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Abstract

Accessing relevant information is one of the major problems faced by Tigrigna language users
for every domain of knowledge when dealing with huge amount of information especially in the
Internet. Evidently, users are interested in obtaining a specific and precise answer to a specific
question. However, obtaining a relevant and concise answer is a challenge to particular user

question. For such situation, Tigrigna Question Answering system is a good solution.

The proposed QA system comprises of question analysis, document analysis and answer
extraction modules. The main function of question analysis module is taking a Tigrigna Question
as input and then generates a query, expands a query and determines its Question Particle and
Question Type. A statistical language model approach is used to model the classification of
Tigrigna questions to their category or type. The document analysis module performs the process
of pre-processing of parallel corpora, which are documents that contain question sentences in one
document and answer sentences in another one, and also ranking and extracting answer contents.
Answer extraction also performs the detail analysis on the retrieved answer contents based on the
question type, question particle and query using the techniques of language modeling called
Answer Model. This statistical language model does the extraction process of exact and precise

Tigrigna answer in probabilistic manner from sets candidate answers.

Generally, this system developed after reviewed literatures and related work, and selected the
appropriate tools and data source such as Moses, GIZA++ and IRSTLM as tools and different
Webs and Tigrigna newspapers and magazines as data sources. Our data sets are classified for
training and testing activities of the system. Based on this, we collected around 1000 data sets for
training and 200 data sets for testing. Performance evaluation conducted manually by comparing
the systems answers with the answers exists in testing document, which is prepared for testing
purpose. Finally the evaluation results of Tigrigna factoid QAS is expressed in terms of the
average performance of a question type classifier which is 87%, and the average Precision,
Recall and F — measure of the answer extraction, precision is 88.5%, recall is 85.9% and F —

measure is 87.2%.

Keywords: Tigrigna question answering, Tigrigna Factoid questions, Language model based

question classification, question analysis, Document Analysis, Answer Extraction.
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Chapter One: Introduction

1.1  Background

Automatic knowledge discovery and information retrieval are becoming more and more essential
mainly in facts when we are dealing with a huge amount of information especially in the
Internet. Accessing to the relevant information is one of the major problems faced by the user
practically for every domain of knowledge. Particularly, the user lacks time to find a short and
precise answer to a query among the variety of available documents. Therefore, precision in
retrieving the accurate information is crucial and a challenging task [5].

Information Retrieval is the art and science of retrieving information from a collection of
documents that are relevant to the user based on its query [2]. In the case of search engines, a
user can ask natural language questions then the results that they return are usually sections of
documents which may or may not contain the answer but which do have many words in common
with the given question by the user. Evidently, the user is interested in obtaining a specific and
precise answer to a specific question. But, there is a challenge capable of obtaining a relevant
and concise answer. For such situation, Question Answering systems are a good solution in
dealing with this challenge [2].

Question Answering (QA) system in Natural Language Processing (NLP) is a man machine
communication system that provides correct responses to the user's questions in short and
accurate manner. When we compare standard document retrieval systems and question
answering system, standard document retrieval systems which just return relevant documents to
a user query but a QAS has to respond with a specific answer to Natural Language (NL) query
mean that traditionally IR concentrates on finding whole documents while QAS tries to provide
only one or a small set of specific answers to an input question [2].This is due to question
answering system requires a much deeper understanding and processing of text than most web
search engines|[3].

The historical development of question answering system passed different stages in different
time. Two of the most famous QA systems are BASEBALL and LUNAR which were developed
in the 1960s. BASEBALL answered questions about the US baseball league over a period of one

year. LUNAR, also answered questions about the geological analysis of rocks returned by the
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Apollo moon missions. Both those QA systems were very effective in their chosen domains. In
fact, LUNAR was demonstrated at a lunar science convention in 1971 and it was able to answer
90% of the questions in its domain posed by people untrained on the system. The common
feature of both these systems is that they had a core database or knowledge system that was
hand-written by experts of the chosen domain [4].

The 1970s and 1980s saw the development of comprehensive theories in computational
linguistics, which led to the development of ambitious projects in text comprehension and
question answering. One example of such a system was the Unix Consultant (UC), a system that
answered questions pertaining to the UNIX operating system [3]. The system had a
comprehensive hand-crafted knowledge base of its domain, and it aimed at phrasing the answer
to accommodate various types of users. Another project was LILOG, a text-understanding
system that operated on the domain of tourism information in a German city. The systems
developed in the UC and LILOG projects helped the development of theories on computational
linguistics and reasoning [3].

In the late 1990s the annual Text Retrieval Conference (TREC) included a question-answering
track which has been running until the present. Systems participating in this competition were
expected to answer questions on any topic by searching a corpus of text that varied from year to
year. This competition fostered research and development in open-domain text-based question
answering. The best system of the 2004 competition achieved 77% correct fact-based questions
[3].

In 2007, the annual TREC included a blog data corpus for question answering. The blog data
corpus contained both "clean" English as well as noisy text that include badly-formed English.
The introduction of noisy text moved the question answering to a more realistic setting. Real-life
data is inherently noisy as people are less careful when writing in spontaneous media like blogs.
In earlier years, the TREC data corpus consisted of only newswire data that was very clean [6].
An increasing number of systems include the World Wide Web as one more corpus of text.
Currently, there is an increasing interest in the integration of question answering with web
search. Ask.com is an early example of such a system, and Google and Microsoft have started to

integrate question-answering facilities in their search engines [6].
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In different question answering systems there are different question categories. As a result, it
requires different strategies to answer for a particular question. Questions are normally asked
using interrogatives in different forms such as [2, 7, 8, 9]:
e Factoids are those for which the answer is a single fact. Simple interrogative questions
await an answer related to a named entity.
e List questions are factoid questions that require more than one answer.
e Definition type questions require word meaning, term definition, and description of term
and so on.
e Descriptive questions require a more complex answer, usually constructed from multiple

source documents.

1.2 Motivation
In today's Internet IR systems, users can submit a set of keywords, which represent their

information needs. These queries are then processed by the system and a sorted list of relevant
documents is returned. Such systems are also referred to as Document Retrieval systems [2]. For
example, if a user wants to know “¢& a¥ape e7TachHt ATeXf/the first university of
Ethiopia”, he/she probably searches the Web using “a®ame” “@racat”, and“Ade&f” as
keyword query. Afterwards, the resulting documents have to find the desired answer for such
queries by matching those words with words or phrases in the documents. However, if it was
possible to directly ask the system by using “¢8 o®em@ e7raCHt AF&P a% LA7A?
/What is the first university of Ethiopia?” In this case, the answer of the system to this
natural language question should not be a set of documents but the concise answer “A444 A0AQ
e70Cht” based on “a% @AY A” pattern that refers the entity respect to the organization of
“Addis Ababa University”.
The choice of factoid questions versus other types of questions is motivated by the following
factors [12].
o A considerable percentage of the questions actually submitted to a search engine are
factoid questions [12]. Current search engines are only able to return links to full-length
documents rather than brief document fragments that answer the user"s question.

o The frequent occurrence of factoid questions in daily usage.
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1.3 Statement of the Problem

Tigrigna is an Afro-Asiatic language belonging to the Semitic family*s branch, designated
official language of Tigray Region in Ethiopia and the national language of Eritrea [11]. As a
result, availability of Tigrigna language textual information is highly increasing from time to
time in general. Literature work, a number of newspapers, magazine, educational resources,
official credentials and religious documents have been written in the language, that information
can be found electronically on different places online and offline as sources of information in the
world [10].

Since the emergence of the idea of QAS, lots of researches have been done in different languages
and showed good results. Few attempts have been made to develop a QA for local languages
such as Amharic language [1, 13, 14] and Afaan Oromo [15]. Both Tigrigna and Ambharic
languages are Semitic languages and use the same Geez script called “Fidel (4.£4)” however;
they have different linguistic properties such as character representation and pronunciations, and
sentence and question construction etc., such a difference shows that those system developed for
Amharic language can not be used for Tigrigna language because they have language
dependency . So, to the best knowledge of the researcher, nothing has been done for Tigrigna. In
this research work, we would try to develop Tigrigna Question - Answering system for fact-
based questions seeking answers related to different types of entities such as person, place,

organization, time, quantity, etc.
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1.4 Objectives
General Objective

The general objective of this research work is to develop Tigrigna Question Answering System

for factoid type questions.

Specific Objectives

The specific objectives of this research are:

e Understand the grammatical structure of questions and statements of Tigrigna language
related to factoid question types and question answering.

e Propose architezcture for Tigrigna Factoid Question answering system.

e Developing Tigrigna Question Answering corpus.

e Developing a language model for Tigrigna Factoid Question Answering system.

e Training the training data sets and performing analysis over Tigrigna questions and answers
prepared for testing as testing data set.

e Develop a prototype.

e Evaluating the performance of the system.

1.5 Methods

Literature Review

Literature review has a vital role for identifying problems, finding gaps, identifying
methodologies, etc. In addition, in order to understand the linguistic of Tigrigna language and
state-of-the-art in question answering, books, articles, journals and other publications will be
reviewed.

Tools

In order to achieve the research objectives, a number of tools and methods or approaches will
needed such as Moses, GIZA++ and IRSTLM.

Data Sources

Question- Answer Tigrigna corpora will be collected from the Web and Tigrigna newspapers and

magazines.
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Testing

Performance evaluation will be conducted manually by comparing the system,s answers with
their corresponding manual answers of the questions prepared as a document containing question
and answer pairs for testing. That is, the evaluation metrics like precision and recall will be used

for the evaluation.

1.6 Scope and Limitations
A fully developed QA system will require a number of natural language processing techniques

and tools such as Sentences parser, Chunker, Part of Speech (POS) tagger, Stemmer, Named
Entity Recognizer (NER) and so on. Even though some of the NLP tools have been developed by
some researchers, they are not publicly available to use and integrating with our system. Having
these limitations in mind, our scope would be:
e Answering only “e?7 (who)”, “A02 (where)”, “e?%H (when)”, “h72& (how many)” types
of Tigrigna Questions.
e Tigrigna News collected from different newspapers and magazines or free text used as a

source of questions for training and testing purpose.

1.7 Application of Results

As QA is an extension to search engines that provides short and precise answer to a given
natural language question, this system can be employed in retrieving short answers in Tigrigna

language for factoid type of questions from collection of documents.

A fully developed Tigrigna Question Answering System would have a great contribution in
different real-world applications such as automated customer services, suggests directions in
driving system, Tigrigna E-learning by providing correct answers to students, reservation system
and giving online help in the absence of information desk personnel by providing information

about an organization automatically.
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1.8 Thesis Organization
The remaining parts of this thesis are organized as follows. Chapter Two presents literature

review. Chapter Three presents critical reviews related question answering works for factoid
based questions of different languages and approaches they used. It presents the gaps in the
reviewed researches. It also describes the proposed solution to bridge the gaps. Chapter Four
explains a detailed description of architectural design of this proposed QA modules, components,
subcomponents and then it describes architectural design along with its implementation. Chapter
Five presents the evaluation mechanism or criteria, and the corresponding empirical results of the
proposed system along with their interpretations. Finally, Chapter Six concludes the thesis with

the research contributions, conclusions, and future works.
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Chapter Two: Literature Review

2.1 Introduction
In this chapter, we concentrate on addressing Question Answering system development

strategies. The first section presents the details of question answering system from Information
Retrieval and Natural Language Processing perspective. The second section will cover the
dimensions that determine question answering systems in terms of the level of understanding and
reasoning, type of data they used and whether the system is domain specific or domain
independent. The third section covers descriptions on general QA architectures. The fourth
section explains the details on QA components. The remaining sections describe about Tigrigna
Language, grammatical features of Tigrigna language, kinds of sentences in Tigrigna language

and finally described about Tigrigna Factoid questions.

2.2 Question Answering System
Question Answering (QA) is commonly defined as either a type of Information Retrieval (IR)

because it usually deals with large quantities of information or a subfield of Natural Language
Processing (NLP) because it is mostly concerned with the interpretation of much smaller pieces
of texts [7]. Answers are required to provide the correct information for questions that are
requested by human being. Generally, Question Answering System (QAS) is an interaction of
human and computer system that includes understanding a user information need, retrieving
relevant documents from collection of documents, extracting and ranking available answers and

finally providing short answers to the users question [15].

2.3 Dimensions to Question Answering Systems
The problem of question answering can be described according to a number of different

dimensions. Roughly, those dimensions can be divided into level of understanding and
reasoning, type of data they use, and whether the system is domain specific or domain
independent [9].

Level of understanding: systems can be distinguished by their overall purpose and level of
information need and understanding [9]. Under this dimension, question types can be used to

categorize a QAS, because they require different strategies to deal with them. From those,
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Factoid Question Answering systems are the simplest and return their answers based on named
entities. Three types of entities are distinguished to be recognized and categorized [12]:
ENAMEX: detection and classification of proper names and acronyms. The classes
considered in this subtask are:
e Organization: named corporate, governmental or other organizational
e Person: named person or family
e Location: name of politically or geographically defined location (cities, provinces,
countries, international regions, bodies of water, mountains, etc.)
TIMEX: Detection and classification of temporal expressions. The classes considered in
this subtask are:
e Date: complete or partial date expression.
e Time: complete or partial expression of time of a day.
NUMEX: Detection and classification of numeric expressions monetary expressions and
percentages. The classes considered in this subtask are:
e Money: monetary expression
e Percent: percentage
Based on the level of processing applied to the questions and documents, a system can be either
shallow or deep system. Shallow QAS uses keyword based or question reformulation techniques
to locate interesting passages and sentences from the retrieved documents. However, Deep QAS
uses more sophisticated syntactic, semantic and contextual processing to extract or construct the
answer of a question such as Named Entity Recognition and Classification (NERC) [19].
Type of data: question answering requires a data source which may be a single or a collection of
documents. The type of data in those documents can be distinguished as structured data (e.g.
databases), semi-structured data (e.g. comment fields in databases) and free text (e.g. news wire
collections) [4].
Databases are the most popular answer sources that store structured data. Structured Query
Language (SQL) is used to retrieve data from databases. LUNAR developed to answer Natural
Language (NL) questions about the geological analysis of rocks returned by the Apollo Moon
Missions is an example of such a database system. The performance of this system was excellent

in terms of accuracy achieved [20].
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Frequently Asked Questions (FAQ) are another answer resource in various commercial/business
customer service and those only able to focus on processing input questions and matching them
with FAQs. Like other systems they don‘t require question analysis and answer generation
stages. For an input question, if an appropriate FAQ is found, then using lookup table method
corresponding answer is retrieved [21].

Question answering systems are nowadays almost exclusively concerned with free text data.
TREC focuses on a fixed collection of news articles, however many systems participating in the
contest are also capable of using the entire web as a knowledge source. Web QA uses search
engines like Google, Yahoo and Alta-Vista etc. to retrieve web pages that contain answers to the
questions. Some systems combine the web information with other answer resources to achieve
better QA performance [3, 5]. AQUAINT corpus used in TREC QA Track consists of newswire
text data drawn from three sources [22].

Generality: we can also make a distinction between systems that are either domain specific
(closed -domain) or domain independent (open-domain).

Open domain Question Answering System is a research area of Natural Language Processing
aimed at providing a convenient and natural interface for accessing information. It deals with
questions about nearly everything [16]. TREC is concerned with open-domain systems, i.e.,
systems that attempt to answer whichever question a user wants to know the answer [5]. These
systems usually have much more data available from which to extract the answer and then to
answer unrestricted questions, world knowledge would be useful. ASKJEEVES is the most well-
known open domain QA System [17].

Closed domain Question Answering Systems deal with questions under a specific domain (for
example, medicine or automotive maintenance) and can be seen as an easier task because NLP
systems can exploit domain specific knowledge frequently formalized [16]. Closed domain refers
to a situation where only limited types of questions are accepted and correct answers to a
question may often be found in only very few documents since the system does not have large
retrieval set. BASEBALL system is a restricted domain QA System that only answers questions

about the US baseball league over a period of one year [18].
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2.4 General Architecture of QA system
The generic question answering system has four main components namely question analysis,

document retrieval, document analysis, and answer selection. The question analysis component
is used to analysis question structure and it*s semantic. Depending on the class of the question, a
query is formulated which is posed to the document retrieval component. Some information such
as the question class and a syntactic analysis of the question, are also sent to the document
analysis component [6].

The document retrieval component is generally a standard document retrieval system which
identifies documents that contain terms from a given query and returns a set or ranked list of
documents that are further analyzed by the document analysis component. The document
analysis component takes documents as input that are likely to contain an answer to the original
question, together with a specification of what types of phrases should count as correct answers.
The document analysis component extracts a number of candidate answers which are sent to the
answer selection component. The answer selection component selects the phrase that is most
likely to be a correct answer from a number of phrases of the appropriate type. It returns finally
the precise and concise answer to the user [8].

Figure 2.1, shows the main components of the generic architecture of QAS [6, 8, 15].

Figure 2 1 Summary for the main components of the generic architecture of QAS
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2.5 Tasks in Question Answering System Components
Most QA systems perform different tasks inside their components. Those tasks can be grouped

into tasks inside question processing, document processing and answer processing [4]. The tasks
performed in question processing consists of tasks such as construction of question, derivation of
expected answer type and keyword extraction. Additionally, question reformulation also
performed [5, 9]. User question may have different forms. However, the need to understand the
semantics of the question is essential and it termed as Question Processing [6].

Different tasks performed in Document processing typically include keyword expansion,
document retrieval and passage identification. Keyword expansion involves taking the keywords
extracted while question processing and looking them up in a thesaurus, or other resource and
adding similar search terms in order to fetch as many relevant documents as possible[5].

Answer processing consists of components such as candidate answer identification, answer
ranking and answer formulation tasks. Identifying candidate answers means taking the results
from identified passages and then ranks according to a ranking algorithm or set of heuristics [4,

9]. Finally, it formulates specific answers.
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2.6 Question Classification and Expected Answer Type
Question classification techniques help to answer a user question correctly by identifying users

need. Those techniques simplify the searching of an answer by giving clues such as predicts the
type of the answer based on the provided user*s query [14, 15]. The possible entity type for the
factoid questions types are: Person, Location, Organization, Date and Quantity depend on
question particles of the question. Table 2.1 Shows the Tigrigna factoid question particles and

expected answer type.

Table 2 1 Question Particles and Expected Answer Type.

S.no Question particle Expected answer type
1 “.avy/ 7javy/ avyavy/  Rwyavy  /avyyavy/  GRavy/ | Who Person or
hQ1avy/ 1avy organization
2 “.A0e/  NRT/AahN ANg/hNe  / GNR/  ARIRt/
ARG/ RPLAY®/ ANRZAY®/ ONE/ h(PSe/ NPGe?” Where Place
3 “.0%H/avkH/ kOl a9t /ha o9/ hahN
ahH/ha0 a°hH/Ql aPAH /Al av9H /eokd /19t / | When Time and Date

NaoaH/ (1a°GH /av9H 9, / aPkH 9, / aPhH LH/

avSy 1L1?”
4 “.0h7ee/ h1Le MHhhd/ ThiLe/ NhiLe /bl
h7ee/ hafl h7Le / AN h7ee / anhN h7ee / | How many Number or Quantity

Ng°73L Hahd / 7Tee0d / Neeh/ hiiee?”

Classification of a question can be categorized into coarse and fine for simplicity and low
confusion at the moment of categorization. It will be done in two steps; in the first step the
question will belong to one of the sixth coarse groups then with attention to coarse group, each
coarse fine will belong to its sub-category. The coarse classes are as follows: abbreviation
(ABBR), entity, description (DESC), person, location and numeric [27]. The abbreviation

(ABBR) category consists of two subcategories. One subcategory concerns how acronyms
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should be expanded (ABBR: expansion) and the other concerns how to abbreviate a given term
(ABBR: abbreviation).

The entity category handles questions that ask for a specific object that fits a description, e.g.,
“N72L MR £1R3T A0 AFCXE LHLN?” /“How many languages were spoken in Ethiopia?”
This can belong to (Entity: language) or “A#4¢&f APt G0N AQ-CT WHFART P°UCTE HCA AL
A%?” /“What agricultural product does Ethiopia export to Europe mainly?” this also to (entity:
product). There are 22 subcategories to this coarse class.

The DESC category is concerned with questions that ask for more elaborate answers. The
category consists of the following subcategories: definition (DESC: definition), description
(DESC: description), manner (DESC: manner) and reason (DESC: reason). Definitions basically
refer to definitions of terms and concepts, for example “4.9°hé-(L A73L “10T A%? / What does the
term democracy mean?” the description category covers questions like “ny°Te+C 1here &NACH?/
how does a computer work ?” that needs an elaborate factual description of a term or event or
process. Manner refers to questions like “16 9°h4d ere L7 £N@7? /How does a bill
become law?” that asks for a description of a process. Finally, the reason category covers all
why-questions. These are perhaps the most difficult questions to answer. Question answering
system for those question types has a goal to make inferences by itself from different sources of
information and present to user the answer as well as the inference chain.

The person category covers questions relating to specific humans or human organizations. The
individual (person: individual) covers questions that ask for a specific person that fits a given
description such as “bAE7T @R.L9T AN HIP/H ooy A%? /who invented a telephone?” The group
category (person: group) is concerned with questions where the answer is a group or
organizations of people, such as a company. There is also a title category (Person: title) for
questions that ask for a person's profession or title, example “6¢ N9 T&HATE av7 6NV /
Who is the president of Egypt?” and there is a description category (person: description) are
questions that request information about a person, such as PAv~7 100 9% ~A%? /Who is “Tlahun
Gesese?”

The locations or place class covers geographic and virtual locations. Subcategories that cover
geographic locations can be: city (location: city), country (location: country), mountain (location:
mountain) and state (location: state). A fifth category (location: other) covers other geographic

(e.g. planets and rivers) and also virtual locations (e.g. web addresses). For example Caa hta?
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A& ® a7 (0YA?/ what is the capital city of Ethiopia?” “h-Ql 4A9® At HANP 20 ANL

£ChN?’/where do you found the largest mountain in the world?”

Finally, the numeric coarse class covers questions that request for some kind of numeric

information such as dates, prices, ages and speed. There are 13 subcategories, 12 concerning

specific numeric information and one category for those that do not fit the other 12 (number:

other) example “HaPGP. AAI°Th @v%H -+Eav4.2 / When was a modern Olympic started? ”. Table

2.2 shows lists of coarses and fines of classification of aquestion.

Table 2 2 List of coarses and fines of classification of a question

Coarse Fine
hAcheét-Fi (ABBR) Ache-ét-Fé (Abbreviation), e (expansion)
ao(q, (DESC) 190 (Definition), 749 (description), 4700 (manner), 902+

(reason)

aha (ENTITY)

A70A (Animal) , Ahd (body), hié (color), 9°UH (creation),
0Cé.(currency), cho19°/chh9°S (disease/medical), 99% (event), 7°(L
(food), avdéd. (instrument), £7% (language), &84 (letter), FhA.
(plant), °vct (product), 7&919t (religion), AZ°Ct (sport), 11
(substance), 9°Aht (symbol), 924 (technique), &2+h( term), 3G HE
(vehicle), #é (word), hi.a (other)

o400 (PERSON)

7049 (description), 78 (group), ch&he (individual), 79041 (title)

7 (LOCATION or Place) hto(city), 714(country), 20(mountain), hdd(state) h&Aht+97 (sub-
city) HQ (zone), @44 (wereda) hdLAa (other)
#86 (NUMBER) ne  (code), é4+L(count), oAr(date), Cechdt (distance), 77HN

(money), £Z% (order), 91.x3® (percent), AP? (period), &Trt
(speed), av®+ (temperature), 49P7 (size), -0+ (weight) , hAdhk
(other)
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2.7 Approaches to Question Answering System
The three main approaches to classify a question answering system can be: rule-based, machine

learning based and language modeling based.

Rule based approach; hand-written grammar rules and a set of regular expressions are
employed to parse a question and to determine the answer type [14]. This approach determines a
question type based on the sentence pattern, which includes the interrogative word, certain
sequences of words and some representative terms of particular question classes. Rules can be
constructed manually to automatically classify questions and then does not require hand labeled
training data. However, this approach has limitations; it is difficult to include all the possible
patterns of the language in the rules, based on handcrafted rules that require linguistic
knowledge, has human intervention and expensive to modify or maintain and extend [15].
Machine Learning Based, the type of the answer is predicted after the machine is trained with a
training data set. However, it needs more training data in order to provide best results because it
automatically learn and improve with experience. Here, learning means recognizing and
understanding the input data and making wise decisions based on the supplied data [15].
Machine learning only focuses on predictive modeling. But, language model focuses on all
aspect of data-analysis such as descriptive, exploratory, inferential, predictive and causal.

Language Model Based

A language model assumes human language generation as a random process and its aim is to
represent that process by a statistical model to predict the next word by using context of the
previous word. In another word, a language model is an estimate of words occurrence
probabilities [2, 16]. This approach can be used in speech recognition, question answering and
other natural language processing with lists of advantages such as novel way of looking
problems of text retrieval based on probabilistic manner which is conceptually simple and
explanatory, and formal mathematical model. In question answering task, a language model used
to classify a question performs by developing a class to each questions based on the training data
set. The probability of generating a question class is calculated for each class based on its

language model and the highest probability determines the classification [15].
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2.8 Language modeling for Question Answering
QA extends IR techniques to return a concrete answer to a question instead of references to full

documents which are relevant to a query. QA attracted the attention of researchers for some
years and several public evaluations have been recently carried in the TREC, CLEF, and NTCIR
conferences using different approaches [30]. In a language model approach, to retrieve the
correct answer, different techniques could be needed such as Statistical Machine Translation
(SMT), which is a technique used to bridge the lexical gap between questions and answers of
factoid QA. In such situation, the answer can be treated as a translation of the question using
translation models by creating Question-to-Answer pair. Thus, the best translation for a given
source sentence is the most probable one and the probability of each translation is given by the

Bayes theorem [28].

In this case, the source sentence corresponds to the question Q and the target or translation is the
sentence containing the answer A. With this correspondence, the fundamental equation of SMT

can be written as:
A
A(Q) = argmax P (5) 2.7)

= argmax P (%) P(A) (2.8)

Where P (Q /A) is the translation model and P (A) is the language model and each of them can
be understood as the sum of the probabilities for each of the segments or phrases that conform
the sentence. The translation model quantifies the appropriateness of each segment of Q being
answered by A. The language model is a measure of the fluency of the answer sentence and does
not take into account which is the question. Since in identifying the concrete string that answers
the question and not a full sentence, this probability is not as important as it is in the translation
problem. The rationale of the process is that the SMT model can learn the context where answers

appear depending on the structure of the question.

Generally, a Question Answering System in this approach can be performed firstly, the question
is analyzed with several linguistic processors and then relevant documents are obtained from the

document collection with straightforward IR techniques with a mathematical model and a list of
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candidate answers is generated. Finally, these candidate answers are filtered and ranked to obtain

the final list of proposed answers [30].

2.9 Lingustic Prperties of Tigrigna Language

2.9.1 The Tigrigna Language

Tigrigna (F9ICY) is an Afro-Asiatic language; belonging to the Semetic branch of language
family with writing system is called Ge“ez script. Tigrigna has over 200 Characters that have
different sound. The normal syllable of Tigrigna considered as a consonant followed by a vowel
then those consonants are written in seven slightly different forms corresponding to the seven

vowels. The ways that vowels are applied to all the consonants could be shown in Table 2.3 [11].

Table 2 3 Ge’ez script of Tigrigna Language

Name N o0 Y10 (U] Agen agn aNo

Order 1™ 2™ 3 4" 5° 6" 7"

Transliteration | E U A Ie O

U ) U 7 7 % v v
He Hu Hi Ha Hie H Ho

Q 0 - A A 0 [a Iy
Le Lu Li La Lie L Lo

av . ao- o, a 7 v E b
Me Mu Mi Ma Mie M Mo

Tigrigna also has word endings that vary according to the gender of the person you are speaking
to. Thus, there are two grammatical genders called masculine and feminine, all nouns belong to
either one or the other and then the distinguishing could be performed by their endings, for
instance with the feminine signaled by ¢ such as hé-t kefete 'open', hé-t: kefati 'opener (m.),
hé-t+ kefatit 'opener (f.)' and +9&PL tigraway 'Tigrean (m.)', 114081 tigraweyti 'Tigrean (f.)".
Gender in Tigrigna normally agrees with biological gender for people and animals; thus nouns
such as 40 "o 'father', @4, wedi 'son, boy', and 16¢-8 bisray 'ox' are masculine, while nouns
such as 42 Ade "'mother’, 2d\ gual 'daughter, girl', and A9° lam or Ach“il. lah.mi 'cow' are feminine.

However, most names for animals do not specify biological gender, and the words +063&
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teba,tay 'male' and K702+t ansteyti must be placed before the nouns if the gender is to be
indicated. The gender of most inanimate nouns is not predictable from the form or the meaning,
grammars sometimes disagree on the genders of particular nouns; for example, &h® sehay 'sun'

i1s masculine.

Tigrigna has a singular and plural number. However, nouns that refer to multiple entities are not
obligatorily plural. That is, if the context is clear, a formally singular noun may refer to multiple
entities: oo+ hamushite 'five', A-04L seb ‘ay 'man', hev<tt AN4e hamushite sebut, 'five men'. It
is also possible for a formally singular noun to appear together with plural agreement on
adjectives or verbs: -\t bzuhat 'many (pl.), %44. , ali 'village'; Ot %4 bzuhat ,adi 'many
villages'. Noun plurals are formed both through the addition of suffixes to the singular form
("external" plural) and through the modification of the pattern of vowels within the consonants

that make up the noun root ("internal" or "broken" plural).

Table 2 4 Numbers in Tigrigna Language

External plural internal plural

Singular Plural Singular Plural

%¢t  arat 'bed'

G-I H(9-0t) aratat 'beds

4..0 feres horse'

AN afras 'horses'

&A9°0 omba 'mountain’

K903 embatat 'mountains'

. nhbi 'bee',

AU anahb 'bees',

187 g oyita" master”

18-t goyita" masters"

LCW derho 'chicken'

LU~ derhu 'chickens'

AlnFe haresitay "farmer"

APt harestot "farmer"

av (I menber 'chair’,

a6 menabr 'chair'

™ geza "house" Mo+t gezawti "houses” PAN, kelabi 'feeder', | P11 kelebti 'feeder's'

2.9.2 Grammatical Features of Tigrigna Language

In most languages, there are a small number of basic distinctions of person, number, and often
gender that play a role within the grammar of the language. Tigrigna has its own basic

grammatical features. Some of the grammatical features of Tigrigna language are described as

follows [35, 36].

Noun

In Tigrigna, noun is treated as either masculine or feminine. However, most inanimate nouns do

not have a fixed gender. It also has plural as well as singular forms, though the plural is not
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obligatory when the linguistic or pragmatic context makes the number clear and the way forming

through internal changes ("broken" plural) as well as through the addition of suffixes. For

example, .£N feres 'horse', A&¢-N ‘afras 'horses'.

Adjectives
The adjectives precede the noun or pronoun, which it modifies and agrees with it in gender and
number. The degree of modifying the noun or pronoun of those adjectives could be expressed

with agreement of genders and numbers they modify. For instance, N tsbuq' 'good (m.sg.)',

&N&t; tshgti 'good (fsg.) &/HFF Tsbugat 'good (pl.).

Verbs

Tigrigna has a verb system, which contains two "tenses" but several "aspects” (causative,
intensive, reflexive etc) and the apparent derivation of related words from "roots" consisting of
three consonants: {sbr} 'break', NN< sebere 'he broke', EANC ysebr 'he breaks', T°PNNC msbar 'to
break'. The inflections of these systems give the tense and specify the person and number of

subjects and objects. Due to this, Tigrigna has a default word order in clauses as subject—object—

verb and noun modifiers usually precede their head nouns. As a result, the simplest form of a

verb is generally the third person masculine, singular, simple perfect tense eg NNZ sebere he

broke.

Prepositions

Tigrigna has both simple and compound prepositions, simple preposition of one radical
preposition which is prefixed to nouns, pronouns and adjectives and also the compound
preposition which consists of a simple preposition plus another word. Some main simple

prepositions are presented in the Table 2.5.
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Table 2 5 Prepositions in Tigrigna Language

Simple Meaning Simple preposition Meaning
preposition

afl ab 'on, In, at' S nab 'to, toward'
b 'with' (instrument), 'by' (means, nge kem "like, as'

agent), 'in' (duration)
Tn 'for (the benefit of), to the detriment | NHE bzey '‘without'

of
S8 nay 'of Pnrk m onti, (A sle | 'for, because of, on the

part of'
Io0 ms 'with' (accompaniment) Lehé dhri 'after’
0 kab 'from’ PLT, gdmi 'before'
NHON biza,pa 'about' (concerning) hAad ksa,, haQ kisab, | until
006 saga,,

Pronouns

In Tigrigna, there are basic distinctions of person, number, and gender within the basic set of

personal pronouns. Tigrigna also makes a two-way distinction between near ('this, these') and far

('that, those') using demonstrative pronouns and adjectives. Besides singular and plural, it also

distinguishes masculine and feminine gender. Table 2.6 and Table 2.7 depict personal pronouns

and demonstrative pronouns in Tigrigna.
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Table 2 6 Personal Pronouns in Tigrigna Language

Personal Pronoun
Tigrigna English Number Gender
Al I Singular
700 You Singular Masculine
70T Singular Feminine
kG He Singular Masculine
EQ She Singular Feminine
1ehS We Plural
e You Plural Masculine
0hth7 Plural Feminine
TR They Plural Masculine
FLbat Plural Feminine
Table 2 7 Demonstrative Pronouns in Tigrigna

Number Gender Near Far

Masculine All. Ezi Wt Eti
Singular Feminine AlLA Ezi'a hth Etid

Masculine AHLAT® | hHLAPI® Ezieom , ezi'atom | AEAT® | hbaB9® Etieom ,
Plural eti'atom

Feminine hllh7? | ALATT Ezi'en, ezi' aten hth? | WERTT Eti'en, eti' aten

2.9.3 Tigrigna Sentence Construction
Tigrigna sentence (a2<h A1) may consist of one clause (independent clause (P4 h4°T)) or more

clauses (independent and dependent clauses (Qh(L Z°T)). On the basis of the number of clauses

and types of clauses present in a Tigrigna sentence, the sentences are divided into four kinds

[36]:

e 16A ov-fh A4l (Simple Sentence): a sentence consists ofonly one independent

clause containing a subject (0% (1) and a verb (“10) and it expresses complete thought.

There is no dependent clause.
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Examples: 7( Och. 124::/ He laughed. a-f9° @&¢( AAav:: / they are sleeping.
apch A A9:: / 1 bought a book.

o &CAl ov:ivh AHAl (Compound Sentence): a sentence consists of at least two independent
clauses joined by coordinating conjunctions. There is no dependent clause in a compound
sentence. The coordinating conjunctions used to join independent clauses are “aA /and,
A9°NC/ but, @G L9 /or, h' &k [yet, A9°OAC /s0”.

For example, A HAhTH-P NM6“7, hr0 A%::/ | helped him and he became happy.

o  M@APH 9ok Adl (Complex Sentence): a sentence consists of one independent clause
and at least one dependent clause joined by subordinating conjunction (A /because, o411/
since, 7%V when, 1€/ unless etc) or relative pronoun (h9°/that, 2%/ who, AP5€/which etc).

Examples:  #29° HL&AL HilL @8, LTNe::/ T met the boy who had helped me.
7 LG L0 O hGhe- +9.5:: / She is wearing a shirt which looks nice.
o L&CA -ch@APO av(vh HAN (compound-complex Sentence): a sentence consists of at least
two independents and one or more dependent clauses.
Examples: 7 61 hAE 9°0 DL At 08AG G HAOMA 64,0 NIPNL dohG TH.A::
He went to college and I went to a market where I bout a book.
A A Q4D he TR 1T ADS &hHC NTO-7 (A LA NT1-VSDT 4D he::
I like Mathematics but my brother likes Biology because he wants to be a doctor.
Based on their purpose, Tigrigna sentences are distinguished into the following four types of the
sentences:

% 1A% av(vh AAA/ declarative sentence: are those sentences that make a statement and end

with “:: /aCQot 1.,
o Forinstance: &¥4 WD av9t: :: / The day was lovely.

% htFR av-ivh KA1 / interrogative sentence: are those sentences that could be asked a
question for obtaining new information. It constructed with the help of interrogative
pronouns or adverbs and finally at the end, it has an interrogative mark. Tables 2.8 depict

the interrogative pronouns and adverbs in Tigrigna language.
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Table 2 8 interrogative pronouns and adverbs in Tigrigna Language

Tigrigna English Tigrigna English

YN What avoH When

A0L Where av’y Who

nne From where POy With whom

Qne To where G av7y Of whom , whose
v To whom aPq9L Which

nee How many havg, How

N3 How, by what means R Why , for what

% RI9P av-ivh HAMl / exclamatory sentence: are those sentences that could use a more
emotional version of a common statement and end with an exclamation mark “!”.
o For example: 9°h.C &P HTrF “104t! / What a lovely day!
% FRHHE av-(A HA)/ imperative sentence: are those sentences that could be usually used
to express a demand, request or call for action:

o Forexample: <0%¢::/let's forget.  ThC&AL °hc:: / Do try to understand me.

2.9.4 Tigrigna Factoid Question
Tigrigna factoid question is a question that requires an answer which presents only a single fact

using simple interrogative question particles such as “e?7 (who)” that refers to a person, “A0&
(where)” that refers to places, “e?%H (when)” for specific time and months etc.., “h7%28& (how
many)” to indentify quantities or amounts [37]. Table 2.9 depicts lists of Tigrigna factoid

questions and their type.

Table 2 9 Tigrigna factoid questions

Question Type Particle
470, hA7L G2 a0y IC TLHATE 126907 Person GQ, avy
L0 AN M AMLANEC DHY GA9° NPT HHEAL 0788 Govk 1?7 | Quantity Nh7Le
TL L LLP LA a0 +ETLE? Time a0t
0.9 M4 PLUT ANL TOAS? Place aNg
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Chapter Three: Related Work

3.1 Question Answering Systems for Amharic
Seid muhie [13] described the Amharic QAS called “TETEYEQ” which is developed for

Ambharic language factoid question types. It has five main modules namely document
preprocessing, question processing, document retrieval, sentence/paragraph re-ranking and
answer selection modules. The tasks performed on those modules would be described as follow;
firstly, the document preprocessing module performs normalization of documents. Secondly, the
question processing module accepts the user's question and performs tasks such as question type
determination, question focus identification, and expected answer type determination. Thirdly, in
document retrieval component relevant documents are retrieved. Fourthly, the
sentence/paragraph re-ranking module detected a possible answer particle in the returned
document based on Named Entity and pattern techniques. Lastly, the answer selection module
selected the best top 5(five) answers from the previously ranked documents. Finally, the
researchers used a rule based approach for classifying questions and extracting answer, and then
they tested the performance of their question answering system and got promising results.
However, it is Amharic language dependent and has limitations of rule based approaches such as
it is based on handcrafted rules requires linguistic knowledge, it is expensive to maintain and
extend and it depends on human skill to define rules rather than the inter-structure and semantics
of the Amharic languages data.

Desalegn Abebaw [14] designed a web based question answering tool for Amharic factoid
questions called “LETEYEQ”. This QAS had components and developmental stages which
perform different tasks related to linguistics and computational tasks. Those components were
classified into three main components namely question analysis, document retrieval with a
search engine component and answer extraction components. The question analysis tool was
designed using a machine learning approach. Thus, the major task in this research is how
collecting/preparing huge amount of training set in the form of factoid questions and answers
that trained the machine in the question analysis phase. Then, questions are given in a search
engine like interface in natural language form and the question type and the expected answer
type should be identified by the question analyzer component. Next, the web documents having a

potential answer to the question that retrieved by the document retrieval component. Finally, the
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answer extractor component performed the extraction of appropriate answers from the candidates
returned by the document retrieval component. In this work [14], the system"s performance is
measured and compared against the performance of the rule based Amharic question answering
system [13] and then by applying a machine learning approach to the question analysis
component, the researchers improved precision of the question classification task in question
analysis whose accuracy impacted the accuracy of the entire system. However, it is Amharic
language dependent and has limitations of machine learning based approach. This is because of
the system analyze a query or document based on geometric and detail use of document length
and term in document or collection documents through the dependency on structural and

syntactical features than similarity in semantical representation of query and documents .

3.2 Question Answering System for Afaan Oromo
Aberash Tesfaye [15], described the Afaan Oromo QAS which is developed for factoid question

types of Afaan Oromo language. There are four main components namely: document pre-
processing, question analysis, document retrieval and answer extraction. In the document pre-
processing component, pre-processing document is performed. In question analysis component,
question classification and query generation tasks are performed. The question classification sub
component uses either machine learning or rule based models to classify the user®s questions into
one of the question classes (person, place, number and time). The query generation
subcomponent task removes the question particles and pre-processes the user question. The
document retrieval component retrieves relevant documents which have similar features with the
user generated query. Finally, the answer extraction component extractes the actual answer of the
given natural language by using the expected answer type from the candidate documents. The
final output of the answer extraction component is a list of ranked Afaan Oromo answers. The
system has a better performance due to evaluation of the machine learning and rule based

question classification done using percentage of evaluation metrics.
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3.3 Question Answering System for English
Andreas Merkel [31] presented a language model approach to parts of a complete QA system. It

included the processing of the natural language query as well as the retrieval of relevant
documents, passages and sentences. In the query processing module, the system tried to
understand the user'S natural language questions. This was necessary in decisions making in
other parts of the system. The document retrieval module acted as a filter. It reduced the amount
of documents that the other components had to handle. In the passage retrieval step, all relevant
documents from the previous component were split up into text passages. Then, a re-ranking was
done to find the best matching snippets. A special case of the passage retrieval module was
selecting just one sentence as a text passage. The result in this QA system is shown in [31]. The
performance this system would be equally well or even better than systems developed by other
approaches. This happens due to the use of fast statistical language models. Generally, they

explained the system is efficient, effective and very flexible.

Cristina Espafia-Bonet and Pere Comas [32] presented a QAS using Statistical Machine
Translation-based approach. The provided answer is a translation of the question obtained from
the SMT system by using the n-best translations of a given question to find similar sentences in
the document collection that contains the real answer. In this case, the source sentence
corresponds to the question Q and the target or translation is the sentence containing the answer
A. This QA system [32] had a pipeline of three modules. In the first one, the question is analyzed
and annotated with several linguistic processors. In the second one, relevant documents are
obtained from the document collection with straightforward IR techniques and a list of candidate
answers is generated. Finally, these candidate answers are filtered and ranked to obtain a final

list of proposed answers and returned.

Similarly to researchs [31,32], our system using language approaches that will be consider
question answering as a translation problem which concern questions are translated into their
answers. These generated answers are matched against all the candidates obtained with the
retrieval module. The candidates are then ranked according to their similarity with the n- best list
of translations. However, our system has additional features able to expand queries with lists of
synonyms and perform deeply analysis on retrieved sets of candidate answers in particular

sentences and word or phrase of retrieved sentence.
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3.4 Question Answering System for Japanese
Seungwoo Lee and Gary Geunbae [33] described the Japanese QAS called “SiteQ/J” which is

developed for factoid question types of Japanese language. First stage of this system is a passage
selection module. Each passage is of size three consecutive sentences. After performing a
preliminary analysis, a passage selection algorithm is used for ranking all passages in each
document and selects top N passages for further processing. Then, each passage is scored using
the count of query terms, their occurrence in the passages, and their inverse document frequency.
One of the important requirements for a QA System is to predict what type of answer the
question requires: a person name, location or organization. Once answer type of a question is
determined entities belonging to the answer type within the passages selected in the previous step
are extracted. After extracting answer candidates, some of them are filtered out and the
remaining answers are scored using a specific expression. Finally, they evaluated the

performance of their question answering system and they expressed it has good performance.

3.5 Question Answering System for Portuguese
Carlos Amaral et al. [34] described the Portuguese QAS which is developed for factoid question

types of Portuguese language. Once the question is submitted, it is categorized according to
question typology and through an internal query a set of potentially relevant documents is
retrieved. Each document contains a list of sentences which were assigned the same category as
the questions. Sentences are weighted according to their semantic relevance and similarity with
the question. Next, through specific answer patterns these sentences are again examined and the
parts containing possible answers are extracted and weighted. Finally, a single answer is chosen

among all candidates and then, they got better performance results.
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3.6 Summary
Those Amharic QA systems return answers to Amharic factoid type of questions by extracting

concise and precise answers. Even though both Tigrigna and Amharic languages are belongs to
the same Semitic category of language. However, those languages have their own linguistic
properties in construction of sentences and questions such as they use their own grammatical
features and representations, and question particles. Thus, those Amharic QASs aren‘t able to

answer Tigrigna factoid questions because those systems are language dependents.

The reviewed related work factoid Afaan Oromo, English, Japanese, and Portuguese QA systems
are language dependents as those Amharic QASs, i.e., only answer their respective language
factoid question types by depend on their own linguistic properties, the particular question
particles and question focuses. Generally those QA systems can,t answer Tigrigna factoid types
questions. Thus, in this research we aim to develop Tigrigna QA system that can answer

Tigrigna factoid types of questions.
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Chapter Four: Design of Tigrigna Question Answering System

4.1 Introduction
The objective of this research work is to develop a Tigrigna question answering system that

provides answers for Tigrigna factoid questions by performing analysis on Tigrigna language
questions and their answers within parallel corpora as a source of information. This chapter

presents the architecture and descriptions of its components and modules of this system.

4.2 Architecture of Tigrigna QAS
The architecture of Tigrigna Factoid Question Answering System is depicted in Figure 4.1. The

architecture has three major modules: question analysis, document analysis and answer
extraction. The detailed description of each module and components within module is given in

the subsequent sections.
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4.3 Question Analysis Module
Question Analysis is one of the fundamental tasks of Question Answering System and this is an

initial step in the retrieval of relevant information. Before answering a Tigrigna question, we
need to understand what type of information semantically it has because it is essential to
determining question particles, question type and expected answer. This module includes
components called Keyword Selection, Question Classification, Query Generation and Query
Expansion and has a main function to take a Tigrigna Question as input and then convert it to a
query via identifying and selecting keywords; next it generates and expands a query, determines
question type and builds the semantic of the expected answer. The Keyword Selection
component is used to receive and perform tasks such as identifying terms and selecting main
terms for keywords that help the question classification component in determining the type of the
question and question particle. This is an important step for extracting the actual answer through
the query that query generator component generates from those keywords. Next, the generated
query expanded by the query expander component and this module finally returns question
particle, question type and Query that are used by the Answer Extraction Module to find out the
answers relevant to the question.

Keyword Selector

This component analyses each and every word of the question as identified terms and then select
keywords from those identified terms based on their probability through sequence of
occurrences. Table 4.1 shows sample questions with the corresponding lists of question

keywords.

Table 4 1 Sample Tigrigna question with the corresponding lists of question keywords

Question

Lists of Question keywords

TR AP PATIL TUINTC a7 RAYNY/

who is the prime minister of Ethiopia?

+899L, T 700HC, A% P/ prime minister: Ethiopia

avy/who

Al DG G8 AR AFPOALC avy hegP?/
Who is the ambassador of Ethiopia in Ghana?

A& RIPQALC, D9/ ambassador :Ethiopia,
Ghana av7/who

P AL e C 17228 A%? / How much does one kilo of sugar?

aC/ sugar 228/ How much

LN Govt Ate&P o9t &TNNC? / When is the Ethiopian New
Year holiday?

AL Gavt A e8¢/ Ethiopian New Year
av%H/When
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Question classification

The Question classification component is concerned with assigning questions to their category
using question particles of the question and additionally it needs techniques to search similar or
related question category by comparing the probabilities of keywords of the question with the
corresponding question type it has. In this work, the possible question types of Tigrigna factoid
questions are extracted based on the entity types they expresses such as Person, Location,
Organization, Date and Quantity using the corresponding question particles of the given

question as seen in chapter 2.

To make the process of question classification more dynamic and automatic, we use a language
modeling, a statistical approach that had gained much attention recently in the IR and QA area.
Thus, the model could be automatically constructed from the training set and its performance is
competitive to other approaches. In our system, this is done by building language model for
every class of questions based on the training data set to classify any question and then the
probability would be generated. Finally, the highest probability determines the classification of
the question to its category. The basic idea of language modeling behind the classification is that
every piece of text or term can be viewed as being generated probability in the sentence leads to
any category. Specifically, we built one language model for each category C of sample
questions. When a new question O comes, then by calculating the probability P (Q|C) for each C
and picks the one with the highest probability. The major advantage of language model over the
other question classification techniques is its flexibility that can be automatically created and
maintained. To summary the process, we used a statistical language modeling approach to model
the classification of our questions to their category which is done automatically by training the
system to understand the semantics of the training data sets and finally its performance is
measured by preparing test data sets. Those training and test data sets are manually collected
from the different Tigrigna news agency webs such as Mekalih Tigray, Dimtsi Weyane Tigray
and Voice of America Tigrigna Program, some questions are also collected from Amharic news
agency webs especially Fana broadcasting corporate and Ethiopian broadcasting corporate, then
we used those articles by translating to Tigrigna sentences and the others are translated from the
Ambharic QA systems done before. For the training and testing tasks around 1000 Tigrigna

factoid questions are prepared. Over training questions of each question types we developed a
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language model and then every class C of the questions be presented by its question particles and
question type via calculating the probability of a given question structure to the total given
questions in training sets .

Generally, question classification is performed over training set by using the LM classifier that

does its task as follow:

Step 1 Collect Questions for training the system as training
data sets.

Step 2 Aligned particular question to 1its question particle
and type.

Step 3 Create a classifier language  model to aligned
questions.

Step 4 Train aligned particular questions and 1ts question
particle and type.

Step 5 Receive new Tigrigna question Q from the user.

Step 6 Calculate the probability of P (Q/CQ).

Step 7 Pick question type and question particle with the
highest probability.

Step 8 Return the question type and question particle.

Query Generation and Query Expansion

In this Question analysis task, extracting keywords helps us in classifying questions and
understands the semantics of the question which is essential in query generation. The query
generator acquires query after giving weight to those keywords of the question and then the
highest weighted keywords are formed a query by merging each other. This generated query is
later used as an input to query expansion component of this QAS. The goal of this query
generation task is to create a query used in extraction of answers to a particular user question.
For such task to identify the highest weighted keywords and formulating a query performed
using language model.

The query expansion component gets query terms of query generated component as input and

checks each term has a synonym word from the synonym word list, if so it appends the synonym
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word to the query. We use a Statistical Machine Translation model for query expansion tasks and
this is done by using a full-sentence paraphrase, which searches synonyms of context of the

entire query or by translating each query terms into corresponding synonym term if it exists.

To this practically, firstly creating a translation model is essential for learning lexical correlations
between words or phrases of the query with lists of synonym terms. After inserting space
between words of the query to formulate a token, able to check whether each token has a
synonym. The tokenization of query is essential in identifying keywords of the given query.
Therefore, the process of query generation and expansion will be presented using the following

steps.

Step 1 Insert user Tigrigna question
Step 2 Tokenize each term and identify each terms.
Step 3 Get highest probable term or terms.
Step 4 Select query terms or keywords
Step 5 Check whether query terms or keywords have synonym
Ir exist then check by full sentence
paraphrasing or word/phrase level
Then return keywords with addition of the synonym
(expansion query).
Else
Return the query terms or keywords that have

generated as query

4.4 Document Analysis Module
Document Analysis module performs tasks such document pre-processing and retrieval of

relevant contents from retrieved corpora which is done using document preprocessing and

document analysis components.

Document Pre-processing

In this system, before retrieving documents as a process of QA activity a document pre-
processing task is done over Tigrigna question answer corpora. Actually, the document pre-

processing component included a task called tokenization that perform inside, helpful in
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increasing the probability of getting similar terms within the query and the weighted answer
sentences.
Tokenization breaks the stream of characters into raw terms or tokens. This process detects
word boundaries of a written text. In Tigrigna, words can be separated using a white space,
Tigrigna punctuation marks, or by new line. Therefore, by tokenization, we identify separate
terms from parallel corpora. In this process, the parallel corpora pass the following steps:
e Tokenization: This means that spaces have to be inserted between (e.g.) words and
punctuation.
e Truecasing: The initial words in each sentence are converted to their most probable casing.
This helps reduce data sparsely.
e Cleaning: Long sentences and empty sentences are removed as they can cause problems
and obviously misaligned question — answer pair sentences are removed. It performs by

removing empty lines and redundant space characters.

Document Retrieval

The aim of document retrieval component is to retrieve relevant contents from Tigrigna corpora
documents to a users query. The relevancy of content is measured with the contents of corpora
related to the query terms. Therefore, contents of those corpora which contain similar terms with
a query terms are returned by the document retrieval part. Contents of corpora which do not bear
any related particle is considered as non-relevant and is dropped. This means, the aim of question
answering system is returning an exact answer to a user's question depends on the effectiveness
of document retrieval. Generally, the document retrieval component does the ranking and
extracting contents or candidate answer collections that exist in the corpora based on word
overlap to the query using semantically interpretation.

Practically, the nature and content of documents preprocessing are stable after once
preprocessed. However, before done those documents preprocessing tasks preparing parallel
corpora is essential. It needs to train and test the system with the given Question sets and Answer

sets by aligned at the sentence level as a source of information.
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Preparing a Set of Question-Answer Pairs: our corpora contain around 1000 question- answer

pairs for training as a training data sets as indicated the example of table 4.2.

Table 4 2 Sample question-answer pairs

No. | Question Answer
ATPANLC °1C97 Person
1 GO AMAPKE AIPAALE A A%94N a0 Y
N 1959 Time
2 | ge aAge Per, aOGH B4
8..712 Place
3 G0, hATL: G avy YIC TSHAYE 1869
4 | ptoy e i ASh ANO NNZLEL e LG Cohdt Fchn | 1066 huae “%HC Quantity
5| et a0 NI AOA V1eT hADA 192 714+ Quantity

maa 108 €8 A%Rsh - RFReh LHM o82Zh ANE BRTE

After tokenization this parallel corpora, each Tigrigna words be separated using a white space.

Thus, the tokenization process of the documents performed by inserting spaces between each

Tigrigna words or terms and then those words or terms in each sentence are converted to their

most probable casing. Then long sentences and empty sentences are removed. Such tokenization

process performed with the help of Moses decoder to align a question — answer pairs in parallel

line by line. The snapshoot seen below that taken after tokenization process of our corpora using

Moses decoder.

g8 ATFEF APIAEC A1 A73oh o7 BV
CE ACTLF N28 oH REF PO BgshfC T S0V

cE hTREF ATEhh LEEAT nF BUdT id oo Bviv

CE hie? Lot Angty sLhdtc oo BNV

CE ATECTIAT OO BaT REWL FE SELhfC v 0V

heé bl R b AC BPEE 1ot hPTHR AF

T8 AT EhFFET “LTC Ehd o gAY
c8 FE TLHATT 7 BOYie

TR @Al ACThESh T RMDIC hER feRis

S 26 §F @EM] AMEThESh 38 oA SRENT AMAT ANE fE

h&h knn , QT = Place , QF = hng

AEnafs a0 , QT = Peraon , QF = &3

het Pahh Fa#foe |, OT = Perscn , QF = &%
hed A4S &F , QT = Persocn , QF = &7
het ohef veh , 0T = Person , QF = &%
EC Ehed ThifCUT @Af AdJe , QT = Peraon , QP = &
40 ot , QT = Quantity , QP = WER
TELAC hi@mC¥ , OT = Person , QP = o3
ABeh &0, OT = Perscn , QF = o3

hfch B0 , OT = Person , QP = &%

BhEN A, OT = Flace , OF = ANg

Figure 4 2 Corpus tokenization
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Corpus truecasing model is used to model the probability of a given tokenized terms seen in

query generated of a question. For example, the occurrence of sample words in the tokenized

question expressed in numbers of occurrence as follow.

e — LT T =T T
AEirEafrT {1 1L)
et (LA
s S s s
| 375 e a3 oo 1 s |
L= [ EZ =0
T =S =D
ST o e N 1
TS {1170
SurLEs (LA
b - T =8 T s N (I
- e { ==

Figure 4 3 the occurrence of sample words in the tokenized question

The probability of a given tokenized answer as a target, it needs a model to estimate each word

of an answer based on the numbers of occurrence in the corpora. For example, the occurrence of

sample words in the tokenized answer.

Fre=-si=rsur

el Pl s
=0 A S Pl s
- 3 A7

PR P I
- e Pl T T
e P T T
= - o e T
P i T T
1==T0 LI~
e s i e T
e R TR e . Pl L T

Figure 4 4 The occurrence of sample words in the tokenized answer.

Next, Moses decoder aligns the words exist in question and answer based on the probability

calculated. Generally, the corresponding result is described the probability matching of question

and answer terms as you seen below.
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Prewview:

RO AN Place ATRéh, AFRSh, LHM T82Zh ANE

RyoALC =107 Perscn AT0EF, Arssh |, AfNaEc o3

et Pehrh Erdfoe  Person AOSTF, 184 f°H AFT, PO Sgshic  ooF
hed LAL™ oo8PF Person ATHEP ARbhh L8407, F Rudd, ML o003
ket oohesf UBN Perscon hiey &99sd7 Angdy, “iihEC o7

MREC ErsA FhANCcry @Of hiJe  Person ATTECTEAT OO0 B4, RETL,
Pc Bgshrc oo

40 tot Quantity A&, £ Ao, Mot hREe
TELAC hAL@CF Person AT EhFrET, “iihiéc, Bhd o073
hEsh B Peracn FE, TLHSTE 007

hEch Pl Peraon A®éh mdd, An@inc %

Figure 4 5 The lists of words exist in question and answer based on the probability.

Finally, this task returns the correctly aligned input sentences of question sentence and the

corresponding output sentences of answer sentences as a result.

In our work, such sentence alignment and aligning word, phase in each sentence was created by

Moses Decoder and GIZA++ program.

Table 4 3 Sample parallel corpora of Tigrigna questions and answers alignments.

Question Answer

Ge @2 chl¥ert vy NI T PS OV 907 BN (v 07 . a3 , QT=Person , QP= av7
@A 20 §8 AN PR, ANL LS. Q&Hé , QT=Place , QP= ANg

aAq h.C G a°7 71C TSHATE hE9° 200 487 , QT=Place , QP= G av7}
HavG P hAJ°Th a°%H TEavs. 1 1896 , QT=Time, QP= av9H
ch(xét a0t NL.L AOA 714t AADA 192 71¢++ , QT=Quantity , QP=h7£2

4.5 Answer Extraction
To identify relevant answer more accurately, the answer extraction module performs detailed

analysis on the retrieved parallel Tigrigna corpora documents, the question type and question particle
by extending the techniques of language modeling. Language models are essential in creating
answer models in this part for ranking or selection of candidate answers that are retrieved from a
given document by estimating the quantity, Q(S|P) where S is a candidate answer sentences and

P, a given document. In this section, first we show how candidate answer sentences of a given
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question type and question particle fit naturally using a probabilistic model in fetching relevant
and precise sentence that contains the answer. Next, the ways to extract the Tigrigna answer
from retrieved sentence. Generally, this is done via a simpler approach that extends the
techniques of language modeling.

Candidate Answer Selection

Based on constructed query in Question Analysis module and information contents exist on
Tigrigna parallel corpora retrieved from Document Analysis module, the answer extraction
module extracts the answer. Ideally question type and question particle, lists of answer

hypotheses are extracted. However, returning lists of answers is not explicitly performed.

Sentence Retrieval

In question answering systems, a concise and precise single answer sentence is essential than a
collection of candidate answer sentences. This can be extracted by computing the highest
probability over those given answers. So, our question answering system needs to have a

component for the use of finer grained sentence retrieval.

Answer Retrieval

The extraction of possible answer from part of the sentence for factoid question answering is
much more efficient to work on a smaller piece of texts than more than one sentence. This is
because of factoid question needs short, exact and precise answering only. Hence, we need a
narrower scope of data. The assumption here is that the relevant answer that we want to grab in a
sentence is mostly stored in a single or few terms/ phrases. Due to this, our system has a
component called Answer retrieval, to retrieve relevant answer from the retrieved sentence.

Practically, first we created an answer model using the help of IRSTLM with the Moses decoder
and GIZA++ program integration. This answer model starts its work by focusing on training data
sets. The second one is the answer model prepares the given targeted answers arrangement by
specifying the starting and ending of the sentence using <s> answer sentence </s> then each

answer sentence is added between the start and end symbol <s> </s> as seen in Figure 4.6.
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Preview:

<3> KRN A , QT = Place , QF = ANg </3>

<3> APnALC 907 , JT = Peracn , QP = ™% </3>

<3> het Pl En¥l@o |, QT = Perscn , QF = 7 </3>
<3> hgt ALY m&F , QT = Perscn , QF = ™7 </3>
<3> hgt haf vgh , QT = Peracn , QF = 7 </3>
€3> TREC Evef FhANCUT @R ReJe , QT = Peraon , QP = 0% </3>
<3>» 40 Yot |, QT = Quantity , QF = WiEg </3>

£3% TCELAC hidmc¥ |, QT = Peraon , QF = &% </3>
<3> AEeéh &L , QT = Perscn , QF = % /3>

<3» hEeh BN , OT = Person , QF = 7% </3>

<3> BhAh Am , QT = Place , QP = hng </3>

Figure 4 6 Creating answer model over sample answer sentence sentences.
After creating answer model in short and precise way, next we need to ensure the correct answer
extraction by calculating the probability of answer sets of a given user question. The assumption
on this task, creating answer model is used for rather than arranging a given question to the
corresponding specific answer but to extract exact answer only which is done estimating

probabilistic of answer words with the given Tigrigna question such as:

Question: o7(1A 102 G2 A9%éh0 - AFSh (LHIO 924 AL LhPL:

Answer alignment:

Probabilistic value: each word given in a user question is compared with the given words as
answer alignment then the corresponding result is calculated using the answer model as in Figure

4.7.
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—3F - 1LOoSaeE = — O .. 20193
—= .. 20485 oy — 2. 1532 FTE
—= . T7TOT7TTa HSATT — .. 275111
— 2. 220371L - —1I . 383=2=07
—1T .1=14 - —1I . 89577
—J.83=52037T1L = — 1L 12533
—1L .21 535 Place= —21 . 153117
—1 .17 ES OoF —1 . 299345
—= .1 =279 Frr=. — .. 929324
— 1L ..AFTES S

Figure 4 7 A Probabilistic value of words in question- answer alignment

Some steps performed in answer extraction process:

Step 1 Get Tigrigna parallel corpora document from document
analysis module and question particle, question type and query
from question analysis module.

Step 2 Perform calculating the probability of P(Q/CQ) to get
candidate answers/

Step 3 Compute the score of answer words 1in each candidate

answer sentences.

Step 4 Retrieve the top relevant answer sentence.

Step 5 Compute the most relevant term/phrase from the
sentences.

Step 6 Return answer term /phrase.
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Figure 4 8 Sample extraction of answer for specific questions, question type and its question particle
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Chapter Five: Experiments

5.1 Introduction
In this chapter we discuss the evaluation metrics to evaluate the performance of this question

answering system. The experimental details and the ways of Tigrigna Question Answering
System evaluations are also described and then finally the evaluation results of the performance

of the Tigrigna factoid QAS are presented.

5.2 Developmental Environment
To achieve the research®s objective, an essential number of developmental environments are

needed. So, the system developed and evaluated on a computer with the following tools.

e Moses: we used to align question-answer parallel corpora, since the primary
development platform for Moses is Linux, and this is the recommended platform. Thus,
we installed this tool on Ubuntu 12.04.

e GIZA++: is a program for aligning words and sequences of words in aligned sentence in
Question-Answer parallel corpora.

e IRSTLM: Language model estimation in extracting n-gram statistics of question
particles, question type and answers to the given Tigrigna question. This provided by an
efficient search algorithm that quickly finds the highest probability alignment of question
sentences among the exponential number of question particles, question type and answer

choices.

5.3 Evaluation Metrics
To accurately measure the performance of our QA System, we needed metrices that can provide

good indication on how the system performs its goal. Due to this, there are a number of
evaluation measures that can be used to evaluate the performance of this QAS. In such a
situation each measure highlights a different aspect and use of several techniques®to describe the

performance of the system.
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Precision, Recall and F-Measure

These are the most commonly used indicators to measure IR retrieval and QA quality. Precision
can be seen as a measure of exactness or quality whereas recall is a measure of completeness or
quantity. High recall means that a system returned most of the relevant results. High precision
means that the system returned more relevant results than irrelevant. Thus, the Precision and
recall in our system can be described as follow. Consider a given question asked by the user
called Q. Given that |[RR| be the number of retrieved relevant answers, |[RI| be the number of
retrieved irrelevant answers and |RN| be the number of relevant answers not retrieved, then the

precision and recall are given by the following equations.

Precision = —_— 5.1
IRR| +[RN|
_ IRR|
Recall = RIS RN (5.2)

F-Measure or F-Score can be defined as harmonic mean of precision and recall. It is a measure of
systems accuracy. It considers both the precision and recall to compute the score. F-Measure
reaches its best value at 1 and worst score at 0. It is 0 when no relevant answer has been retrieved

and i1s 1 when exact answer is relevant.

2 * Precision #* Recall
(5.3)

F — Measure = —
(Precision +Recall )

Precision and recall can also be defined by a contingency table. We used typical contingency

table to measure our system as shown below.

Table 5 1Contingency table of precision and recall

Total Answers Relevant Answers Non Relevant

Retrieved

Retrieved Relevant Answers (TP)
= Return the Correct answer for the

given question.

Retrieved Non- Relevant answers(FP)
= Return Wrong answer for the given

question.

Not Retrieved

Not Retrieved Relevant answers (FN)
= Return Wrong answer for the

given question.

Not retrieved Non —Relevant answers(TN)
= There is no answer for the given

question.
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To measure our QAS performance the contingency table describes the above metrics as
comparing the answers that return by our system with the answers given by human expert. Thus,
TP answers are answers deemed relevant by both the human expert and this question answering
system. FP answers are answers returned by this QA system, but irrelevant by the human expert.
FN answers are relevant answers to the question which are not returned by the system. TN
answers are answers not returned by this system and are considered irrelevant by the human
expert. Then the accuracy, precision and recall of our question answering system expressed using

the following metrics:

_ (TP+TN)
Accuracy = (TP+FP+TN +FN) (54)
. TP
Precision = TP 1FD) (5.5
TP
Recall = m (56)

5.4 Performance Evaluation of Tigrigna Question Answer System
This section describes the evaluation of the Tigrigna QA system's performance towards its

correctness, completeness with recall, precision and F-measure computations on the factoid
Tigrigna questions. Thus, to evaluate the system totally 200 test questions we used and those
questions category according question type in four categories as seen the in the table below. The

system also returns a single answer only for specific question.

Table 5 2 Amount of question to evaluate a question type.

Question type No of answers present | No of answers not

in the corpus present in the corpus | Total
Person 40 10 50
Time 40 10 50
Person 40 10 50
Quantity 40 10 50
Total =200
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5.4.1 Question Classification Evaluation
In the question classification, the statistical language modeling automatically trained the training

data sets and then its performance is measured on prepared test data sets contain 200 Tigrigna

factoid questions with equal distribution question by the question type in five experiments. Then

results of correct classification are shown in the Tables 5.3 and Table 5.4. Figure 5.1 depicts

average performance of question classification component.

Table 5 3 the Performance of the language model question classifier on factoid type Tigrigna questions

Experiments No .1 No.2 No.3 No.4 No.5
Question type Person 88 84 87 80 94
Time 79 95 82 86 83
Place 97 89 89 93 81
Quantity 80 84 96 91 83
Table 5 4 average performance of question classification.
Question type Average Exp result
Person 86.6
Time 85
Place 89.8
Quantity 86.8
Average 87
Average Exp result
92
90

88

Person

Time

Quantity Average

86 B Average Exp result
. I
82 T T T T 1
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Figure 5 1 average performance of question classification component




Therefore, as shown in Table 5.4 and Figure 5.1, the average performance of statistical language
model question type classifier is 87%. Sample questions and classification result are attached in

Appendix B.

5.4.2 Answer Extraction Evaluation

Selection of evaluation criteria is a major task that is used in the completeness of performance
analysis. To measure the performance of our system, we use two criterias to group our testing
data sets into different categories. The first one is based on the category of a question and then it
divided into four categories. The second criterion is based on those questions need to get their
answers from either present in the Tigrigna question answering corpora or not. Finally, these
questions were fed to the system one by one and then the retrieved answers are analyzed.
Generally the system is evaluated using the measures called precision, recall, and F-Measure.

Table 5.5 shows the test results of a particular run.

Table 55 Contingency table showing Tigrigna question answering system test output

Total Answers Relevant Answers Non Relevant answers Total
Retrieved 147 19 166
Not Retrieved 24 10 34
Total 171 29 200

Total number of questions asked = 200

Number of answers present in the corpus = 171 (147+24)

Number of questions correctly answered (TP) = 147

Number of questions wrongly answered (FP) = 19

Number of answers present in the corpus but not retrieved (FN) = 24

Answers which were not relevant (TN) = 10

TP
(TP +FP)

Precision = =147/ (147+19) = 88.5%
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TP
(TP+FN)

Recall = =147/ (147+24) = 85.9%

2*Precision *Recall

(Precision +Recall )

F — Measure = =2%88.5*%85.9/ (88.5+85.9) = 87.2%

The performance of Tigrigna QAS is evaluated by measuring its ability to retrieve all and only
relevant answer. It is strongly dependant on the size of the corpora because as the amount of
aligned question answering pair of the corpora increases the ways of modeling a question is high.
The system achieved an overall precision of 88.5% and 85.9% of recall. There is a tradeoff
between precision (P) and recall(R). Higher the value of P lower will be the value of recall and

vice versa. The F-Measure is the harmonic mean of P and R.

Referring to Table 5.5, it is clear that for 200 questions asked, 166 answers were retrieved out of
which 147 answers were relevant to the query and 19 were non-relevant. Even though 24 other
relevant answers existed in the corpus they are not extracted because some of the questions are
not recognized properly or its semantics is not sufficient enough to identify the question
sentences with corresponding answer sentences. In this work, retrieval scheme is purely based on
language model. Hence, all the sentences with the candidate answers are retrieved. But all these
answers might not be the answers to the question due to the result of probabilistically matching

between the questions and answer.

Table 5 6 Performance of Tigrigna QAS

Questions Relevant Retrieved Correct Recall Precision F-Measure
answers answers output
200 171 166 147 85.9 88.5 87.2

The overall performance of Tigrigna QAS is given in Table 5.6. Precision of 88.5% shows that
the answers retrieved are correct answers and only very few non-relevant answers are retrieved.
Percentage of recall is less than percentage of precision and it is 85.9%. This can certainly be
improved by increasing the amount of training data sets. While raising the questions no

restriction is kept to avoid any bias that may affect the system performance.
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Table 5 7 describes the performance of Tigrigna QAS based on question type of factoid questions

were considered in this work.

Table 5 7 Performance according to question types

Question | No of | Retrieved Correct | Wrong | Not retrieved | Precision | Recall | F—measure
type questions | answers answers | answers
Person 50 39 35 4 6 90.5 85.4 88
Time 50 41 34 7 4 83.5 90 87
Place 50 39 33 6 5 85.5 85 85.2
Quantity | 50 47 44 3 9 94.5 83 88.4
Total 200 166 147 19 24
Average | 88.5 85.9 87.2

Thus, the evaluation result of the answer extraction of Tigrigna QAS is shown in Table 5.7 and

Figure 5.2 based on Recall, Precision and F-measure evaluation metrics.

96
94
92
90
88
86
84
82
80
78
76

Person

Time

Place

Quantity

Average

H Precision
i Recall

B F-measure
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Figure 5 2 average performance of the answer extraction.




Chapter Six: Conclusion and Future Work

6.1 Introduction
Since a Question Answering system provides correct responses to the user's questions in short

and accurate manner by formulating Natural Language (NL) query to return only one or a small
set of specific answers for a given question. Due to this, Tigrigna QAS is essential for retrieving
short and precise answers to questions asked by Tigrigna language users through applying much
deeper understanding and processing of text than most web search engines performed as a result

of links of documents.

6.2 Conclusion
Because of the difference in grammatical construction and question particles on different natural

languages, so many languages dependent QA systems are done. Thus, this thesis is done for
Tigrigna fact-based questions using language model approach. This QA system consists of
question analysis, document analysis and answer extraction modules. this system has 87% an
average performance of the statistical language model question type classifier and also the
average Precision, Recall and F — measure of the answer extraction as precision is 88.5%, recall

1s 85.9% and F — measure is 87.2%.

6.3 Contribution of the work
The most relevant contributions of this thesis work are listed as follows:

e The study has adopted other languages statistical language model based techniques of
question answering systems to fact-based questions of Tigrigna language.

e The study has developed based on a statistical language modeling approach to model the
classification of Tigrigna questions to their category.

e The study has understood the tasks of natural language processing that have impact on
the performance of this QAS especially related to the parallel corpora processing.

e The study showed the language model techniques in developing this QA system
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6.4 Recommendations and Future Works
To improve the performance of Tigrigna question answering system different Natural language

processing activities needed to add to this QAS. Because of the tasks of fully developed QAS is a
more complex, we required to specify additional features that can be added to increase the
performance of the proposed QA system and future research works in this section. Those can be

listed as follow:

e This research is done for fact-based questions. Thus, able to do for non-factoid question
types and complex factoid question will be an open research area.

e Developing the QAS in the real-world situations in different platforms such Mobile
application; can be considered as a future work and also such a system can be restricted
to handle questions of closed domain for example in medical and other governmental,
and non-governmental sectors.

e The performance of Tigrigna Question answering system depends on the size of the
parallel corpora. Due to this, preparing of those corpora and using for training and testing
activities needs standardization, which is not done currently. Thus developing standards
of parallel corpora is open research for Tigrigna and other local languages.

e The main task of this question answering system is collecting and preparing corpora
because it depends on size and semantically representation of contents rather than the
Tigrigna language syntactical and structural representation. Due to this, we can develop a
question answering system that supports two or more human languages.

e Adding Tigrigna WordNet to this system could be maximizing the performance of
Expansion Query component tasks which helps in retrieval of answer from different
representation.

e Adding Tigigna spelling checker to this system would help to avoid user input error when

writing a Tigrigna question.

52| Page



References
[1] Tilahun Abedissa, "Amharic Question Answering for Definitional, Biographical and

Description Questions", Unpublished Master"s Thesis, Department of Computer Science, Addis
Ababa University, Addis Ababa, 2013.

[2] Allen James, “Natural Language Understanding”, The Benjamin Cummings Publishing
Company, Redwood City,1995.

[3] Andrew Greenwood Mark, "Open-Domain Question Answering." Unpublished PhD
Dissertation, Department of Computer Science, University of Sheffield,Sheffield ,2005.

[4] Das Biplab, "A Survey on Question Answering System" , Unpublished Master®s
Thesis,Department of Computer Science & Engineering, Indian Institute of Technology,
Bombay, 2005.

[5] Gangwal Gaurav, "Question Answering System using Open Source Software", Unpublished
Master's Projects, 2012, Paper 258.

[6] Haque Nafid, "A Prototype Framework for a Bangla Question Answering System using
Translation based on Transliteration and Table Look-up as an Interface for the Medical
Domain",M.Sc HLST, 2010.

[7] Kaisser Michael, "Acquiring Syntactic and Semantic Transformations in Question Answering"
Unpublished PhD Dissertation, Institute for Communicating and Collaborative Systems, School
of Informatics, University of Edinburgh, Edinburgh, 2010.

[8] Monz Christof, "From Document Retrieval to Question Answering." Institute for Logic,
Language and Computation, Amsterdam, Duitsland, 2003.

[9] Sundblad Hakan, "Question Classification in Question Answering Systems."Unpublished PhD
Dissertation, Department of Computer and Information Science, Linkopings, 2007.

[10]  Tesfaye Tewolde, "4 Modern Grammar of Tigrigna",Unpublished PhD Dissertation,
Savonarola Roma: Tipografia U. Detti — via G, 2002.

[11]  Tigrinya language . http://en.wikipedia.org/wiki/Tigrinya language (accessed Jan 20, 2015).

[12]  Wissal Brini, Ellouze Mariem, and Trigui Omar, "Factoid and Definitional Arabic Question
Answering System",ANLP Research Group- MIRACL Laboratory, 2009.

[13]  Seid Muhie Yimam,“Teteyeq :Amharic Question Answering System for Factoid
Questions",Unpublished Master*s Thesis, Department of Computer Science, Addis Ababa
University, Addis Ababa, 2009.

[14]  Desalegn Abebaw Zeleke, "LETEYEQ- A Web Based Amharic Question Answering System
for Factoid Questions Using Machine Learning Approach ", Unpublished Master*s Thesis,
Department of Computer Science, Addis Ababa University, Addis Ababa,2013.

53| Page



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Aberash Tesfaye, "Afaan Oromo Question Answering System for Factoid Questions",
Unpublished Master"s Thesis, Department of Computer Science, Addis Ababa University,
Addis Ababa,2014.

TomekStrzalkowski, Sanda M. Harabagiu, “Advances in Open Domain Question Answering”,
Text, Speech and Language Technology Series, SpringerLink: Bucher, Vol. 32, Springer 2006.

Ask Jeeves.http://www.ask.com (accessed May 20, 2015).
Green W, Chomsky C, and Laugherty K., “BASEBALL: An automatic question answerer”,

Proceedings of the Western Joint Computer Conference, p.p. 219-224 San Francisco, CA, 1961.

Chirstan Grant, Clint P.George, Joir-danGumbs,JosephN.Wilson, Peter].Dobbins, “Morpheus:
A Deep Web Question Answering System”, WAS2010, ACM, Paris, 2010.

Woods, William A, “Semantics and Quantification in Natural Language Question

Answering”, Advances in Computers, Vol.17, Academic Press, 1978.

Robin D. Burke, Kristian J. Hammond, Vladimir Kulyukin, Steven L. Lytinen, Noriko
Tomuro, Scott Schoenberg , “Question Answering from Frequently Files”, Al

Magazine, Vol.18, No.2, AAAI1997.

Boris Katz, Gary Borchardt, Sue Felshin, “Natural Language Annotations for Question

Answering”, AQUAINT Phase II, AAAI 2006.

L. Hirschman and R. Gaizauskas, Natural language question answering: the view from

here, Natural Language Engineering, vol. 7, no.4, pp. 275-300, 2001.

SunitaSarawagi, Information Extraction, Indian Institute of Technology, India.,Vol.

1,No. 3, pp. 261-377, 2008.

Hiemstra, Djoerd. Using language models for information retrieval.

TaaluitgeverijNesliaPaniculata, 2001.

Hobbs, Jerry R., and Ellen Riloff. "Information extraction." Handbook of natural

language processing, 2010.

54| Page



[27]

[28]

[29]

(30]

[33]

[34]

Gharehchopogh, FarhadSoleimanian, and YaghoubLotfi. "Machine Learning based
Question Classification Methods in the Question Answering Systems." International

Journal of Innovation and Applied Studies 4.2,264-273, 2013.

Berger, A. and Lafferty, J. Information retrieval as statistical translation. In Proceedings

of'the 22nd Annual International ACM SIGIR Conference, pp.222-229,1999.

Liu, Xiaoyong, and W. Bruce Croft. "Statistical language modeling for information

retrieval." Annual Review of Information Science and Technology 39.1 pp. 1-31, 2005.

Zhang, Dell, and Wee Sun Lee. "A Language Modeling Approach to Passage Question
Answering." TREC. 2003.

Merkel, Andreas. "Using language models in question answering.” 2008.

Espana-Bonet, Cristina, and Pere R. Comas. "Full machine translation for factoid question
answering." Proceedings of the Joint Workshop on Exploiting Synergies between Information
Retrieval and Machine Translation (ESIRMT) and Hybrid Approaches to Machine Translation
(HyTra). Association for Computational Linguistics, 2012.

Lee, Seungwoo, and Gary Geunbae Lee. "SiteQ/J: A question answering system for

Japanese." Proceedings of the third NTCIR Workshop. 2003.

Amaral, Carlos, et al. Priberam's question answering system for Portuguese. Springer
Berlin Heidelberg, 2006.
Tigrinya language . http://www.eritrea.be/old/eritrea-languages.htm (accessed Jan 20, 2015).

Tigrinya language . http://www.omniglot.com/language/phrases/tigrinya.php (accessed Jan
20, 2015).

Tigrinya language . http://www.omniglot.com/writing/tigrinya.htm (accessed Jan 20, 2015).

55| Page



Appendix A: calendar and time notation, number system and
punctuation of Tigrigna Language.

Months of the year
January Té July AHJI°A
February ahtt August ichql
March a (Lt September aanLs®
April TLEHL October TP
May 120 November haC
June a7 December Fdhan
Days of the week

Sunday a0t From Hebrew Sabbath

Monday are Semitic root for "two"

Tuesday A Three

Wednesday o Four

Thursday hav-() Five

Friday aC. Sunset

Saturday +aI° "first " or "prior " to Sunday

Time division of the Day

Time Period Name Meaning

DohF From first light to sunrise
Tich From sunrise to mid morning
GCE %t Midday , noon

&hé P46 From noon to early afternoon
RO9°0 Afternoon

PRI From sunset to dark

GCE Nt Mid night

Number Systems

Cardinal Numbers: some of Tigrigna written form of numbers derived from Geez language, Arabic
and alphanumeric such as:
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Arabic Ethiopic Alphanumeric Arabic Ethiopic Alphanumeric
1 3 e 20 A aQne-
2 4 hévt 30 a aaq
3 I aant 40 | ACNG
4 0 ACQot+ 50 q AP
5 & chav-(i-t 60 & anAa

6 zZ et 70 @ aN%
7 7 oot 80 g (7778
8 N a7t 90 a H0%
9 g %t 100 [4 Tt
10 I a0CT 1000 & fich

Ordinal number: are numbers inflected for gender and agree with the noun they modify .masculine
and the ordinal numbers eleventh and higher are made by using the word a2 mebel with cardinal

number for instance 2?1\ GOCH@- AL mebel asertew hade which means eleventh .

Masculine Feminine
PLIIL PGavet; First
TS llatgh Second
adage anngt Third
¢N9GL Nt Fourth
hgog, gLt Fifth
qeae, AL AL Sixth
qN9L aNeet Seventh
agGe, aAgoGet: Eighth
PACT Faet Ninth
9042 a0t Tenth
Fractions: numbers
Tigrigna English Arabic
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GCE One —half 12
o One-third 1/3
CN% One-fourth 1/4
AP0t [hIPAe Ae @ 297 | One- fifth / A fifth portion 1/5
hIPHL AL
agert One- eight 1/8
onst One- tenth 1/10
Tigrigna Punctuations

Comma Full stop / period Colon Semi colon | Question mark
Tigrigna jor ?
English , ; ?
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Appendix B: Sample test questions, their classification and answer

retrieved results of the experiments.

Question Answer Question Answer
Classification | retrived
Result Result

a1 10L 8 A%%¢h - AGSh (LTI av&4h AN Shee: A%0 K00 Correct Correct

T8 WAEKP hIPAALC Al ATLeh v RN AFPOALC “1IC™T | Correct Correct

QL ACTLL (1% aPH, At PT ALLIC a7 20Tk ARt h0 | Correct Correct
LPem-

G AMFPRE WA 4.24607 (LT AVEA VAL a0 BNY A8t (LAAT | Correct Correct
av$P

G2 el AT A0t TLLOEC 977 RNYer At aoeéf | Correct Correct
VL0

Qe AIECTLNT aPCO &h71E AL PT AL &NTC 07 N0 e AT\
+hACY? Wrong Wrong
DAL KDL

AL O Ak AC N2L.L 14.CE NFTHA AE 40 Correct Correct

Qe A207 FhSAe8 T “LLOTC Lk a0 SNY i TCENC Correct Correct
he.OCP

Qe F& ToHHATE av7 BNV AL60 Ll Correct Correct

758 AGSN Lt 9P AQOINC DR a0l 6 TeHATT Correct Correct
AL:60 Ll

ao(lQ\ 26 G& AFSN bt 78 avdiht: aLNG A-NAO A0S TNe4 A%.0 AN0 Correct Correct

GO AAPXP hQA, hibhiléh UHNL ChNl 82&NHC a7 N7 Af 9P0NC 190 | Wrong Correct

Qe 4.8 DA, T8L TLLOTC av7 B0 0l 7t 4090 Correct Correct

G (et a0 LCEF PT 0U4 av BN a7 h, ooy Correct Correct

Ge A&sh U4 hal 7 h&av(IC av7 SNYA 0 AHG 8A°L% | Correct Correct
ek}

G2 ACT1.L hdA °h-té\ Con I°I°hAC a7 LNYA Aet hivE &0 | Correct Correct

a9 h hrk Hh(4t h&én UIC FIP0LT 012063 Correct Correct

G A XL hAQT o 770G 2B avC et 3 2008 | Wrong Wrong
9.9
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5771 Kl AL CP THHGA BoT HD-0A h7Le HAhA 17HA | 21  ypn0 7 | Correct Correct

L8 b TAL7T PhTieh
24C

T8 MHLT Ok, 8L TLLNTC avF N7k Tt &rHeeL | Correct Correct

Ge Feq Phtd O9A. 798 TL10TC av7 SNY i MY 97 Correct Correct

T8 (LBIN TGHATH a7 27 T, A Correct Wrong

G hiéofol DA, TRL TLLATC a7 2T antc  2eh | Correct Wrong
W&ITI°

T8 hAP&E DA, T4L TLLATC av7 LAY ahtC  B&2eh | Correct Correct
K&ITI°

G héofol PRTA MPAL TLLNFC 07 211 het Lavd | Correct Correct
avnyy

T8 AATRE PP mPAL TLLATC 07 @AY het Lavd | Correct Correct
avnyy

G2 NGHA TLHATH a0 ST LA $08 Correct Correct

QL YPA RLACAL TSHATE (W dvdt YAd avt 8T ALt 0aP D44 | Correct Correct

G0 PLI® AP a0lch, T7haPC PB4, PN h @A, NANTI° Abd hoe Correct Correct
AD-CT DL
a$i0é- 2011

T2 AL PT ha] av7 N7 T, Correct Correct

G hbofol DA, TRL TLLNTC Bbvd a7 LAY 0k APAARC % | Correct Correct
AZPnA,

Ge hAE%E MIA 8L TLINTC Shg 907 SN APQARC 3% | Correct Correct
AZPnA,

GO 1O-HATE: MIh, 8L TLLOTC o7 S & AT Correct Correct

G NF Nt A180TS ATt A0t Tt PG AL HC a0 A7 | ART  @CPW | Correct Wrong
AN

T8 AFSN ML ARA, (Ol ATPCoh B2&NTC a0 @AY AT K60 | Correct Correct
AG9°

a0 Lot ANe FChN Al +Ch | Correct Correct
AP

Al aP(1Q\ 26 G2 A&Sh It avldint: (0100 178 HAhA avlit: | AdA. 40 Correct Correct
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Y1é-t ROA At chldt 2Ch(e

Al 8 BT84 G0’ AT 71C PPRed O-LLC h2Le HANA 71T | oot Correct Correct
LAat4
L&t N HHOYA Lehlé- 16 N7 L4 (Lze9° Correct Correct
ALt TRPNET T8 HNT TCL PR A@TNCoPT SN Y CT] 14 Correct Correct
Al ATEXP G8 <116 AIPOALC a7 20T avparl: h £60 | Correct Correct
A AHERP 1P Haot: YOG TSHL P avF 207A? Doz 9PA0 | Wrong Wrong
+0o7
T BT 6@ Kbl TLIC A A7 W78 HahA 710 +0 | 101 A §8 | Correct Correct
TP(LAT° A6 &2AC
APCATZL Al AR THHME &CE N78L HANATIHA &0 184 3 bG| 8 | Correct Correct
TLALT 5%
A6 &AC
Al AR P 192 ¢ H PPUCE NSt PN HHEILL ATLO ANG 124 | ANl QUC  AC | Correct Correct
ko
G2 1 JC WHAT 0078 AN C a7 &Y v AL FL | Correct Correct
ANSL
NARL G2 AT%P UNLANEEP aPHAPC TP L1 a0 LAY Qv ava Correct Correct
PNAP QLA che(Y-ért a7 NI LCP T avlnch, HING- 907 LAY av-4.£: G\, Wrong Correct
Qe AP TOT TLLAEC TLLOTC oo 2O AL vt Correct Correct
qe avPavs? TAFGPE T8 LA TAATL av YA They, Correct Correct
e LN hAd CoO °I°hAC av7 N7 L0 GO Correct Wrong
Al C9° GL 9167 @2 8C 10& A% 1€ V14, A& EP a0 NYH | A0 NFPA Correct Correct
AACKE NHIPSPITT A AD- TOH ThHTHSH W04 G2 aPBavse a0 | 726 “11A.h Correct Correct
av’y heg°
AL ANL ATHOA 3602 T°C WG A6 av) 2N i ANCY9° A7 | Correct Correct
TS HFOAL 720 P LCH AL a7y LAY 6L Correct Correct
TYGBYT 70 av 40 L, H14. AG4N P Attt a0 176N AN NPA Correct Correct
8 A% (. AI° +O71L av(iiT: a0 KR ATt Correct Correct
A&7 (1 1889 hAN 1913 HIPALS THO a7 (17 0L he(r Correct Correct
GL T4 NAA CON FPI°chAC a7 hP-J° K02 ONS- Correct Correct
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NALIIN OAIC ANAL aPdVG L.l aP7 heI° 0% “1C77 Wrong Correct

G P8I TINTC aPAN 1L aPLavsP (P avy RA17A A0 KGR Correct Correct

qe AL NCY7 $L0F AAG (L HNCATET 1907 Hav't a0t FO G HC% Lo$A Correct Correct

Al 1986 G AACKE TLHATF a0 104 D2&h a0k | Correct Correct
7240 TICLI°

NaTLen Hibth G PLI° G0 hiP TEUATE a7 BNk A89° (17 Correct Correct

720 AP+ bl 9°%H 7 °%H 11.09° 18.C9° Ll 1733 | Correct Correct
Aah 1804

rh 28 av%H +OA & N 1869 Correct Correct

Al AR 78 avBavg® adh A10\0T % H 84 011917 Correct Correct

Ge TIC.M* 5T aPAH T4 011928 Correct Correct

Ge GAI° P7er, avoH +E T4 1 1959 Wrong Correct

Qe hFéh ch (et avYtavhicE 1 1945 Correct Correct

0 A0 A0Q B0t HHICIA T8 A-C aPNaPCavGH (eche B4 01934 Correct Correct

Qe A7L7 T1¢-F7 a0 +NR8. 1 1960 Correct Correct

FPAM.C HN7 aPdch& HRLNA 907 &7 avyao: AN“T7 | Correct Correct

AC1H A&SN &COT ArTIPOlT 8 avBavsP PG Achd av) 18.C9° ARt h&A | Correct Wrong
mee

ao(1gk: G AR T 4.8l 0 0077 1209 L1 P Correct Correct
T07

A D5 G AEXP AFPALC a0 N 15 A0ALL Correct Correct

TR M7 6C hTRYt LONTTE TEAGI® aPictt7 A ha | RHC  a® & | Correct Correct

8eLhtC ooy eANYA? uRA

Al ATPRE hOC o0 4,407 G avBavs? PRt TSHA T a0 | -Hn AG@- Wrong Correct

129"

Qe A1C &40 ao0stt (%t PT7 276 avnR& Tt avy N7A avhH (14 Correct Correct

G2 UCTIE PRI 720 2L0AN aPHNCH “TIVNC G8 NCL ANPINC | GU-NGL ACAS Correct Correct

avy 207

GL TIUCT TLLOEC TLLOTC Lo 07 SN ht 4L | Correct Correct
AL

Ge avPavCe GNQ L Al ATCEEL aPF ANLS- 104 VLA M040A0 | Correct Wrong
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Qe W78¢ a0 D16 TT0T SHLT HINL 0 A% av-(v1 3 09A@- | Correct Correct
Al G A7L7T AAIPT.EL AAeXET N800 “%HC T+ ®hi NH®8LL | TPV A9T7 | Correct Correct
avy he
Ge hAe&e L& AN G ALt TIh(eT chlldh 26 avnRl, | -l PATPDCP | Correct Correct
avy Wy
QL b TSHATE NG a0 BNY i avpar: PCA. Correct Correct
G avPavCH Gf A& Wl kot haN a0 B07A P40 1ECLO Correct Correct
G A& E NP (F&7 AAANTL o077 2NT a@-rk LAo- Correct Correct
G avPavs @ AN WTANHeE 090 5 av7 217A ATIPL AT Correct Correct
Qe A& PPUCT 080 a0 et tT PG N\évch aPNRE, 007 &17A? Atz 1/ovLy7 | Correct Correct
QL AMeXP &b RTANTY L40E7T TIMNC TSHATE a0 H(0YA PIPDLT (1PA Correct Correct
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