant documents out
of actual documents that are relevant to the query. More specifically recall is defined as the
number of relevant documents retrieved by a search divided by the total number of existing
relevant documents.

Number of relevant documnets retrieved

Recall = cer e e e e e e e - EQUAtion 3.5
relevant documents

3.4.2. Precision
In case of precision we filter more relevant documents from those documents which are
returned by considering relevancy to the search item. It can be defined as the number of
relevant documents retrieved by a search divided by the total number of documents retrieved
by that search.

Number of relevant documents retrieved

Precision = S D10 | =10 [0) s WS o)
Numberof retrieved documents q

Interest to use precision and recall to test information retrieval system effectiveness vary
from person to person. Because one person prefers high precision and another person prefers

high recall to measure effectiveness based on their domain of interest. These evaluation
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measures are inter-dependent measures in that as the number of retrieved items increases the
precision usually decreases while recall increases. We see that there is trade-off between
these two measures. To compromise this problem a single measure approach was defined.
This approach is called F measure which is the weighted harmonic mean of precision and

recall (Sasaki, 2007).

- 2R Equation 3.7
S PR e e e e e e v e e EQUation 3,

Where F is F-measure, P is precision and R is recall.

Precision, recall and F-measure are set oriented measures that means used to measure
unordered set of documents (Keneilwe & Tranos, 2012). Most commonly used means to rank
the likelihood document relevancy to the information need is statistical or probabilistic
approach. The top k ranked documents are used to evaluate effectiveness of information
retrieval system that rank documents to return ranked set of documents. A number of
techniques available for evaluation of ranked retrieval result. Among them we used average

precision and mean average precision for our research.

3.4.3. Average precision
Average Precision (AP) is the average of the precision values from the rank position where
relevant documents are retrieved, that means the rank position where the recall value
increased. It is a single value measure based on the ranking of all the relevant documents and

the obtained value highly depends on the ranked relevant documents.

3.4.4. Mean average precision
Mean Average Precision (MAP) is computed as the average of the average precision on each
query. It considers all queries are equal. That means taking the mean of the precision at each
recall point for all queries together.
In this case interpolated mean is used and precision-recall graph can be plotted based on the
obtained mean.
P(r) =Max,<iP (F)..coveeeeiiii Equation 3.8

Where P precision at certain recall level, r maximum precision and # recall level (Keneilwe
& Tranos, 2012)
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3.5. Prototype development tool overview
In today’s information age, the amount of electronic information becomes huge. It is difficult
to find out relevant information from this tremendous storage. The solution for the challenge
is developing information retrieval systems. We use Apache Solr version 6.0.0 to develop
Silt’e information retrieval system prototype. Here we discussed basic overview of Apache

solr.

3.5.1. Apache Solr
Apache Solr is highly scalable search platform built using Apache Lucene. It is written in
Java and runs as a stand-alone server (Dikshant, 2015). Simple commands like start and stop
are used to start and stop it. It is extensively used for indexing a large collection of

documents and supporting full-text search.

3.5.1.1.  Attraction of Apache solr
Solr attract peoples to use for their search system because it is the most widely used search
solutions in different domains. Some attractiveness features of Solr are:-
e Highly scalable and fault-tolerant: - we can add or remove computing capacity to
Solr.
e Enterprise ready:- many organizations in different domain trusted on Solr for their
search requirement
e Full-text search: - it provides all the matching capabilities needed and autocomplete.
e Flexible and extensible: - we can modify and customize components by extending the
Java classes and adding the configuration for the created class in the appropriate file.
e Easy configuration:- as Solr is configuration based platform it is easy to configure for

our work

3.5.1.2.  Characteristics of Apache Solr
Solr have a number of features that makes it popular (Dikshant, 2015). These characteristics
are strongly aligned with our research strategies. That is why we use Solr for our prototype
development and test the system. The basic features are:-

e Solr builds an inverted index of the document that we add to it and at query time it

searches the index for matching documents.
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e Solr was developed using the vector space model (VSM) to rank and determine the
relevance of a document with respect to a user query in order to retrieve the required
information.

e In Solr the search query and the documents being indexed go through a chain of

analyzers and tokenizers.

3.5.1.3.  Schema design in solr
Schema design in solr is a description of document structure that is precondition for indexing
and searching, because a search result in solr is a document. It is a basic condition to develop
information accessing systems in solr. After structuring the data a series of text analysis
process are applied to control the matching actions. The Extensible Markup Language
(XML) format is used to define the schema and field type outline. The following XML
definition describes a general layout of a given schema design structure in solr.

<schema name="SilteTirs" version="1.6">
Fields are defined here...
</schema>

The name and version are attributes, where name specify name of the schema and version
define version number for the schema syntax and semantics. Current schema syntax and
semantic version for solr-6.0.0 that we use in our research is 1.6. Schema definition for Silt’e

text information retrieval system prototype is presented in the appendix.

A free text information document has different information about the document. For example
consider a thesis work document as a free text document that provides different information
about the thesis such as thesis title, institution where the thesis is done, author and date. All
these information are called field in solr and have attributes like name, type, indexed, stored

and others. Sample field definition given as follow.
<field name=""thesis_title” type="string" indexed="true" stored="true"/>
<field name="author” type="string" indexed="true" stored="true"/>

<field name=""institution ="string" indexed="true" stored="true"/>
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<field name=" date " type="Date" indexed="true" stored="true"/>

The other very important field definition in solr is filedType. The fieldType determines the
value that the filed can hold and type of text analysis it goes through. Sample filedType

definition is defined as follows.
<fieldType name="Silt'e_text" class="solr.TextField" >

Where Silt'e_text is filedType name, solr.TextField is text analysis process applied on
Silt'e_text.

3.5.1.4. Textanalysis in solr
The function of apache solr is indexing a document and making it searchable when user
needs information. To accomplish these functions, it passes a consecutive text analysis

phases to convert a sequence of text into terms.

In solr there are a number of analyzer definitions to describe a chain of processes. In every
process step, specific text processing operation is performed. The final output of the
analyzing process is a term which used for indexing and search. Sample Silt’e text analysis

definition is given bellow.

<fieldType name="Silt'e_text" class="solr.TextField" positionIncrementGap="100">
<analyzer>

<tokenizer class="solr.StandardTokenizerFactory"/>

<filter class="solr.StopFilterFactory" words="lang/stopwords_st.txt" />

</analyzer>

<[fieldType>

In the definition StandardTokenizerFactory splits the text stream and StopFilterFactory
removes if a token is listed in Stopword file list. All these analyzers are java classes defined

for text processing operations in solr.

3.5.1.5. Indexing and querying in solr
Indexing and querying are the most important process in information retrieval area. While
adding document to solr it passes through index time text processing operations, if we define

analyzer in the filedType element with the analyzer type index. The analyzed term indexed
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with some information like position and frequency. Sample index time text analysis

definition is given as follow.
<analyzer type="index">
<tokenizer class="solr.StandardTokenizerFactory"/>
<filter class="solr.LowerCaseFilterFactory"/>
<filter class="solr.StopFilterFactory" words="stopwords.txt" />
</analyzer>

Like index time text processing, query time text analysis also defined in solr. If we do not
define query time text analysis that match with index time text analysis definition, then there
is a term mismatch problem. For example we include LowerCaseFilterFactory java class in
index time text analysis the same class should include in the query time text analysis.
Assume we provide the term “ASTU” for the query if LowerCaseFilterFactory is not
included in the query time analysis; we get a result that term is not indexed, because we
define LowerCaseFilterFactory in index time text analysis chain. Sample query time analyzer

definition given below.
<analyzer type="query">
<tokenizer class="solr.StandardTokenizerFactory"/>
<filter class="solr.StopFilterFactory" ignoreCase="true" words="stopwords.txt" />
<filter class="solr.LowerCaseFilterFactory"/>
</analyzer>

3.5.1.6.  Collection specific tools in solr
Solr provides collection specific administration tools like overview, analysis, dataimport,
plugins, schema, query and others with interactive interface. When we select a particular core
that contain the document collection from core sector dropdown menu all available tools are
displayed. Among them we described overview, analysis and schema tools because we used

them for our testing and analysis purpose.
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Overview tool

The overview tool provide important statistics including the count of documents in the index,

total size of the index, last indexed time and core directory-related information. The

following screenshot show statistics and instance information of silte_tirs core.

il Statistics = IﬂStEII]EE

Segment Count: 5

Last Modified: 20 days ago

o CWD: C:\salrb\gerver
Heap Memory -1 . .
Usage: Instance; C:\salrblserver\solraite_trs
T e 926 Data: C\sole\serverlsolste tirs\data

Index: C:\solrb\server\solrisite_tirs\dataiindex

Optimized: «*

Current: Impl: org.apache.solr.core NRTCachingDirectoryFactory

Figure 3. 2 The Silte_tirs core statistics and instance information

Analysis tool

Apache solr provide collection analysis tool to analyze general characteristics of the

document definition in the schema. This tool used to analyze the way how content would be

handled during indexing or query processing and view the results separately or at the same

time (Cassandra, 2015). Sample screenshot of this tool is given below to analyze “fadm.

hav(1” as a text field value.

Field Value (Index)
fiédum Aow il

Analyse Fieldname / FieldType: | Silt'e_text v| @

FliduTL Hoaufl
[e18b a8 el188b5e1888del8cad] | [e183a30el188398elt
0 3

Figure 3. 3 Sample analysis tool result
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In the above screenshot the analysis tool take “ehédm. Agea-01” as a field value that is defined
as a text FiledType with the name silt’e text in the Silt’e text information retrieval schema
structure. Text preprocessor StandardTokenizer (ST) applied to tokenize “?aédm. AP0 into
ehdm. and Agea. The tokenization process starts at position 0 for the token ¢adm. and ends
at position 3. Tokenization position for Agea starts at position 5 because position at 4 is
white space and ignored. The raw_bytes indicate the equivalent representation of the tokens

during indexing.

e Schema browser window
This collection specific tool provides information about data that is defined in the schema
definition. It helps us to look at the fields and fieldTypes defined during schema design and
we get some information about each field and fieldType. The following sample screenshot

shows some information about the field “content type”.

content_type v Field: content_type

Field Field-Type: org.apache.solr.schema.Strfield

content_type Docs: 99

Indexed Tokenized Stored Multivalued Omit Norms Omit Term Frequencies & Positions Sort Missing Last

Properties ¥ o f o s v
% delete field Schema ¥ o Y o s v
Indes 4 v” Y ¥ ¥

Figure 3. 4 Information about the field content_type

3.5.2. Text extracting tools
Different file formats are used to store documents. File formats like text documents (such as
power point, word), PDF, images and multimedia files are sample file formats out of the

existing various formats.

We used text documents and PDF file format to store the corpus in our study. Apache solr is
used as prototype development tool, therefore some additional tools are needed to extract and
index these file formats. The tools integrated with solr are Apache PDFBox and Apache POI
file format parsers from Apache Tika framework that is a library used for document type

detection and content extraction.
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PDFBox: - is open source java library used to perform different operations on
PDF files such as verifying and extracting. It contains different components for
example FontBox which handle font information.

Apache POI (Poor Obfuscation Implementation): - is a popular library that used

to perform operations relating with Microsoft office documents.
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CHAPTER FOUR

Processing Silt’e Text and Experimentation

To develop the prototype and process Silt’e text we use window 7 ultimate with Intel(R)
core(TM) 2 Duo CPU which have processor speed of 2.26 GHz and 2 GB RAM. Available
Java Runtime Environment (JRE) in the system is 1.8.0_73 that is required to run apache

lucene solr.

4.1. Silt’e information retrieval system architecture
In most information retrieval systems the system architecture consists of two main parts.
These are indexing part and searching part. In this research we design Silt’e information

retrieval system architecture that has the two parts.

The indexing part consists of five consecutive process components. These are corpus
preparation process, tokenization, stopword removing, term weighting and indexing the

corpus.

The other system architecture part is searching. As the indexing part pass a series of steps
searching part also pass sequential process phases. Here user provides a query to the system.
The system takes the query and performs pre-processing operations like tokenization,
stopword removal and calculating weight of each term. Once all these tasks were completed
similarity measure between query and documents performed to return a search result. The
technique applied here is cosine similarity. Finally the ranked documents are returned based

on relevancy to the query.
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Indexing Part Searching Part

e e ) .

Silt’e Text
collection

R

Tokenization

User

Relevant d@cument
returnad

Stop word
removal

|

Term weighting

Document
ranking

@ Similariy
Indexed file : measure

Figure 4. 1 Silt’e information retrieval system architecture

4.2. Tokenizing Silt’e text
To break down Silt’e text stream into tokens we used StandardTokenizerFactory that is
implemented in solr. Different tokenizers are provided by solr to use as needed, but we
choose StandardTokenizerFactory, because it is advanced and general purpose tokenizer. It is
implemented based on Unicode Text Segmentation algorithm. While splitting a text stream it
looks for whitespace, punctuations and identifies for sentence boundary. We defined
StandardTokenizerFactory in the Silt’e information retrieval system prototype schema as

follow.

</analyzer>
<tokenizer class="solr.StandardTokenizerFactory"/>

<fanalyzer>
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The following sample Silt’e text that consists of Silt’e characters, punctuation marks such - (

); 2" ?and white space was prepared to see effect of the selected tokenizer.

Phiam T Ae FS0L9°7 VLA Fdm Ao &°mF ¢F2hiF 21 AAF A
"fhdum” hAewdll om-th N+ A BT T A PAM howt
+1TE 1 & Mvs TmeE e heao+F dm (19414 (00 +4.F 0 &5

P+onyom A1 E A& HITE PO AETF £ m +ddeth hemer 3 PhAm,'7 |
AT TRLT? VRA HhAm Aoe-Adl Fm4 f+L00kfY AT Ad "PhAm”

Aouidll #mth 0+ bE Addd B 2T+ TF Al FLAM koot H1GE =
42 s tms£ W1E oo+ F dm (13414 (N00) F2.F P &5 ¢+ .08 Lo
vt A& FITE P AT fm 0kt n e d i :

-

Figure 4. 2 Sample Silt’e text to test tokenizer effectiveness

The following screenshot shows portion of tokenized results.

Analyse Fieldname / FieldType: | Silt'e_text vl @ Y Y Analyse Values

Pham'7 A& PAILT URA +hAm
[e18baB8e188b5e1888del8ca2e18398)  [e18aa0el8d8d] [e1889del8bb3e189a4e1889d] [e18880e18bb0e18bb2] @ [e189b0
0 6 9 15 19

5 8 13 18 23

1 1 1 1 1

<ALPHANUM> <ALPHANUM> <ALPHANUM> <ALPHANUM> <ALPHAN
1 2 3 4 5
U i Fioe Frekf (ff af
PR, ha Fth (Pl

Figure 4. 3 Tokenized Silt’e texts

In the result different information about each Silt’e token is given by the system. For instance
information about token “eadm.7’ it is a text, corresponding raw_bytes el 8b a8 el 88 b5 el 88
8d el 8c a4, starting position is 0 and ending position is 5, it has a position length of 1 and it is the
first token in the text because its position is 1. Note that the token “ehAm.7’’ Starts at index one and

ends at index five, this means that the token has six characters, but the actual numbers of
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characters are five. This happens because the system start character index counting with the

initial white space.

From tokenized result we observed that the selected tokenizer is properly chop off silt’e text
in to individual tokens for further text processing but, has a limitation of handling compound
words. For example the compound word Aev-A- is broken in to Aev and a.

4.3. Removing Silt’e Stopword
In Silt’e language there is no exact predefined stopwords list. To design Silt’e stemmer
(Kedir, 2012) conducted a research. In his research he compiled 184 Silt’e stopwords. He
used different approaches such as using python program to count frequency of a term in a
document; research works done on Silt’e morphology and by referring dictionary to compile
stopword list from the collection. We used 140 of the identified stopwords that occur many
times in the documents prepared for our research. All stopwords are listed in the appendix.

Sample stopwords are given in the following table.

AL At
A FL 17
A1 b
P &40,
h\Ps ALC

Table 4. 1 Sample Silt'e stopwords list

Avoiding these stopwords from Silte text is helpful in the ranking of documents. To remove
stopwords from a text stream solr provides a number of TokenFilters. These TokenFilters are
used to process tokens that are the output of the tokenizer. The Solr’s TokenFilter we choose
in this work is StopFilterFactory and define it next to tokenizer during designing the Silt’e
text information retrieval system prototype schema structure. In the schema design we used it

as follow.

<filter class="solr.StopFilterFactory" words="lang/silte_stopwords.txt" />
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To see the performance of the token filter we prepared sample Silt’e text that contain some

Silt’e stopwords. The following screenshot shows the sample test text.

NENTT Ae0rr PEEYF |04+ AP P2 ALY PAAANL V7T ou ARTF a
tCF AETCT:: hoh e 0C PARYE £Mbed av ART R (ENTT 0T PAEY T -
fie+ +4+Ad PrEe ALY PAAANL VT o ARTF HCF A ETCT:: htEOC

PéLr+ &+ ovAnTrey::

Figure 4. 4 Sample Silt’e text to test performance of stopword removal algorithm

The above test text was given to the system and portion of the analysis result is show by the

following figure.

Analyse Fieldname / FieldType: | siite tet | @ ¢ Y Analyse Values

MEnFs T Pa.EvF #livd

NENTY PhEM i+
[e189a30e18c85e188b521850de18390] [e18ba8el8dB8el8badel8a90e189b5] [218982e2189a0e18E
0 10 16

3 15 20

1 1 1

<ALPHANUM:= <ALPHANUM:= <ALPHANUM:=

1 3 4

Figure 4. 5 Removing Silt’e stopword analysis result

From the analysis result we observe that in the standard tokenizer (ST) raw the given sample
text is tokenized into Silt’e tokens N&09°1, &0 T, 24211 and €NA>t. When we look at standard
token filter (SF) raw there are three tokens out of four, because the token A0 is removed as
indicted by the arrow in the screenshot. Generally the selected token filter identifies the
stopword and removes it while indexing the Silt’e corpus.

4.4. Indexing Silt’e document
Document indexing structure that we discussed in chapter three is applied to indexing the

Silt’e text documents. To do it we used Apache Solr’s default dictionary implementation
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factory. After indexing the 99 Silt’e documents that we prepared for this research we get
23736 indexed words. Apache Solr’s default term weighting with respect to each documents
procedure is used to compute the weight of the indexed Silt’e words with respect to the
indexed Silt’e documents. Finally searchable Silt’e text corpus is created in the form of
inverted index data stored format. The following screenshot shows number of indexed Silt’e

documents and number of indexed terms.

@ Load Term Info 1 Top-Terms: (@)

application

Figure 4. 6 Number of indexed documents and words.

4.5. Searching for Silt’e documents
User interaction with information retrieval system is needed to access the required
information. To satisfy user-system interaction, we designed an interface in the prototype. It
have only query input search box to access a search result. The following screenshot show

sample search result for the query “Padm, A%”.
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Figure 4. 7 Sample search result

44

m




4.6. Performance evaluation
As we discussed in chapter three, evaluating performance of an information retrieval system

IS very important to test the effectiveness of the system for the search result. A number of
information retrieval researchers agreed that evaluating effectiveness of an information
retrieval system helps to design, develop and implement search systems (Clough, 2013). To
accomplish effectiveness evaluation test document collections, different topics in the
collection, and evaluation measures were involved. Queries are used to test effectiveness of
the system. Also queries play an important role to check how well a given information
retrieval system differentiate relevant document with non-relevant document in the collection
(Fatiha, 2013).

We worked with two experts to identify relevant documents with non-relevant documents for
the prepared queries from the corpus that compiled for this research. These experts are Ato
Bedru Hussen from Silte Zone Education Bureau the Silt’e language curriculum preparation
officer and Surur Bedru from the Silte Zone Culture, Tourism and Government Affairs

Communication Bureau the Silt’e language and art organizer head.

For our research we prepared ten free text queries. These queries were identified by reading
the test collection thoroughly. We tried to make the queries well representative and inclusive
to test the designed prototype. The prepared queries and relevant and non-relevant documents
for each query are presented by the following table.

Relevant document Non-relevant
S.N Query document
1 PAAM, AT 6 93
2 PAAM, AL 7 92
3 AAmP £2C 1N4th 5 94
4 PAL CHPT 12 87
5 PaL avf P 10 89
6 Orf a0 PP 9 90
7 £& ANCH 9 90
8 THE b 8 91
9 AN 6 93
10 each Pems Yok 4 95
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Table 4. 2 Relevancy for the selected queries

4.6.1. Measuring system effectiveness
There is no standardized test collection for Silt’e language that was used to evaluate
information retrieval system before. Due to this fact we carefully prepared Silt’e test

collection in different topics. To perform experiment we used this test collection.

In our system oriented evaluation process we focus on measuring system effectiveness. That
means the prototype’s ability to discriminate between relevant and non-relevant documents

for the selected queries.

To accomplish system oriented evaluation process we follow the Cranfield approach
(Clough, 2013). These are:-

> We apply vector space model strategy to rank documents for every query in the test
collection
» Compute the effectiveness for every query in the test collection as a function of
relevant documents retrieved
» Average the scores for all queries to compute overall effectiveness of the system
» Finally we form a critical opinion based on the score
We apply vector space model strategy to rank documents for every query in the test
collection. We used rank based information retrieval system effectiveness measures. As we
discussed in chapter three there are a number of rank based evaluation techniques out of them
we choose average precision and mean average precision, because the prototype that we
designed for Silt’e text information retrieval system present ranked set of results for a given
user query. These measures are computed as a function of relevant documents retrieved.
We considered the top 10 retrieved results to compute the effectiveness measures. We
presented the detailed computational results for precision and recall in the following table as

a function of relevant documents retrieved.
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Query

Evaluation measures for the selected queries as a function of relevant document retrieved

Rank
Position 1 2 3 4 5 6 7 8 9 10
Paam A% silte | siltaf | silteaf | silteaf | silteaf | site | yelan | silte | awal | aymal
afitw | yatfa | yetem | mitot | mida | weg | ziele | afsin | ku emo
Doc_Id alek | hmot | beada besul wdi elug
biya |quw | b e
et a
Relevancy | R R NR R NR R R NR NR NR
Recall 0.167 | 0.333 | 0.333 | 0.5 0.5 0.667 | 0.833 | 0.833 | 0.833 | 0.833
Precision |1 1 0.667 | 0.75 0.6 0.617 | 0.714 | 0.625 | 0.555 | 0.5
aden | moha | yelanz | yesilte | feyek | yesin | kimsir | nud_ | silte_ | afetqir
Doc Id eleqir | meds | ielewd | yekilf | oterez | gbuqg | e ahlag | weg | ot
2AA M, AL ne irgag | i an got 0 che
a
Relevancy | R NR NR R NR NR NR NR NR NR
Recall 0.143 | 0.143 | 0.143 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333
Precision |1 0.5 0.333 | 0.5 0.4 0.333 | 0.286 | 0.25 | 0.222 | 0.2
silte_ | bade | yazga | goto badne | Badn | kerm | yetop | zilam | abar
aAhm?P £2C | Doc Id weat | ne2 gscien 4 €6 iy
04 th her ce
Relevancy | R NR NR NR NR NR NR NR NR NR
Recall 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Precision |1 0.5 0.333 | 0.25 0.5 0.166 | 0.143 | 0.125 | 0.111 | 0.1
yead | fulew | jismea | tesing | qotwa | yesilt | bitrez | netot | hayb | ujo
PAL CHPT | Doc Id erizqi | abere | tiregn | zof bilo eyeki | eqgbuy | eqrar | wazir
che d e Ifan | anwok | iro eche
t
Relevancy | R R NR NR NR R NR NR NR NR
Recall 0.083 | 0.166 | 0.166 | 0.166 | 0.166 | 0.25 | 0.25 025 [ 025 |0.25
Precision |1 1 0.666 | 0.5 0.4 0.5 0.428 | 0.375 | 0.333 | 0.3
amas | yaka | amase | amase | silte_ | likot | nud_a | yetop | yesilt | bunge
0L ao\. ¢ | Doc Id ebl babi | bfeyin | b3 weg hlagch | iyaaf | eqirit | chere
et e abero | o
S
Relevancy | R NR NR R NR NR NR NR NR NR
Recall 0.125 | 0.125 | 0.125 | 0.25 0.25 0.25 |0.25 025 [ 025 |0.25
Precision |1 0.5 0.333 |05 0.4 0.333 | 0.285 | 0.25 | 0.222 | 0.2
hichi | yazg | balign | meyte | hinchi | yetop | netote | yume | feyek | balign
Prf a8 | Doc Id naé | agsci | et durero | na8 iyaen | grarir | tliq otere | et
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ence t dach | o zeqot
Relevancy | R NR NR NR R NR R NR NR NR
Recall 0.111 | 0.111 | 0.111 | 0.111 | 0.222 | 0.222 | 0.333 | 0.333 | 0.333 | 0.333
Precision |1 0.5 0.333 [ 0.25 0.4 0.333 1 0.428 | 0.375|0.333 (0.3
langl | nilo | lang3 | lang2 | yetopi | lang4 | kush omo | yetop | sinelig
£a ANCh Doc Id yaafab iyaaf | a
eros cheru
kobo
Relevancy | R R R R NR R R R NR NR
Recall 0.111 | 0.222 | 0.333 | 0.444 | 0.444 | 0.555 | 0.666 | 0.777 | 0.777 | 0.777
Precision |1 1 1 1 0.8 0.833 | 0.857 | 0.875 | 0.777 | 0.7
badn | badn | badne | yakab | hisab3 | hisab | badne | geba | tazga | yesilte
Doc Id e8 e4 3 abi 2 6 ya gne giritoz
T eyari
AT Relevancy | R NR R NR NR NR R NR NR NR
Recall 0.125 | 0.125 | 0.25 0.25 0.25 0.25 |0.375 |0.375|0.375 | 0.375
Precision |1 0.5 0.666 | 0.5 0.4 0.333 | 0.428 | 0.375 | 0.333 | 0.3
yesilt | yeqir | yeqirit | yakab | girito | kurm | amase | bade | bung | giritoh
Doc Id eqirit | itosij | odews | abi obese | b ne echer | inzot
ST 0 e r e
Relevancy | R R R NR NR NR NR NR NR NR
Recall 0.166 | 0.333 | 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Precision |1 1 1 0.75 0.6 0.5 0.428 | 0.375 | 0.333 | 0.3
yaber | amas | yegere | yazga | yakab | hinch | yegere | adeg | tazga | yezeg
ench ¢en. | Doc Id osqgic | ebfey | dwold | gscien | abi ina4 | dwold | nebit | gne netme
7ot he net hang | ce er nge
Relevancy | R R NR NR R NR NR NR NR R
Recall 025 |05 0.5 0.5 0.75 0.75 | 0.75 075 075 |1
Precision |1 1 0.666 | 0.5 0.6 0.5 0.428 | 0.375|0.333 | 0.4

Table 4. 3 Precision-recall measures based on relevancy

The computed average precision for each query and mean average precision over all queries

of the designed prototype are presented by the following table.
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S.N Query Average Precision
Q1 PAM, hG 0.816
Q2 PAAM, AL 0.75
Q3 AAMmP £2C 040 1
Q4 PAL. CHPF 0.833
Q5 0L avp P 0.75
Q6 L1t a0 PP 0.609
Q7 £& ANCH 0.937
Q8 Yty b 0.698
Q9 Pl 1
Q10 POCH Pen, VAT 0.75
Mean average precision 0.814
In percent (%) 81.4%

Table 4. 4 System effectiveness measures

From the analysis table we observe that the system achieve 100% average precision for the
queries Q3 and Q9. For the remaining queries the system not scores 100% average precision.
The average precision is computed as a function of relevant documents retrieved, but the
average precision result for the queries Q1, Q2, Q4, Q5, Q6, Q7, Q8 and Q10 indicates that
there are non-relevant documents are retrieved. The reason is that in Silt’e text documents the
same set of words are used to express different concepts in different documents. For example
consider the words in the query “eddm, A&”. Documents retrieved for this query describe
about the background of the Silt’e language in the relevant documents, but the same set of
words are used in the non-relevant documents to describe other things. When we examine the
Silte text information sources that we collected for this study, different scripting style is used
for the same term in different documents. For example the words 2%, #7 and #1A’E have
the same meaning with different scripting style. This situation has impact on the retrieved

result.
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Generally the obtained mean average precision 81.4% result indicates that it is encouraging
to develop Silt’e vertical information retrieval systems and Silt’e search engines using vector
space model. We can achieve better result by avoiding limitations on the Silt’e scripting
system.

4.6.2. User oriented effectiveness evaluation
Different user aspects are considered in the design of prototype for this research. Among the
features the most consideration goes to user’s interaction with the system. To satisfy user-
system interaction, we make the prototype interface very simple to use. It have only query
input search box to access a search result. The following screenshot shows the user interface
of the prototype.

fhaAm - HNE &40 avhiit AN+9°

h ?i HAE P

ana0 EPA +ehnz

Figure 4. 8 Prototype interface

To perform system wise inspection that means usability and friendliness of the prototype we
selected 15 peoples with different background. Due to time factor we limit the number of
involved peoples to test the system wise evaluation. We discussed the details of the
evaluation in the following table.
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Number of peoples

Background of the peoples

Inspected elements

Response result

involved
Have computing Terminologies, 57.14% of the involved
background in the field of | coloring, layout, input | peoples provide
7 Computer Science, and output formats positive response on
Information System and used in the prototype the inspected elements.
Information Technology interface 42.86% of the involved
peoples accept the
terminology, layout
and input/output
formats, but they were
not satisfied with the
coloring of the
interface.
Understand the language Easiness to use the 62.5% satisfied by both
8 used in the system, but not | system and satisfaction | easiness and retrieved

have computing

background

with the retrieved

result

result.

37.5% satisfied by the
retrieved result, but
dissatisfied with the
easiness because the
Silt’e language uses
Ethiopic character and
they are not enough
skilled to type Ethiopic
characters from the

keyboard

Table 4. 5 System wise evaluations
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CHAPTER FIVE

Conclusion and Recommendation

5.1. Conclusion
Organizing scattered and large amount of text information in a manageable format and
enabling the target users to access the information easily is the active area of information
retrieval research. Consequently, numerous techniques have been proposed to design and
develop information retrieval systems. But designing and developing information retrieval
system highly depends on the basics of a language. Therefor proper understanding of the
target language is needed to develop the required effective information retrieval system that

is used by the target users.

Our effort in this thesis was investigating the possibility of designing and developing text
information retrieval system to the Silt’e language. The language uses Ethiopic characters in
its writing system and has its own grammatical style. Affixation is used for word formation
based on the root pattern construction. Most commonly used affixations are prefix, infix and
suffix. Reduplicating characters in a given token also used to form a new word. Sometime
combination of affixations is involved on the word formation process. As a result,
morphologically rich words with different meaning formed from the same root word.
Therefore efficient Silt’e text processing procedures are required to get the best Silt’e text

information search result from the storage.

We developed Silt’e text information retrieval system prototype based on vector space model
using Apache solr as a prototype development tool. The reason we choose Apache solr is that
it is java based package developed based on vector space model to index text information and
access the indexed information. As a result, we developed Silt’e text information retrieval
system prototype using this tool to achieve the best search result. The system architecture is
made up of the indexing and the searching components. The searching component comprises
the Silt’e text preprocessing elements that are tokenizer and stopword removal. We deal with
tokenizing and stopword removing algorithms to preprocess Silt’e text. Sample Silt’e text

was tested using the adopted algorithms and the result shows that these algorithms are
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effective to process Silt’e text stream. Solr provides a number of stemming algorithms for
different languages, but we did not adopt any of them because the Silt’e language has its own

morphological rules and it needs its own stemming algorithm

The experimentation performed using the prototype that was developed without invoking
stemming algorithm scored 81.4% mean average precision.

To achieve better result Apache Solr allows us to add our own module to process Silt’e text.
Despite the fact, the challenge we faced was the incapability to adding Silt’e stemming

algorithm in to solr because it needs enough time to do it.

Limitation we observed in our study is that the number of documents returned for each query
to evaluate the system oriented effectiveness is less. The cause for this result is the corpus

size we used.

5.2. Recommendations
Information retrieval research on Silt’e language is in its infant stage. The results of our work
indicate the possibility of designing and developing efficient Silt’e text information retrieval

systems. However a number of efforts are remain as a future work.

e Preprocessing morphologically complex languages has a positive effect on the
development of information retrieval systems. Stemming algorithms are among the
techniques used to return morphologically complex words in to their root form. We
recommend implementing and adding Silt’e stemmer in to Apache solr to get
enhanced performance.

e In this study we considered only the Silt’e text information documents. To develop
fully functional Silt’e information retrieval system, we endorse considering different
document types in the future study.

e Silt’e use Unicode data encoding scheme, it is challenged to processes the Silt’e text
efficiently. We encourage using translated encoding scheme to design different text
preprocessors and to use available Solr’s efficient text processing algorithms

e Thesaurus is helpful to handle polysemy and synonymy terms for morphologically
complex information retrieval systems. Conducting study by considering thesaurus
for Silt’e language is stimulated.
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Appendix I. Lists of Ethiopic alphabets used for Silt'e

order | 2™order |3 order |4™order [5"order |6"order | 7™ order
v ha v hu 7 hii 7 haa % he v hi v ho
a e & lu A i A laa A& le a i & lo
a  me ao- mu @, mi 7 maa T me o mi ® mo
Lore ¢ ru 6 i ¢ raa & re C ri C 1o
0 se (+ su L si 4  saa 0 se a si 0 so
0 Sa - Su . sii 4 Saa . Se n o si o So
¢ Qa ¢ qu ¢ qil 2 (aa ¢ Qe ¢ qi $ Qo
n ba (+ bu (. bii 0 baa N be A bi 0 bo
+  te + tu t o tii J  taa +  te + i + 10
F o ca Focu £ Cil F caa Fooce T ci ¥ co
" ne * nu L ni Y naa 5 ne TN ¢ no
T fa "+ fiu L & flaa |% fe % i ® Mo
A a A U Ao i A aa h ee Ao A O
h ka - ku . Kii h  kaa h ke h ki b ko
® wa @ wu e wil ? waa ® we @ WU P Wo
H za H  zu H  Zii H zaa L ze H  Zi H Z0
W 7a o Zu w il W Zaa W Ze oz " 70
? vya 2 yu e il £ yaa |% ye 2 yu & yo
L da 4 du 4 dii 4 daa L, de & di &  do
% ja % ju g ji % jaa |®& je & i k3 jo
7 ga T+ gu 1. Qi D Qaa 1 Qe 9 qi 7 Qo
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m ta tu m. i M taa m te T i m to
6 Ca cu . Gl %, ¢aa e Ge s Ci € ¢O
A pa pu 4 pii % paa % pe & pi 2 po
4. fa fu & i 4 faa é fe ¢ i & fo
T pa pu T pii T paa T pe T pi 7 po
Appendix Il. Lists of Silt’e stopwords

a8 LC G4 A

aVb At ¥ ¢m

AL 4.6 ATt ALC

a itk (508 11 aNg

Al 17 U-A9°n i

Al PL AAL0Lh )Y

A% Oc AL Sl

A% A'lh ANOL+IP Sl

ht AT0 AO°TA 177

At . AT 19198

Al 7% AN 612

Al ALl AQ,pav- tragge

P hLTh U4 rgP Y]

(C AL £ae 7171,

he AL At v-rt7av
ALAL o, UM UG H.acP
A% Ft +éC hAZL

néan qC FET V18

a\PL qct PO s
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9

AN
AN
[1ley¢"
AG(L
AT
Peh,

F

17

AOT

°TH
e
S+
AN
0nah

oht

Appendix I11. Lists of Silt’e prefixes

AN@-

hh@-

({7

A

A

he

ht

£c
ALTh
s
AlLA
TG
N@-¢+9°h
11
s
T2
hG3
71
Ui
A%
(CP
1999,

L™

Wt

A\

Al

Ad\

wt

T8
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htt
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Appendix IV. Lists of Silt’e suffixes

h-qravo-
L2
REN
AT
hav-
(4
f-av-
y.av-
.
2t
%
AT
T

¥

Adve

%7

Ay

F°

+5

o 5
U h
b av
7 av-
[ a,
b P
A 0
+ L
+ K}
b i
h h
A g
-

e
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Appendix V. Schema structure for Silt’e text information retrieval system

<?xml version="1.0" encoding="UTF-8" 7>
<schema name="silte_tirs" version="1.6">
<field name="_version_" type="long" indexed="true" stored="false" />

<field name="id" type="string" indexed="true" stored="true" required="true"
multiValued="false" />

<field name="content_type" type="string" indexed="true" stored="true"

multiValued="true"/>
<field name="links" type="string" indexed="true" stored="true" multiValued="true"/>
<field name="_src_" type="string" indexed="false" stored="true"/>

<field name="content" type="text_general" indexed="false" stored="true"

multiValued="true"/>

<field name="text" type="text_general" indexed="true" stored="false" multiValued="true"/>
<fieldType name="string" class="solr.StrField" sortMissingLast="true" />

<fieldType name="boolean" class="solr.BoolField" sortMissingLast="true"/>

<fieldType name="int" class="solr.TrielntField" docValues="true" precisionStep="0"
positionincrementGap="0"/>

<fieldType name="float" class="solr.TrieFloatField" docValues="true" precisionStep="0"
positionIncrementGap="0"/>

<fieldType name="long" class="solr.TrieLongField" docValues="true" precisionStep="0"

positionincrementGap="0"/>

<fieldType name="double" class="solr.TrieDoubleField" docValues="true" precisionStep="0"

positionincrementGap="0"/>
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<fieldType name="tint" class="solr.TrielntField" docValues="true" precisionStep="8"

positionIncrementGap="0"/>

<fieldType name="tfloat" class="solr.TrieFloatField" docValues="true" precisionStep="8"

positionincrementGap="0"/>

<fieldType name="tlong" class="solr.TrieLongField" docValues="true" precisionStep="8"
positionincrementGap="0"/>

<fieldType name="tdouble" class="solr.TrieDoubleField" docValues="true" precisionStep="8"

positionIncrementGap="0"/>

<fieldType name="date" class="solr.TrieDateField" docValues="true" precisionStep="0"

positionIncrementGap="0"/>

<fieldType name="tdate" class="solr.TrieDateField" docValues="true" precisionStep="6"

positionIncrementGap="0"/>
<fieldType name="binary" class="solr.BinaryField"/>
<fieldType name="random" class="solr.RandomSortField" indexed="true" />
<fieldType name="text_ws" class="solr.TextField" positionincrementGap="100">
<analyzer>
<tokenizer class="solr.WhitespaceTokenizerFactory"/>
</analyzer>
<[fieldType>
<fieldType name="text_general™ class="solr. TextField" positionIncrementGap="100">
<analyzer type="index">
<tokenizer class="solr.StandardTokenizerFactory"/>

<filter class="solr.StopFilterFactory" ignoreCase="true" words="stopwords.txt" />
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<filter class="solr.LowerCaseFilterFactory"/>

</analyzer>

<analyzer type="query">

<tokenizer class="solr.StandardTokenizerFactory"/>

<filter class="solr.StopFilterFactory" ignoreCase="true" words="stopwords.txt" />

<filter class="solr.SynonympFilterFactory" synonyms="synonyms.txt" ignoreCase="true"

expand="true"/>
<filter class="solr.LowerCaseFilterFactory"/>
</analyzer>

<[fieldType>

<fieldType name="phonetic" stored="false" indexed="true" class="solr.TextField" >
<analyzer>
<tokenizer class="solr.StandardTokenizerFactory"/>
<filter class="solr.DoubleMetaphoneFilterFactory" inject="false"/>
</analyzer>

<[fieldType>

<fieldType name="payloads" stored="false" indexed="true" class="solr.TextField" >
<analyzer>
<tokenizer class="solr.WhitespaceTokenizerFactory"/>
<filter class="solr.DelimitedPayload TokenFilterFactory" encoder="float"/>
</analyzer>

<[fieldType>
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<fieldType name="descendent_path" class="solr. TextField">
<analyzer type="index">
<tokenizer class="solr.PathHierarchyTokenizerFactory" delimiter="/" />
</analyzer>
<analyzer type="query">
<tokenizer class="solr.KeywordTokenizerFactory" />
</analyzer>
<[fieldType>
<fieldType name="ancestor_path" class="solr. TextField">

<analyzer type="index">
<tokenizer class="solr.KeywordTokenizerFactory" />
</analyzer>

<analyzer type="query">
<tokenizer class="solr.PathHierarchyTokenizerFactory" delimiter="/" />
</analyzer>

<[fieldType>

<fieldType name="Silt'e_text" class="solr.TextField" positionIncrementGap="100">

<analyzer>
<tokenizer class="solr.StandardTokenizerFactory"/>

<filter class="solr.StopFilterFactory" ignoreCase="true"
words="lang/stopwords_st.txt" />

</analyzer>

<[fieldType>

<fieldType name="preanalyzed" class="solr.PreAnalyzedField">
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<analyzer type="query">
<tokenizer class="solr.WhitespaceTokenizerFactory"/>
</analyzer>

<[fieldType>

</schema>
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