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Abstract 
 Question answering is a system that allows users to ask questions about some topic in natural 

language and give exact answers by retrieving answers from collection of documents. Its main 

aim is to assist human to get exact answers to questions they ask. In addition, it avoids going 

through many documents to find a single answer to their questions. There are two types of 

questions in QA namely factoid and non-factoid questions. The first one comprises of what, 

where, when, who questions and the second one deals with list, definition, acronym, how 

questions. The focuses of this study are factoid and list questions. 

There are some researches conducted previously on question answering. Most of the researches 

used only SVM algorithm for question classification and any of them did not make use of named 

entity recognizer for answer extraction. In this study an attempt is made to design a list and 

factoid question answering using machine learning approach and an answer extraction that 

makes use of NER. 

This research is a closed domain QA for Amharic that focuses on Ethiopian history. It has three 

components. Question classification for identifying the types of questions which is done using 

two algorithms; HMM and SVM, passage retrieval that is performed by selecting the relevant 

sentences using sentence-level retrieval and answer extraction component selects answers from 

the top ranked sentences using a NER which is developed for this research. Factoid questions are 

answered by using key words matching and extraction using the NER from the question and the 

list questions are answered by using co-occurrence of answer types and candidate answers in a 

text. 

The study achieved an F-measure of 73% using the SVM classifier for question classification 

and an F-measure of 65% was achieved using the HMM classifier for question classification. 

From the result we achieved, we realized that question classification using SVM has a better 

answer extraction performance than the HMM. In addition, the use of NER tool helped answer 

extraction in getting exact answers.  

Key words: Amharic Question Answering, Question Classification, Answer Extraction, Factoid 

Questions, List Questions 
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Chapter 1 

1 Introduction  

1.1 Background 

Natural language processing is a field related to the area of computer science, artificial 

intelligence, linguistics and human computer interactions by means of which computational 

mechanisms are investigated and formulated[1]. These mechanisms allow the development of 

systems that is capable of understanding the knowledge expressed in texts of a given language. 

Natural Language Processing is a computational technique for representing and analyzing 

naturally occurring texts at one or more levels of linguistic analysis for the purpose of achieving 

human-like language processing for a range of tasks or applications [1]. 

The most common applications in NLP include machine translation, information retrieval, 

information extraction, question answering, recognition of entities, classification of documents, 

generation of summaries, etc.  

 

Question answering is an automated technique to retrieve correct and short answers to the 

questions asked by human in natural language. The main aim of QA system is to assist in the 

interaction of human with machines[2]. There are two types of question answering systems. 

Closed domain question answering deals with questions in a specific domain and open domain 

question answering deals with questions almost about everything. The types of questions used in 

a question answering are factoid questions (who, when, what, where) and non-factoid question 

such as definition, list and acronyms. 

 

The state of the art in QA technology combines machine learning with linguistic information 

encoded by human experts in the form of rules in most of the QA systems‟ components. By 

developing fast and efficient algorithms and models for real-time processing of data, machine 

learning is able to produce accurate results and analysis[3]. 
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A typical architecture of a QA system consists of three components linked sequentially. The first 

one question analysis identifies the type of the input question. Retrieval, which is the second 

component, extracts number of relevant documents that are likely to contain the answers and this 

component might incorporate paragraph/sentence retrieval depending on the needs and 

techniques used in the QA systems. Finally, answer extraction extracts and ranks exact answers 

from the previously retrieved passages [4]. 

 

This study attempts to design a factoid and list question answering for Amharic language using 

machine learning approachs in the question classification components and other NLP tools are 

used for answer extraction. 

 

1.2 Statement of the Problem 

Humans ask many questions throughout their lives in order to know the world they are living in. 

When someone asks a question, that person may want a specific answer to that particular 

question. Seeking an answer from the web, a person might crawl through many links and pages 

suggested by the web but still might not get any answer for that particular question. While 

crawling the web, that person gets a bunch of documents that could hold the answers for the 

questions raised but require reading one or more of the documents to get the answer. A question 

answering system reduces the processes of going through number of documents to get a single 

answer.  

 

In the meantime, if a person inputs a question in Amharic to search through the web, that person 

might not get any response or might get some documents that hold similar words in the question 

or documents that might hold an answer to the question. However, the person will not get an 

exact answer. An Amharic QA, just like any other QA systems, should return exact answers to 

users. 

 

Linguists put the formation of Amharic questions and answers differently. Accordingly, one can 

raise questions about some action or condition, about the performer of an action, about the agent 

who performed the action or time and place, about the cause of the action or aim of the action, 

how the action is performed or techniques used to perform the action, and so on[6]. The basic 
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challenge in Amharic is the interrogative words which are multipurpose, in which a word used to 

ask about a place might also ask about a person. For example, in the question, “የ ውጫላ ውሌ 

የ ተፈረመው በማን  እና  በማን  መካከሌ ነ በር?”. 

 

There is a research work done on Amharic question answering for factoid questions[6]. Hand 

crafted rules and regular expressions were used for identification of question types and also a 

gazetteer was used to get named entities. Other works such as a web based Amharic question 

answering for factoid questions[7], Amharic question answering for list questions[8] and 

Amharic definitive question answering[9] applied machine learning approach and used SVM for 

question classification task. 

 

The research works mentioned above did not make use of POS tagging and NER tools, which 

make the performance of question answering better and help in making the answer extraction and 

retrieval easier. Instead, some of them used gazetteer based entity recognition. Even though there 

had been researches undertaken to develop such tools (POS and NER), there are no systems 

available to integrate to question answering systems since those studies were made as MSc 

researches. For this study, we develop and use these tools to make the retrieval process easier 

and to get a better performance.  

 

The classification algorithm the previous works have used is only SVM but we investigate both 

SVM and HMM and compare the performance of the two algorithms. Furthermore, since there 

was no previous work done by combining both list and factoid questions we investigated a multi-

type question answering that comprises factoid and list questions. Moreover, in this study we 

introduced a new design that is a multi-type question answering with a better answer extraction 

using an NER tool and different classification algorithms.  

 

1.3 Research Questions 

 How can we integrate factoid and list questions and come up with a multi-type question 

answering for Amharic? 

 To what extent will the development and use of NER and POS tagger help gain better 

performance? 
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1.4 Objective 

1.4.1 General Objective 

The general objective of this study is to design Amharic Question Answering system for factoid 

and list questions.  

1.4.2 Specific Objectives 

To achieve the main objectives, the study has the following specific objectives:  

a) To study the general features of Amharic factoid and list questions.  

b) To construct a general architecture of Amharic Question Answering system. 

c) To develop a prototype for the new system. 

d) To evaluate the designed system and check performance differences.  

1.5 Significance of the Study 

This research has a great significance to the development of question answering system. It can be 

an input for other researchers working on Amharic factoid and list questions and for others who 

work on a full-fledged QA that integrates factoid and other non-factoid questions.  

1.6 Scope and Limitation of the Study 

The scope of the study is limited to Amharic language as the title indicates because the 

researcher is familiar to the language. The question types considered are only factoid questions 

and list questions to come up with an integrated question answering. Since the study focuses on a 

specific domain, it will only be about Ethiopian history covering topics from the ancient to 

modern ages. We selected this specific domain because the researcher believes that in this 

domain, many questions can be raised and used in QA. Taking the tools used for the study in to 

consideration, only NER and POS tagger is developed and used from the NLP tools we need. In 

addition, algorithms used in this study for question classification are only SVM and HMM. 

1.7 Methodology 

The research methodology applied for this particular research is a design science approach. 

Design science approach involves a strict process to design artifacts to solve observed problems, 

to make research contributions, to evaluate the designs, and to communicate the results to the 

appropriate audiences[10]. 

 

For better understanding of the work and the approaches that are available, techniques and 

algorithms used and also to find the gaps from previous works, literature review is used. The 
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dataset used for this research is an Amharic corpus of Ethiopian history, collected from different 

books, newspapers, electronically available documents and the Internet. In addition, the possible 

questions that people could ask about Ethiopian history is collected using different techniques. 

The corpus gathered from different sources first pass through some pre-processing tasks and then 

the appropriate machine learning approach is applied to go to the next steps, which are question 

analysis, document retrieval and answer extraction. For the development of the question 

answering, python programming language is used. Some NLP tools such as part of speech tagger 

and named entity recognizer are developed and used, as both tools are very important for the 

designed system. The experiment is evaluated and tested at each phases of the research and 

performances are compared with previous works. The methodology we used is explained well in 

chapter four of this research paper. 

1.8 Organization of the Thesis  

This thesis is organized into six chapters. The first chapter introduces the background of the 

study and the statement of the problem that leads to this study. In addition, the objectives of the 

study, significance, the scope and limitation and methodologies used in the study are presented. 

The second chapter covers the literature review on question answering. This chapter discusses 

the overview of QA, types of QA, the approaches and components of QA. In addition, it covers 

related works from local and global level. Similarly, the third chapter presents about the Amharic 

language. Formation of questions in Amharic, construction of sentences and the punctuation 

marks used in Amharic are included in the chapter.   

In the fourth chapter, we present the methodology and design that we used in this study. The 

steps followed in design science are discussed in accordance with our study including the system 

architecture and components used in designing QA using factual and list questions. 

The fifth chapter, which is the experiment and evaluation, describes about the experiments we 

performed and results found using the evaluation techniques. Finally, the last chapter is about the 

conclusion we made after the findings of the experiments and recommendations that we 

suggested to other researchers.  
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Chapter 2 

2  Literature Review 

2.1 What is Questions Answering? 

Question answering is one of the tasks performed in natural language processing. It is a system 

that allows users to ask questions about some topic in natural language and gives exact answers 

by retrieving answers from collection of documents[5]. It has two interrelated goals: first 

understand issues in natural language understanding and representation and second to develop a 

natural language interface to computers. Natural language understanding and representation 

enables users to address computers as they are addressing human using their native language or 

natural language but this will not be possible if computers cannot understand the natural 

language of human. So in order to make these goals happen, natural language processing 

designing methods that can analyze, understand and generate languages that humans use 

naturally must be developed in addition an interface to access all of these should be developed.  

A question answering system is mainly used to provide short and precise answers to users‟ 

questions using natural language. Therefore, users are able to ask questions and retrieve answers 

using their native language. The system can be used to search over a fixed set of books, to search 

over the web or for reading comprehension. Companies can use domain specific Question 

Answering techniques internally for the employees who are searching out answers to provide 

information for clients. Another application is in education and medical fields, it can also be used 

for answering questions in fields where there are frequently asked questions that people want to 

search [11].  

 

Information retrieval is always mentioned when a question answering system is developed. 

Information retrieval is related to question answering in which users use IR in order to find 

answers to their questions but what they get on hand is number of documents to look for answers 

for their questions. IR is used in question answering for two purposes. One on the stage of 

passage retrieval, to get the relevant passages from the retrieved documents and the other is the 

IR community has developed a methodology for evaluation, which are the annual Text REtrieval 



 
 

7 
 

Conferences (TRECs), run by the US National Institute of Standards and Technology. It is from 

this methodology and community that the recent question answering evaluation is developed [5]. 

2.2 Types of Question Answering Systems 

Question answering system deals with a wide range of question types including: factoid, list, 

definition, How, Why, hypothetical and cross-lingual questions. There are however two basic 

types of question answering systems [12]. 

2.2.1 Closed-domain Question Answering System 

Closed-domain question answering deals with questions under a specific domain. It is a system 

that accepts only limited types of questions. It has very high precision as it returns exact answers 

but requires wide language processing and it is restricted to single domain [12]. In close domain 

system, answers to question have to be stored since they are not available in public domain. we 

cannot search them using any search engine.  

 

The first step in closed domain system is to understand natural language questions so that 

solution could be matched to the respective answer in the database or corpus[1]. Understanding 

natural language will also help to answer questions accurately. Restricted or closed domain can 

be taken as an efficient approach for improving accuracy of question answering systems since 

the search will be on a specific area of focus.   

 

2.2.2 Open domain Question Answering System 

Open domain systems depend mostly on word knowledge and general ontologies and deals with 

questions about nearly anything [1]. These systems usually have much more available data from 

which answers can be extracted. The most important challenge of an open domain system is its 

database. The efficiency of this system depends on how well the database is arranged and 

maintained since it tries to answer almost everything.  

 

While considering open domain systems, web based systems are also mentioned most of the time 

because of the capability of the web to cover almost everything. In addition, majority of web 

based systems are also focused in open domain. When other search techniques failed to provide 

short and to the point answers to users‟ queries, a web-based question answering systems were 

developed [13]. Web based systems use search engines to get web pages that are expected to 
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contain the answers to users‟ questions and then extract the most similar answer from all possible 

answers returned as a search result. Each search result usually contains title, URL and some 

strings of the related web document and that is called “snippets” [1]. Since downloading web 

documents and analyzing them consumes more time, the system makes use of the snippets in the 

search result.  

 

START can be taken as an example of an open domain and web based QA system. The system 

works by talking snippets containing possible answers. The possible answers are classified using 

a vector space model then to find more accurate answer, ranking is also performed. Finally the 

evaluation of the final answer will be done and returned to the system [1]. 

2.3 Architecture of a Question Answering System 

A typical architecture of QA is known to contain three components; question analysis, document 

retrieval, and answer extraction as it is depicted in the figure below [14].  In this architecture, the 

question analyzer which is a sub-component of question processing is the component expected to 

analyze the question that determines the proper answer type and formulate proper queries for 

document retrieval. The document retrieval component will retrieve the top related documents 

according to the formulated question and then will be subjected to passage retrieval later. The 

final component, answer extraction component is responsible to extract the correct answer from 

the ranked extracted passages. 
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Figure 2-1: Architecture of a Question answering System 

2.3.1 Question Analysis 

Question analysis is the most important component of question answering. This component 

processes the question, analyzes the question type, and produces a set of keywords for retrieval. 

Question processing includes the task of tokenization, POS tagging, named entity recognition 

and natural language parsing and other pre-processing tasks. The question type further indicates 

what will be the expected answer types. Correctly identifying the expected answer type will help 

the later stage of answer extraction to identify answers correctly. In other way, if there is a 

mistake in question identification it will result wrong answer. Identifying Keywords and 

definition terms help the system to locate sentences where answers can probably be found [15].  

 

Users could ask the same question in different ways. Depending on the retrieval and answer 

extraction approaches, some question analysis components also try to recognize semantics of the 

questions. The semantic context helps the system to decide between different possible answers 

by comparing expected answer and probable answer. For this purpose, a WordNet based tool can 

be used to process questions type. The semantic context also helps in approximating the type of 

the expected answer when the analysis is unable to obtain it.  It also allows sub-classifying 

concepts which are broad for each particular question and it helps the system to decide between 

different possible answers by comparing expected answer and probable answer semantic 

contexts [15]. 

 

2.3.1.1 Question Classification 

As indicated above the question analysis phase plays a great role in determining the answer type. 

In order to fulfill this purpose, we use question classification to determine the type of answer the 

user is expecting to receive from a given question. Question type is a semantic category of 

questions, which are characterized by common properties such as Questions of type Place, 

Person, Term Definition, Quantity, Listing, Explanation, True/False, and Time[8]. 

 

Question classification is concerned about assigning semantic classes to questions. This semantic 

classification reduces the search space of possible answers. If we can determine the specific 
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semantic class of a question, we can then easily look for the instances of that particular answer 

type. It can be done using hand written rules or using machine learning based approach.  

2.3.2 Document Retrieval 

Question answering systems use document retrieval in order to get documents that contain the 

expected answer for user‟s questions [5]. This indicates that question-answering systems depend 

mostly on retrieval systems. Question answering mostly contains a retrieval subsystem that will 

help in identifying documents or passages which may contain an answer for the question. The 

document retrieval component provides ranked documents that can be used by answer extraction 

component, which is the next component of the question answering system. Some question 

answering systems use the retrieval system to retrieve related documents, which are further used 

for another subsystem called passage retrieval. 

 

2.3.2.1 Passage Retrieval 

Although set of general documents are ranked by relevance, it does not mean the top ranked 

document is the answer for a user‟s question. This is because documents are not an appropriate 

unit to rank with respect to the goal of a question answering system [3]. There are a number of 

weighting schemes which can be used within vector space model for retrieval. The most 

common term-weighting strategy is known as the tf-idf strategy, which stands for term frequency 

and inverse document frequency. Term frequency refers to the number of times a term appears 

within a document. The inverse document frequency of a term is a measure of how rare the term 

is across the entire corpus. The insight is that if a term occurs frequently in a document, but not 

frequently in the corpus considered as a whole, then that term does a good job of describing that 

document. In tf-idf weighting, each term is weighted by the product of its term frequency and its 

inverse document frequency. 

 

The first stage in the passage retrieval is to leave out the passages that do not contain expected 

answers from the retrieved documents and then rank the rest of the passages according to the 

probability they contain to answer the question. So, the first step will be to run a named entity or 

answer type classification on the retrieved passages. The answer type determined from the 

question will indicate the possible answer type we should expect. 
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The remaining passages are then ranked, relying on a small set of features such as: the number of 

named entities of the right type in the passage, the number of question key words, the rank of the 

document from which the passage will be extracted[16]. 

2.3.3 Answer Extraction 

Answer Extraction is the last component in question answering, which is responsible for 

identifying, extracting and validating answers from the set of ordered paragraphs passed to it. 

Answer extraction is implemented by inspecting the candidate passages, which is full of 

information including POS and named entity tags. If the named entity in the candidate passages 

corresponds to an expected answer type, the entity will be picked out as a candidate answer. 

When multiple candidate answers exist, the selection of the best candidate answer is performed 

with an answer ranking scheme that relies on heuristics method [1]. 

Answer extraction component for non-factoid questions also extracts answers from a paragraph 

of retrieved documents according to answer extraction patterns of each question type [17]. This 

component searches for linguistic behavior of each question type, which are mentioned above for 

each passage.  

 

2.3.3.1 Named Entity Recognition for Answer Extraction 

Named Entity Recognition is a specialized form of an information extraction task dedicated to 

identifying phrases in text that refer to entities like people, organizations, date and currency 

amounts, and extracting their semantics. It is also the most important task in question answering 

so that answer types can be detected easily. Names appear frequently in many types of texts, and 

identifying and classifying them simplifies further processing. Names are identified by a set of 

patterns which are stated in terms of parts-of-speech, syntactic features, and orthographic 

features (e.g. capitalization for English). 

 

Combining the NER with semantic context will improve system performance by increasing the 

amount and quality of the information obtained from the question; it also improves possible 

answers detection and extraction. 
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2.3.4 Answer Presentation 

In TREC systems, the most relevant set of answers is presented in different forms such as 

presentation of exact answers with a principle of one answer per one question, supported answer 

and an answer with the document where the exact answer string presented with its corresponding 

document. This component uses natural language generation for presentation of answers and 

artificial intelligence for answer justification. 

2.4 Approaches to Question Answering 

Approaches of QA systems are divided into groups based on the methods used. Some group of 

QA system belongs to simple natural language processing and information retrieval methods, 

while another group of QA systems depend on reasoning with natural language [11]. The 

previous one uses techniques of NLP such as syntax processing, NER and information retrieval 

techniques in order to achieve the goals of a question answering system; uses free text 

documents as a data source; the questions are mostly WH- type and use the existing IR 

evaluation techniques. However, the later uses higher reasoning techniques; knowledge base is 

used as a source of data, mostly domain oriented; might be beyond WH- type of questions and no 

evaluation techniques are introduced. 

2.4.1 Rule Based Approach 

In this approach, a wide coverage of NLP techniques is used in order to achieve accuracy of the 

answers retrieved. These systems first generate training data and test data through a semantic 

model. Some systems of this type generate rules for each type of questions such as the semantic 

classes who, when, where and why type questions. “Who” rules look for names that are the class 

of nouns. “When” rules consist of time expressions only. “Where” rules mostly look for 

locations but might be different in the case of Amharic. These systems require learning rules 

from training data and are mostly used in reading and answering comprehension questions. A 

system called Quarc used some heuristic rules that look for sematic and lexical hints to identify 

the question class [18]. 

 

2.4.2 Pattern Matching Approach 

This approach makes use of text patterns in place of complex processing involved in other 

competing approaches. Many of the questions answering systems automatically learn the text 

patterns from passages rather than using linguistic knowledge or tools such as named entity, 
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WordNet, ontologies, etc. for retrieving answers. For example, the question “who is the founder 

of Addis Ababa?” will look for the pattern “who is <person name > of <location>?” and the 

answer be like “<person name> is the founder of Addis Ababa”. 

 Most of the patterns matching QA systems use the surface text patterns while some of them use 

templates for response generation.  

 

2.4.2.1 Surface Text Pattern 

Initially, the surface text pattern based method was aimed at finding answers to factual questions, 

as their answer is limited to one or two sentences. This approach extracts answers from the 

surface structure of the retrieved documents by relying on some list of patterns. Answer to a 

question is identified depending on the similarity between their patterns having certain 

semantics. These patterns are like regular expressions.  

 

Some systems used this pattern matching as an alternative approach for difficult questions like 

acronym expansion questions, date of birth questions and location questions. A system was 

developed by some researchers by integrating surface patterns with a named entity tagger. 

Another system used a soft pattern matching based on bigram model and HMM instead of 

regular expression. This approach can be applicable for a small and medium sized websites [2]. 

2.4.2.2 Template Based Pattern  

A template-based approach makes use of preformatted patterns for questions. The focus of this 

approach is more on illustration rather than interpretation of questions and answers. The set for 

templates is built in order to contain the optimum number of templates ensuring that it 

adequately cover the space of problem, and each of its members represents a wide range of 

questions of their own type. Templates have entity slots, which are missing elements bound to 

the concept of the question that has to be filled to generate the query template to retrieve the 

corresponding response from the database. The response returned by query would be raw data, 

which is returned to the user [2]. In template-matching precision of document retrieval is high 

because the key words for finding answers are selected using human intelligence[19]. 
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2.4.3 Machine Learning Approach 

Machine learning is one of the approaches of question classification in a question answering 

system. It can automatically construct question classification program with a high performance, 

which can be used for more features of questions[4]. Given more training data, the performance 

of a learned classification program usually improves. For some tasks such as identifying the 

question type, machine-learning classification can be taken as classical classification tasks that 

can be solved by different ML algorithms. The advantage of using machine learning approach is 

that because it is flexible, more adaptable and easily maintainable [20]. There is no need of 

handcrafting rules to maintain and adapt to new changes every time, which is why this research 

is using this approach. IBM Watson can be an example of machine learning based system; 

Maximum Entropy model was used for question and answer classification based on N-gram 

features [2]. 

 

In machine learning approach, a question classifier is trained in a supervised manner. Possible 

choices of classifiers include but are not limited to Nearest Neighbors (NN), Naive Bayes, 

Decision Tree (DT), Sparse Network of Winnows (SNoW), Hidden Markov Models (HMM) and 

Support Vector Machines (SVM). We will look through each in the paragraphs below: 

 

The Nearest Neighbors algorithm is a simplified version of the well-known KNN algorithm, 

which has been successfully applied in document classification[21]. Given an unlabeled instance, 

the NN algorithm finds its nearest or more similar neighbors among the training examples, and 

uses the dominant class label of these nearest neighbors as its class label.  

 

The Naive Bayes algorithm is a commonly studied algorithm in machine learning. It is 

considered as one of the top performing methods for document classification. Its basic idea is to 

estimate the parameters of a multinomial generative model for instances, then find the most 

probable class for a given instance using the Bayes‟ rule [22]. 

 

The Decision Tree algorithm is a method for approximating discrete valued target function, in 

which a tree of arbitrary degree that classifies instances represents the learned function. The C4.5 

software is a widely used implementation of the DT algorithm [22]. 
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The Sparse Network of Winnows (SNoW) algorithm is specifically tailored for learning in the 

presence of a very large number of features and can be used as a general purpose multiclass 

classifier. The learned classifier is a sparse network of linear functions [22].  

 

Hidden Markov Model is very powerful from mathematical structure point of view and it has 

formed many theoretical bases of different applications, also if the model is implemented well it 

could be used for many applications, which is why we selected it as a candidate algorithm for 

this research[21]. In HMM the state sequence cannot be identified meaning the status sequence 

could not be observed and is hidden, so it is called HMM. It is one of the most important tools of 

analyzing the random sequences of finite status structure and a good method for QA system. It 

searches all documents according to the possibility of relation to the question and finally the lists 

of the documents are presented to the user. It presents the highest similarity to the asked question 

and one can say that it is guaranteed in HMM that the answer presented, is the accurate one[23]. 

 

HMM has 3 parameters: Start Probability, Transition Probability and Emission Probability[39]. 

Start Probability means the probability that a tag exists first in a sentence. Transition Probability 

means the ratio of probability of transition from given tag to the next tag and the Probability of 

occurrence of a given tag. Emission Probability is the ratio of probability of occurrence of 

particular word with tag t and the Probability of occurrence of a tag t. 

 

Support Vector Machine is a binary linear classifier, which takes in a set of training data and 

classifies each member of the set into one of the two categories. The training algorithm builds a 

model that can be used to classify the items from a test data set into one category or another. 

Given a set of training examples, each marked as belonging to one of two categories, an SVM 

training algorithm builds a model that assigns new examples into one category or the other. An 

SVM model is a representation of the examples as points in space, mapped so that the examples 

of the separate categories are divided by a clear gap that is as wide as possible. New examples 

are then mapped into that same space and predicted to belong to a category based on which side 

of the gap they fall on. 
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Support Vector Machines are linear functions of the form f (x) = w • x + b, where w • x is the 

inner product between the weight vector w and the input vector x. The SVM can be used as a 

classifier by setting the class to 1 if f (x) > 0 and to -1 otherwise. The main idea of SVM is to 

select a hyperplane that separates the positive and negative examples while maximizing the 

minimum margin, where the margin for example xi is yi f(xi) and yi ∈ {-1,1} is the target output. 

This corresponds to minimizing w • w subject to yi ((w • x) + b ≥ 1) for all i. Large margin 

classifiers are known to have good generalization properties. To deal with cases where there may 

be no separating hyperplane, the soft margin SVM has been proposed. The soft margin SVM 

minimizes w • w. 

 

2.5 Answering Factoid Questions 

Answers for factoid questions are mostly short answers that require factual answers such as 

location, name and time. It was first proven by IBM Watson that supervised machine learning 

can be applied for factoid question answering. Factoid questions usually carry some information 

about the type of the answer. A factoid question has exactly one correct answer that can be 

extracted from short text segments[24]. Answering factoid questions is much simpler than the 

other categories. One of the important issues in the factoid question answering is the answer 

ranking. The correct answer for a question should be in the top of the produced answer list by a 

QA system.  

 

2.6 Answering List Questions 

A list question is a question, which requires a list as an answer to be collected from number of 

documents. List questions are organized into questions in which each has its own target. The 

instances of the answers to the list questions happen to occur with the target and question 

keywords. Some systems treat list questions as an extended version of factoid questions and 

answer a list question by simply returning the top N answers found by the factoid question 

answering system. List questions can also be answered by using relationships between question 

terms and answers [25]. 

A list question is answered in the following steps: First, the answer type of the question is 

determined. For this purpose, each question is associated to one of the known entities such as 
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person, country, organization, city and others. This is done by using lexical and semantic 

patterns. After the type of answer is predicted, a number of documents are retrieved using a 

query generated from the target and the question. Depending on the answer type, the candidate 

answers are extracted using a named entity tagger [25]. A similarity value is then, computed for 

each pair of candidate answers based on their co-occurrence within sentences. Candidates are 

grouped into the same entity group and determined their similarity; then the final candidate 

answers are selected. 

2.7 Evaluation of a Question Answering System 

An answer is judged correct if it is answered as expected. If collections of documents do not 

support a correct answer, it is unsupported. If bits are added or missing, it is judged as inexact 

answer. If a question does not have a correct answer in the document collection “no answer” is 

returned [26]. For automatic evaluation, pairs of correct answer patterns and supporting 

document identifier is provided for each question from sets of all correct answers. 

 

There are four standard evaluation metrics used for evaluation of a question answering which 

are: Precision, Recall, F-measure and Mean Reciprocal Rank (MRR). Precision is the measure of 

the accuracy of an answer where proportion of the number of correct answers to the number of 

returned answers is calculated, and Recall is the proportion of the number of correct answers to 

the number of test questions. Both precision and recall are set based measures as they evaluate 

the quality of an unordered set of retrieved documents. F-measure is the harmonic mean of 

Precision and Recall. Mean Reciprocal Rank (MRR) considers the rank of the first correct 

answer in the list of possible answers [24]. It is mainly concerned about correctness which is 

denoted by 0 or 1.  
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2.8 A survey of Amharic Question Answering Research 

A question answering system has been designed for different languages in the world such as 

English, Arabic, Chinese, and Hindi. Even though they are designed for fulfillment of an MSc 

research there are some works in local languages such as Amharic and Affan Oromo as well.  

In this section, we present some local related works. 

 

2.8.1 Amharic Question Answering (AQA) For Factoid Questions 

The work of [6] attempted the first Amharic factoid question answering system. The research 

was conducted by taking the nature of Amharic questions in to consideration since construction 

of Amharic questions is different from English. Corpuses were collected from 15600 news 

articles from different newspapers. The documents collected passed through some pre-processing 

phase to put them in the appropriate format. The main pre-processing techniques used in the 

research are sentence/paragraph demarcation (fixing boundary), Ethiopic number normalization, 

character normalization, sentence based tokenization, stemming, stop-word removal and 

gazetteer preparations.  

 

After preprocessing, the documents were indexed using Lucence indexer, the next step is to 

process the user question, which will help in generating a well structured query. User generated 

questions are received by the system and a rule based question type identification carried out to 

determine what type of question the user is asking and what type of answer is being expected 

from that question. For question classification, algorithms are developed and implemented using 

the Java programming language in the eclipse editor. After question classification, the document 

retrieval component uses the Lucene API with some modifications. In addition to the core 

Lucene API components, some packages such as RegexQuery for regular expression based 

searching were also used. 

 

Rule-based answer selection techniques are considered for answering questions that cannot be 

answered directly by the named entity recognition technique. In the rule-based technique, rules 

have been developed to find some specific types of answer particles for some question types. The 

rules developed help in extracting foreign person names and place names where the person name 

and place name cannot be found in the gazetteer list. 
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Evaluation of the system was mainly for correctness of answers. The researcher evaluated the 

system using precision, recall and MRR. The rule based question classification module classifies 

about 89% of the question correctly. For answer selection, the researcher used different selection 

approaches and the gazetteer based answer selection using a paragraph answer selection 

technique answers 72% of the questions correctly.  

 

The researcher recommended that the development of NER, POS tagger, stemmer, parser and 

Amharic spell checker is good for performance improvement. Integrating with search engines, 

incorporating with machine learning and statistical question classification and extending to other 

domains to apply to different organizations was also suggested. 

 

2.8.2 Amharic Question Answering for List Questions 

The work of [8] was aimed at solving the problem of users struggling to find answers in IR 

systems because what is returned after the search is a bunch of documents that are expected to 

contain the answers for their questions.  

 

Question answering system for list questions is designed based on the distributional hypothesis, 

which states that “words occurring in the same contexts tend to have the same meanings” [8]. In 

list questions, the answer to the question includes one or more entities of a given type. The type 

is given as part of the question and used by the system to enhance the ability of addressing the 

question. Since the type of the concepts of interests that answer a given question are often 

obvious from the question itself, this form of information need representation using an answer 

type. 

In document retrieval module of the system, documents that are containing the answers will be 

retrieved from the large corpus. For this task, a probabilistic IR system for Amharic language has 

been applied with some modifications on customizing steaming and query generation modules. 

Then the answer extraction module takes place to select the expected answer type. 

 

After the answer extraction that is carried out next to document retrieval, unwanted answers are 

found in the list even if all the correct answers also exist in it. The reason for this problem is the 

co-occurrence module. Answer instances of a list question co-occur within the sentences of the 
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documents related to the target and the question [8].This module is developed by using sentences 

because answers co-occur within the sentences of the documents related to the answer type and 

the question.  

 

Once all the data regarding co-occurrences is collected, the similarity between each pair of terms 

is computed to select candidate answers from the lists of the extracted answers. Candidate terms 

that co-occur more often with other candidate answers are more likely to be the answer. So the 

sum of the similarities of each term to other term is used as an indicator [8]. 

 

For evaluation purpose, the researcher used overall precision and overall recall because all 

instances have equal weight while in precision and recall, each question is given equal weight 

and the weight is further divided into the answer instances of the question. Therefore, instances 

in questions with fewer answers have more impact than those in questions with more answers. 

The overall precision of the overall system is 0.61 and the overall recall of the system is 

0.636[8]. 

 

Verifying the list of answers using an already collected question answer match is recommended 

by the researcher to enhance the performance of the system.  Development an IR system that can 

work for a small collection of documents as it provides the documents that contain the candidate 

answers and decrease number of documents to be processed for answer and the development of 

standard POS and NER is also suggested. 

 

2.8.3 A Web Based Question Answering for Factoid Questions  

Due to the richness of the web the researcher at [7] assumes it is feasible to construct a web 

based question answering system that returns short answers for users‟ questions. As the corpus 

used for the research is gathered from Amharic web sites, a J-spider crawler is used to download 

pages from the sites. Then, the language identification module will filter out non- Amharic 

content pages in the search space. The Amharic documents are then indexed in a way to facilitate 

information retrieval later in the system using the Lucene indexer. When the search space is 

ready, then the question answering part will start playing its role serving the users [7]. 
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The system has two major parts, the search engine part (crawler and indexer) and the question 

answering part. The web crawler used in the search engine retrieve web pages and downloads 

them or their representations to a local repository used for searching. Language Identification 

Module (LIM) used for language identification takes the crawled web pages from the repository 

and puts into another repository that is to be used by the Lucene indexer. Then the other part of 

the search engine, the indexer, extracts a text from the downloaded documents. Lucene index 

contains a sequence of documents, where a document is a sequence of fields and a field is a 

named sequence of terms called strings. 

 

In the question answering part, question classification is performed using a classifier algorithm 

SVM. For training the classifier, 1200 questions from the four classes of factoid questions 

(person, time, place and quantity) are used. For answer extraction, the researcher used pattern-

matching approach with proximity between the query terms and candidate answer terms. These 

candidate answer terms are identified from the documents based on some pattern matching 

technique. 

It should be noted that the passage retrieval component is not much of important in this research 

as it is an open domain QA and in such systems answers might be found from different 

documents not only from a single passage. 

The attained accuracy of the system with application of a machine learning based classification 

algorithm, support vector machine (SVM), is 94.2% in question classification. In addition, the 

overall performance of the system in answering users‟ questions was of 77%. 

 

The researcher recommended the improvement of Amharic stemmer, POS tagger and spell 

checker would result to an improved performance. Since the researcher only used the SVM 

classifier, trying out the other algorithms is also recommended.  

 

2.8.4 Amharic Definitive Question Answering 

The increase of electronic data made the IR system not to be helping in the retrieval of exact 

information needed in a short period. The QA systems that are constructed for foreign languages 

cannot be applied directly for Amharic language because the QA components are language 
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dependent so, it is vital to develop one for Amharic. These and other problems initiated the 

investigation of the researcher at [9] in Amharic question answering for definition questions.  

 

The research focuses on a closed domain QA that answers questions about law. Amharic law 

documents and training materials related to law are collected because law documents include 

definitions and there is no standard Amharic corpus to experiment on open-domain definitions. 

Corpus is collected from Ministry of Justice, Federal Supreme Court and websites. The 

document collected contains proclamations, laws, directives and training manuals. For testing 

purpose, documents are pre-processed using sentence extractor, character normalization, 

sentence/ paragraph tokenization, lexical analysis with the aim of treating digits and punctuation 

marks, stemming and also synonym indexing is used in place of WordNet.  

 

A definition question is not a fully formed question, like a factoid question; rather it is just the 

name of the thing the user wishes to define. Just like factoid questions the target of the definition 

has to be analyzed to enable relevant documents to be located [9]. 

 

The system is composed of two components: indexing and definition searching.  Under indexing 

there are subcomponents for pre-processing of the corpus which deals with the language 

dependent task which are listed above and extraction of all possible definitions from the Amharic 

legal corpus. Definition searching component consists of question analysis, which extract the 

definiendum from natural language question and retrieve the possible definition. In this 

component, lexical patterns, that are constructed manually, are used to identify the candidate 

definitions from the selected snippets. 

Since the first step of every QA is question analysis this system also follows this approach. So 

the result of this module is identification of the definiendum. To return the answer for the 

definition question, the indexed file, which contains concept-description pair, is opened and 

search for a match between the concept and definiendum is done. If the definiendum is found in 

the dictionary catalog it display the answer otherwise it display an error message [9]. 

 

Definition type questions require word meaning, term definition, and description of term [9]. So 

to provide full information, full sentences are extracted as answers for users‟ natural language 
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query. To identify defnitions with their descriptions hard pattern matching is used. In addition, 

definition signal words at the end of the sentence like ናቸው፣ ነ ው and ይተረጎ ማሌ are used to 

identify the concept- description pairs. 

 

The evaluation of the experiment was done directly by ten native Amharic speakers who 

presented two questions each to the system and was judged by legal experts, for the correctness 

of the answers. Result shows that normalization and stemming increase the effectiveness of the 

system significantly. On the average, a precision of 85.6%, a recall of 73.0% and 78.8% F-

measure is achieved. 

 

Finally, the researcher recommended that the development of a standard Amharic NER, 

stemmer, WordNet, spell checker; preparation of standard corpus can improve the performance 

of a question answering system. In addition, integration with query expansion techniques will 

help improve the performance. He also noted that it is possible to construct an open domain QA 

and integrate to a search engine.  

 

2.8.5 Amharic QA for Definitional, Biographical and Description Questions 

Amharic non-factoid questions are questions with complex answers most of them require 

definitions, descriptions, reasoning or procedural explanations. Amharic definitional, 

biographical and description questions cannot be answered by Amharic factoid question 

answering because the answers are not only entity names and require complex question 

processing.  

 

The design and implementation of the system explored in this research comprises four major 

phases, which are document preprocessing, question analysis, document analysis, and answer 

extraction. Document preprocessing includes character normalization, short word expansion, 

stop word removal, stemming, morphological analysis, and indexing using Lucene API. 

Question analysis includes question classification, query generation, and query expansion. 

Document analysis contains document retrieval and document filtering. The fourth phase in the 

design process is answer extraction [27]. 
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The question classifier subcomponent of the system identifies the type of a question as 

biography, definition or description. Rule-based and machine-learning approaches are used for 

identification of the type of question. The rule-based algorithm determines the question type by 

using the interrogative terms of the question and class indicative terms which can be used as a 

clue to indicate the class of the question type. The machine learning approach predicts the type 

of questions based on training models. The training and classifying tool used is Support Vector 

Machine algorithm (SVM).  

 

Since there are three question classes used in this research, the SVM classifier cannot be directly 

used to identify the question type. For this reason, one class with other class technique is used to 

train the classifier and prepared three question groups i.e., definition versus biography, definition 

versus description, and description versus biography then; it constructs three models based on the 

three grouped data. Testing is done with the three generated models and as a result, the classifier 

returns a number that shows to which question type the classifier classifies the given question. 

Then the total of the three numbers are generated. 

 

Definition and description questions require complex response which is a short paragraph which 

clearly defines the target or state concepts the user wishes to know more about [27]. Thus for the 

answer extraction component finding snippets or piece of information about the current target, 

ranking, selecting, and ordering them is very important. In order to perform these tasks, the 

definition-description answer extraction is done. Then according to the question type the snippet 

extractor sub-component extracts sentences from the tokenized sentences using manually crafted 

indicative patterns for definition and 5 rules for description questions are crafted by inspecting 

different Amharic definition and description bearing documents [27]. Gazetteer based NER is 

also used for answer extraction. 

 

For biography questions whose focus is a person, important dates in their life (birth, marriage, 

and death), their major achievements and some other items are noted as „correct‟ answer. 

Therefore, to generate an answer biography answer extraction component first merges the 

filtered documents, summarizes the merged document, and validates the summary. Finally, if the 

result seems valid, the summary is displayed as an answer. 
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In order to construct the final answer selection subcomponent ranks the sentences by their score, 

selects the top ranked definition/description sentences according to the definition/description 

length requirement which is 5 sentences for this research. In Biographical questions answers are 

selected if the validation of the summary approves. 

 

The performance of the SVM based question type classifier is 83.3% and that of the rule based 

question type classifier is 98.3%. The answer extraction component is evaluated by 120 test 

questions and 300 documents. The average recall, precision, and F-score of the answer extraction 

component are 0.609, 0.683, and 0.592 respectively.  

Finally, the researcher recommended that developing tools that are used for anaphora resolution, 

lexical chains and discourse structure would keep coherence since different documents are 

analyzed. For extraction of snippets well development of semantic analyzer will help increase 

performance. Generating lexical patterns using machine-learning algorithms, development of 

standard corpus, stemmer, morphological analyzer, POS, NER and Amharic spell checker are 

also recommended by the researcher. The table below summarizes the survey presented above: 
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Author  Title  Problem  Method/tool Result  

Seid 

Muhie[6] 

Amharic 

question 

answering for 

factoid questions 

The question and answer 

construction of Amharic is 

different from English and 

other languages and need a 

special consideration on the 

question answering system. 

Java programming 

language to develop 

algorithm using the 

eclipse java editor, 

gazetteer used 

instead of named 

entity recognizer, 

Lucene indexer for 

preprocessing. 

89% of 

questions are 

classified 

correctly and 

72% of user 

questions 

answered 

correctly. 

Brook 

Eshetu[8] 

Amharic 

question 

answering for 

list questions 

Users struggle while looking 

for answers in Amharic 

using IR systems because of 

information overload 

problem, previous work 

done on factoid questions 

used a handcrafted 

classification algorithm. 

Machine learning 

approach using 

SVM classifier 

algorithm, answers 

are extracted using 

the tendency of co-

occurrence of 

candidate answers. 

The overall 

recall of the 

system is 

0.636, 57.5% 

of F-score is 

gained. 

Desalegn 

Abebaw[7] 

A web based 

question 

answering for 

factoid questions 

using machine 

learning 

approach 

The previous work on 

factoid question was a closed 

domain and handcrafted 

rules; due to the richness of 

the web it is more feasible to 

design a web based question 

answering tool. 

J-spider crawler to 

retrieve web pages, 

SVM classifier 

algorithm. 

 94.2%  

accuracy in 

classification 

and 77% 

correctly 

answered 

 

 

Wondwossen 

 

 

Designing 

 

 

Previously constructed QA 

 

 

Synonym indexing 

 

 

Precision 
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Teshome[9] 

 

Amharic 

definitive 

question 

answering 

 

 

systems for foreign 

languages cannot be applied 

for Amharic and the existing 

IR systems are not that much 

helping in getting precise 

answers for users‟ questions. 

 

used in place of 

WordNet, sentence 

extractor and 

character 

normalization used 

for preprocessing, 

pattern matching is 

used for answer 

extraction and 

python 2.7 for 

implementation. 

 

85.6%, recall 

73%, F-

measure of 

78.8% 

attained. 

Tilahun 

Abedissa[27] 

Amharic 

question 

answering for 

definitional, 

biographical and 

description 

questions  

Amharic definitional, 

biographical and description 

questions cannot be 

answered by Amharic 

factoid questions. 

Lucene API for 

indexing, both rule 

based and SVM 

based approaches 

for question 

classification, text 

summarizer for 

biographical 

questions. 

SVM based 

classifier 

83.3%, rule 

based 98.3%, 

average recall 

0.609, 

precision 

0.683,  

F-score 0.592 

 

Table 2-1 Summary of local related works  
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2.9 QA Research in Other Languages 

2.9.1 QARAB: A Question Answering System to Support the Arabic Language 

 

QARAB is a system that takes natural language questions expressed in the Arabic language and 

provides short answers to users. Corpus was collected from a newspaper called Al-Raya which is 

published in Qatar. The system has two parts: the IR system and the NLP system [28]. 

 

The IR system treats the question as a query that identifies the candidate documents that may 

contain the answer. The IR system first processes the text collection from the Al-Raya 

newspaper and constructs an inverted file system, from which the answers to the natural 

language questions will be extracted. The purpose of the IR system is to search the document 

collection to select documents containing information relevant to the user‟s query [28]. 

 

The NLP system is composed of a set of tools to tokenize and tag Arabic text and to identify 

proper names. The NLP techniques are used to parse the question and analyze the top ranked 

documents returned by the IR system. 

 

The basic process in QARAB is composed of three major steps: processing the input question, 

retrieving the candidate documents (paragraphs) containing answers from the IR system, 

processing each one of the candidate documents (paragraphs) in the same way as the question is 

processed. 

QARAB considers users‟ question as a “bag of words” against which the index file is searched to 

obtain a list of ranked documents that possibly contain the answer. The question processing 

begins by performing tokenization to extract individual terms. The stop-words are removed; 

remaining words are tagged for part-of-speech.  The main effort taking task is identifying proper 

names because there is no capitalization in Arabic language. The interrogative words determine 

the type of answer we should be expecting [28]. Input to the Answer Generator is the “bag of 

words” and the paragraphs extracted from the ranked documents. Then it looks for keywords that 

identify a person name using personal names key words. 

The overall success of the system is limited to the amount of available tools developed for the 

Arabic language. 
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2.9.2 IDRAAQ: Query Expansion and Passage Retrieval based QA for Arabic  

The IDRAAQ system is a participant of a campaign called question answering for machine 

reading evaluation (QA4MRE) at CLEF 2012. The campaign represents an evolution of 

evaluation approaches in NLP. The test set is composed of 4 topics as a domain namely Aids, 

climate change, music and society and the fourth one is Alzheimer. 

 

The IDRAAQ system is fully programmed in Java and designed based on the typical modules of 

a QA system. Question analysis and classification analyzes questions to extract key words, 

identify structure of expected answer and form a query to pass to the next module. Passage 

retrieval uses query passed from previous module and extract passages from information 

retrieval process and is the most important component of the system. Then answer validation 

module validates an answer from a list of candidate answers relying on passages that are 

provided by the previous module [29]. 

 

The performance of IDRAAQ system depends on the passage retrieval module as it provides 

candidate passages to the answer validation module for the answers to be selected.  The passage 

retrieval (PR) module of this system is formed by two implemented levels: keyword-based level 

and structure-based level. The former integrates a semantic query expansion process and 

keyword is replaced by its synonyms in the WordNet while the latter uses a Distance Density N-

gram based PR tool for re-ranking passages also new queries are generated[29]. 

 

For evaluation purpose, the type of questions used was factoid, causal, method and purpose. 

Moreover, the system was evaluated based on overall accuracy. From the experiment, most of 

the answered questions are factoid ones (When, Who, What, etc.) but failed in list and reason 

questions. This shows that using Arabic WordNet mapped with a system that contains high 

number of Named Entities has a positive impact on system performances especially when 

processing factoid questions. 
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2.9.3 Automatic Answering System for English Language Questions 

The system at [19] tries to solve both open and closed domain problems for English language. 

The system is developed to enable users to ask question from a mobile phone and it is also 

designed to understand SMS language. 

 

The overall architecture of the system is subdivided into three parts namely: pre-processing, 

answer discovery and answering. The pre-processing part contains two operations: one 

converting SMS abbreviations into general English words by referring a previously stored 

frequently used SMS abbreviations and the other is removal of stop words and stem words as this 

operation increases effectiveness of the system by saving time and disk space. For the stemming 

purpose Porter stemming algorithm was used.  

 

Question –template matching is used for Answer discovery module. Templates are created for 

questions according to a specific syntax; words with synonyms are referred in a synonym file, 

which can be modified whenever it is necessary. In addition, understanding of the problem 

domain is not required for development of the system. A technique for enhancing the template 

matching is used throughout the system and disemvoweling is one of the techniques.  Most of the 

spelling mistakes in English are said to occur because of omission, addition or out of order 

vowels [19]. So removing vowels will reduce amount of spelling mistakes and is used in this 

system for this purpose. 

 

If users ask a question out of closed domain, search engine will search for an answer and return 

to the user. For extraction of a web data JSON is used which is a universal language independent 

format for data which translates html in to another format to make it easier for extraction.  

 

After the answer discovery module, each template representing a question is stored in a database 

with its corresponding answer, when best match is found the answer will be returned to the user 

through SMS. NowSMS which is an SMS content delivery solution is used in the system for 

sending SMS to users [19]. The result of this system was represented as a smart and user-friendly 

automatic answering system, which is capable of answering any question forwarded in English 

or SMS languages. 
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Chapter 3 

3 The Amharic language 

3.1 Introduction 

Amharic language is the working language of the Federal Government of Ethiopia and the 

second most spoken Semitic language next to Arabic. It has been a written language for about 

500 years. It is written in a style of script known as the Ethiopic alphabet, which is composed of 

seven vowels, and 33 consonants that are always combined including ejectives that have no 

sounds in English language. The consonant sounds /p/, /t/, /k/, and /s/ can be produced as 

ejectives [30][31]. 

 

The Amharic language has been declared to have word categories as ስም (noun), ግስ  (verb), 

ቅፅ ሌ(adjective), ተውሳከግስ (Adverb), መስተዋዴዴ(preposition), and ተውሊጠስም  (pronoun)[9]. 

 

Nouns in Amharic represent gender, number, definiteness, case, and direct object status by 

affixes prefixes and suffixes, mostly suffixes[30]. Amharic nouns may have a masculine or 

feminine gender. Suffixes are added to denote a masculine or feminine noun gender. Some nouns 

may have both masculine and feminine gender, while other nouns may only have one gender. 

The feminine gender is used to indicate female as well as smallness. For example, ቤቴ ትን ሽ 

ነ ች፡ ፡  Plurals are formed by adding ዎች or ኦች whether the word ends with a vowel or 

consonant. 

 

Verbs are words derived from roots and affixes to inflect person, number, gender, mood, voice, 

and polarity. Verbs agree with their subjects. Verb agreement with objects is optional. Verbs in 

Amharic are mostly placed at the end of the sentence.  

 

Adverb: it can be used to qualify a verb by adding extra idea on the sentence. The Amharic 

adverbs are limited in number and include ትሊ ን ት፣  ዛ ሬ፣  ገ ና ፣  ቶል፣  እን ዯገ ና  … 
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Adjective: any word that modifies a noun or an adverb, which actually comes before a noun 

ጎ በዝ ተማሪ፣  በጣም ጎ በዝ. Other specific property of adjectives is, when pluralized, it repeats the 

previous letter of the last letter for the word (e.g. ትን ሽ፡  ትን ን ሽ ). 

 

Preposition: is a word which can be placed before a noun and perform adverbial operations 

related to place, time, cause and so on; which can‟t accept any suffix or prefix; and which is 

never used to create a new word. It includes ስሇ ፣  ወዯ፣  እን ዯ፣  ከ… 

 

Pronoun: this category further can be divided as deictic specifier, which includes እሱ፣  እኔ ፣  

አን ተ፣  አን ቺ፣  እ ነ ሱ…; quantitative specifier, which includes ጥቂት፣  አን ዲንዴ፣  አን ዴ…; and 

possession specifier such as የ አ ን ተ፣  የ ኔ ፣  የ ሱ… 

3.2 Sentences in Amharic 

A sentence in Amharic can be a statement which is used to declare, explain, or discuss an issue; 

an interrogative sentence which can be used for questioning; exclamatory and imperative [9]. 

Sentences are constructed from the noun phrase and verb phrase combinations. The noun phrase 

and the verb phrase further divided to different particles such as other sub noun phrase and verb 

phrase, noun, adjectives and so on.  The interrogative sentences also have the same structure with 

little modifications and introduction of question particles (interrogative words). 

 

The verb goes at the end of the sentence in subject/object/verb (SOV) order where in English the 

word order is SVO. The sentences are short in number of words they contain because they have 

lots of prefixes and suffixes. For interrogative sentences, if it is a yes or no question, the sentence 

order stays the same but the intonation is that of a question and no question word is used. If not 

the question word is placed right before the verb. 
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3.3 Amharic Punctuation Marks and Numerals 

The Amharic documents collected must be pre-processed before proceeding to the other 

components of question answering system.  Sentence, paragraph, and document indexing all 

utilize different punctuation marks for separating one from the other [6]. In Amharic, there are 

different punctuation marks used for different purposes. For example, sentence indexing will be 

done with the help of the Amharic full stop (። ) for separating different sentences. So the system 

should understand this punctuation mark indicates the end of a sentence. In the old writing 

systems, a colon (two dots ፡ ) has been used to separate two words. These days the two dots are 

replaced with whitespace. In addition, ነ ጠሊ ሰረዝ (፣  or ፥ ) is also used to separate lists of ideas 

just like the comma in English. 

 

Similarly, numerals have greater impact on Amharic question answering systems. Since numbers 

are stored in different formats, some kind of standardization should be applied to help the 

retrieval technique and searching. Ethiopic and Arabic numbers should be normalized to the 

same standard to make a document suitable for the retrieval component.  In Amharic, numbers 

can be represented using Arabic symbols. It has also its own number representations, Ethiopic 

number representations. Similarly numbers can be represented in a word alphanumerically which 

is representation of numbers in words [9].  

3.4 Question and Answer Formation 

Questions might be raised to know what we do not know or to make sure that we know 

something. To ask questions that we totally don‟t know about in Amharic, we use adverbs and to 

be sure about what we know we use other words or tones that indicate the sentences are 

interrogative [32]. 

ካሳ  መቸ መጣ?  When did Kasa came? 

ካሳ  መጣ ወይ? Did Kasa come? 

ካሳ  መጣ? Did Kasa come? 

The first example shows that the interrogator does not know when Kasa is coming so will add 

the adverb when (መቸ). Such kinds of questions expect answers that indicate time such as 
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yesterday or today. In the second example, the interrogator knows that Kasa is coming but wants 

to be sure. In this sentence the last word ወይ indicates the sentence is interrogative and it can be 

used to be sure about something also it is always placed at the end of the interrogative sentence. 

The third sentence has no interrogative word the only thing that indicates it is a question is the 

question mark and the sound (tone) of the interrogator and the way of the sentence is read[30]. 

Questions might be raised about some action or condition, about the performer of an action, 

about the agent that performs the action or time and place, about the cause of the action or aim of 

the action, how the action is performed or techniques used to perform the action, and so on[30]. 

All of these types of questions might be within a single sentence. 

 

In every language, questions are constructed with the help of interrogative words and a question 

mark (?), which is placed at the end of the question. The question mark is kept at the end of the 

statement, indicating that the sentence is a question. The interrogative words in Amharic are 

placed near the end of the sentence most of the time. Most of those words are multipurpose 

where a single interrogative word is used for different types of question formations. There should 

be extra information to determine the question type besides the interrogative words such as 

question focuses or complex grammatical structure analysis of the sentence [8]. 

 

In English, the interrogative words (WH words) who, what, where, when, why, how … are used 

to construct a question. There are a number of interrogative words in Amharic that will help in 

constructing a question [8]. The well-known Amharic interrogative words are shown below: 

 

ማን , ሇማን , ማነ ው, እ ነ ማን , ማንማን , ማን ን , ማናማን , እ ነ ማን ን , የ ማን , ከማንኛው, 

ማንኛው, ማንኛይቱ, ማንኛዋ, ማንኛቸው, በማን , 

ተና ገ ር , ጥቀስ , ግሇፅ , ዘ ርዝር , ጥራ, 

የ ት, የ ቱ, በየ ት, የ ቷ, የ ቲቱ, የ ቶቹ, ወዳት, ከየ ትኛው, የ የ ት, የ ትኛው, የ ትኛዋ, የ ትኞቹ, 

ከየ ት, እስከየ ት, ወዯየ ት, የ የ ትኛው, በየ ትኞቹ 

ምን ,ምንዴን , የ ምን , ምን ህን , ምን ሽን , ምናችሁን , ምኔ , ምኑን , ስሇምን , እን ዯምን , ሇምን , 

በምን , እስከምን , ከምን , ወዯምን , ምን ጊዜ, ምን ያ ህሌ, 
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መቸ, በመቸ, እስከመቸ, ሇመቸ 

ስ ን ት, ስን ቱ, ከስን ት 

 

From the words listed above, some of them are used for list questions and others are used for 

factoid questions. 

There are different challenges in Amharic question answering. One of the main problems is that 

question particles (interrogative words) may not help in determining the question type. For 

example the question particle ማን  might indicate a person or an organization. So in such kinds of 

cases extra analysis is required to determine the question type, to know the expected answer 

types. Secondly, some proper names belong to more than one word categories, such as verb and 

noun (e.g. “በቀሇ ” might be a person name and at the same time it has a context of growing up) so 

that determining whether that word is the expected proper name or not is very difficult. This 

problem sometimes increases, as there is no proper name capitalization in Amharic.  
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Chapter 4 

4 Design of Amharic Question Answering 

4.1 Introduction 

As this research follows design science research methodology, it tries to create some artifact that 

define the ideas and products through which the analysis, design, implementation and use of the 

system being built can be effectively accomplished[33].Design science creates and evaluates 

artifacts that are intended to solve the identified problems. The result of a design science research 

is an artifact developed and implemented to address some problem. The design science process 

includes six steps: problem identification, definition of objectives for a solution,  design and 

development, demonstration, evaluation, and communication[34]. This research takes these steps 

listed above in to consideration. 

4.2 Problem Identification 

Problem identification is the first step in design science research. It is a process of identifying 

key areas and needs consideration while doing a research on some topic. To identify and 

understand the problem we are working on, we did an observation and a literature review on the 

topic. Relaying on the problems identified through observation, asking people some questions 

about the study and literature review we attempted to design a solution out of them. 

4.3 Definition of Objectives for a Solution 

After identifying the problems one is working to overcome, the objectives of the research should 

be well defined. Then knowing our objectives, we can design and implement the study we are 

working on. Therefore, after having the problems identified, the objectives of this study are 

defined well and keeping these objectives in mind, we continue to the design and development of 

the study. 

4.4 System Design and Development 

4.4.1 System Architecture 

For designing the architecture, the architecture in [14] is adopted and some of the components 

such as the POS tagger and the NER are included since these components are included in this 

study. This architecture can be used for both the factoid and list questions since the components 
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of both types of QA are the same. The differences are only in the extraction of answers where list 

QA uses pattern matching and co-occurrence.  

 

Figure 4-1: Architecture of Amharic question answering  
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4.4.2 Dataset Preparation 

Before getting to the design and development steps, we need to perform corpus preparation, 

which is the first thing in the architecture of the system.  The corpus used for this study is only 

concerned about Ethiopian history as the research focuses on a specific domain or closed domain 

question answering. We collected a 5000 sentence corpus from different Amharic history books, 

newspapers that have a history section, electronically available history books and from the web. 

 

4.4.3 Preprocessing  

After the data collection, preprocessing is the next thing that follows in order to make the corpus 

that we have on hand in the appropriate format and to make it easier for the machine to read. The 

preprocessing steps performed for this research include character normalization, short word 

expansion, tokenization, stop word removal at the passage retrieval phase and text cleaning. In 

addition, other tools such as POS tagger and NER are used before getting to the question 

answering components.  

 

Character Normalization: some Amharic alphabets use the same pronunciation with the same 

meaning but have different symbols and are used interchangeably most of the time[30]. Some of 

the characters such as አ  and ዏ , ሀ , ሏ and ኀ , ሰ  and ሠ, ጸ  and ፀ  are the Amharic alphabets that are 

used interchangeably in a single word for example the words አሇም and ዏሇም, ሰው and ሠው have 

the same meaning of world and human/ person respectively but the alphabets are used according 

to an individuals‟ interest. Therefore, we must normalize these characters to a specific form of 

alphabet in order to make the machine understand each meaning.  

 

For the normalization of those characters mentioned above, we used a python code that replaces 

the characters with the same meaning and come up with one representative. The figure below 

shows the python code we used for normalization. 
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Short word expansion is performed on those words that are written in short form for example 

school ት/ቤት is expanded to ትምህርት ቤት to make it easier for reading by the analysis component. 

In Amharic historical writings short words might appear frequently such as; ቤ/ክርስትያ ን  should 

be expanded to ቤተክርስትያ ን , ብ/ጀነ ራሌ to ብርጋዳር  ጀነ ራሌ, አ /ም to አመተ ምህረት. Therefore, to 

make the corpus available in a readable format short word expansion is performed manually. 

 

Sentence tokenization is also another preprocessing technique performed since we need a single 

sentence on a line for analysis purpose. Tokenization is done by using different sentence 

demarcations such as question mark and full stop. For our study we used the Amharic full stop 

(: :) to indicate a sentence end. Whenever the tokenizer gets an Amharic full stop it splits the 

other sentences into a newline. This process will help the retrieval process to get key words 
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easily. Word tokenization also might appear important to some tasks such as NER because a 

word-tokenized data is provided to the named entity tagger.  

 

As mentioned in the above paragraph, we used the Amharic full stop to split sentences. In the 

tokenization process a python code is used. The code takes a full text as an input and tokenizes it 

in a sentence level by looking for the sentence demarcation. In addition, word tokenization is 

also performed by using a white space. The figure below shows a python code we used for word 

tokenization. 
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Sentence cleaning is also important, as there are, some texts that need to be corrected in which 

there might be some spelling errors and other errors that should be corrected inside the data. 

Some indexes and symbols found in our corpus are removed. These and other preprocessing 

techniques and cleaning techniques were performed on the corpus to make it readable by the 

question answering components. 

 

Stop word removal: this is done to make the document retrieval processes easier[6]. In this 

process, words that make no meaning change on a text are removed. There are lists of Amharic 

stop words stored in the system. Before getting to the passage retrieval component, the input 

question is checked for a stop word in the list. Then the stop word is removed from the question 

for generation of a query. Words like ናቸው, ናት, ነ በሩ, ነ ው… are considered as stop words and 

removed from the query that is generated. 

 

POS tagging 

POS tagging is an NLP tool that used to identify the part of speech of words. Once a user enters 

a question, answer type identification can be done using the part of speech of each word then the 

candidate answers can be reduced and ranked according to their relevance. As this tool helps in 

identifying answers quickly, researchers should consider it before entering to the other 

components of a question answering system. In addition, POS tagger is important for Named 

Entity Recognition as it helps the named entity recognizer to identify words that are nouns and 

assign the appropriate tag to each nouns that are named-entities. 

 

The part of speech tagger developed for this study is a hidden Markov Model part of speech 

tagger using the tag sets noun, verb, adverb, adjective, preposition, pronoun, number, 

conjunction and punctuation[35][36]. In the process, the tagger adds these part of speech tags or 

other lexical class markers to each word in a text. Training data provided sentence-tokenized and 

manually tagged. It consists of a text in the word/TAG format with words separated by spaces 

and each sentence on a new line. The test data will be untagged development data provided 

tokenized with words separated by spaces and each sentence on a new line. Then the tagger adds 

the part of speech tags.  
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There are two programs in the POS tagger used for this research; One program learns a Hidden 

Markov Model from the training data and is invoked by using „python hmmlearn.py /path to 

input/file containing training data‟. The program will learn the model parameters to a file called 

„hmmmodel.txt‟ as it is indicated in appendix F. The other program which is, the tagging 

program is invoked by using „python hmmdecode.py /path to input/file containing test data‟. 

Then the program will read parameters of HMM from „hmmmodel.txt‟, tag each word in test 

data and write the results to an output file with the same format as the training data. The test data 

may contain words that the tagger never encountered in the training data, which will have an 

emission probability of zero for all tags. In addition, unseen transitions between two consecutive 

words have a probability of zero. 

 

POS tagging is not useful by itself but is accepted as the first step to understand a natural 

language[36]. Other tasks such as question answering and NER heavily depend on it. NER needs 

POS tagged corpus in order to find the nouns and the question type identification needs a POS 

tagged data to know the type of the question. 

 

Named Entity Recognition 

NER is a very important tool that is incorporated with a question answering system as it is found 

to be important to recognize names of different entities in the corpus in order to achieve a good 

performance. Many of the fact-based answers are entity names that can be detected and extracted 

using NER.  Making use of this tool makes the process of answer extraction way better and 

easier. The NER used in a QA system is developed as a stand-alone system designed 

independently of the QA task[37].Most QA systems gradually reduce contents that are not 

needed so, the NER is used to help in the reduction of unwanted strings that do not contain an 

answer. Development of an NER basically has two approaches Rule Based Approach and 

Statistical Approach. For this research, we used the statistical approach, which is based on 

training corpuses.  

 

The data used in order to build this tool is a POS tagged corpus in which the word and tag are 

separated by a space (word TAG format) and tokenized at word level. Then the data used for 
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training will be prepared by replacing the nouns, which are named-entities by the appropriate tag. 

Since the NER is an HMM based there are some parameters used to model what the algorithm 

has learned. The parameters taken from the training file are the word and its POS frequency, 

POS and its frequency, the probability of POS transferring to the other POS and also the word 

and its probability of being the head of sentence as a POS. Then the named entity tagger will 

take the training data and the unseen test data, by checking for „NN‟ (noun) in the test data and 

assigns the tags to the proper nouns using the parameters that are learned from the training data.  

 

For tagging named entities that are composed of more than one words used begginig and inner 

entities in the training corpus. For example, the entity: “ዲግማዊ ምኒ ሌክ  ሆስፒታሌ” is tagged as 

“ዲግማዊ/B-ORG ምኒ ሌክ /I-ORG ሆስፒታሌ/I-ORG” to represent a hospital and “ዲግማዊ አጼ ምኒ ሌክ” 

is tagged as “ዲግማዊ/B-PER አጼ/I-PER ምኒ ሌክ /I-PER” to represent Emperior Minilik. 

 

Since question-answering systems gradually reduce the amount of data considered after 

receiving a question, it first selects relevant documents and filters out irrelevant pieces of text of 

these documents gradually until answer is found. So NER is used as an aid to filter out unwanted 

strings or strings that do not contain the answer. 

As mentioned above we use NER to filter out candidate answers and it will remove only the 

wrong answers or part of the corpus that does not have much importance. Therefore, in this case 

recall will be preferred more than precision[37]. 

 

For this research we used an HMM based NER tool which recognizes the entities; person (PER), 

organization (ORG), date (DATE), time (TIME), location (LOC) and entity (ENTY) to represent 

other entities such as river, books and God which appeared in our corpus. The training data is 

annotated corpora with the entities listed above and is given to the training program and a test 

data of unseen POS tagged data that will be tagged using the program.  

 

4.4.4 Question Processing 

Different users ask questions in different ways. The ways might depend on the person asking. 

Before preceding to answer the questions, there must be some analysis in order to understand 

what the question is looking for. Therefore, this is why we need to perform question processing 
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in order to understand the question before going to the other steps of question answering. The 

question processing contains question analysis, classification, question type identification and 

query generation as its components. 

4.4.4.1 Question Analysis 

According to the architecture of a question answering system, the first component is question 

analysis and classification, which is a sub component of question processing. Question analysis   

identifies the type of question from the accepted questions and type of answer that is retrieved 

finally. Question type identification is performed using the Amharic factoid questions (ማን , ምን , 

ስ ን ት, የ ት, መቼ, etc...) and list questions (ጥቀስ , ዘ ርዝር , የ ትኞቹ) as they are the question words used 

throughout the question answering process. For example, a question that contains the word 

where/የ ት is identified as a location question. This step also helps for the answer type 

identification by looking at the pattern of the sentence in the corpus. 

4.4.4.2 Question Classification 

Question classification is one of the sub components of question processing and is very 

important to identify the type of questions in order to know the type of answer expected. 

Question classification is performed using the SVM and HMM classifier. For training the 

classifier six classification models were generated (person/PER, location/LOC, 

organization/ORG, time/TIME, quantity/NUM, entity/ENTY, date/DATE, list/LIST) are 

developed and stored for use in testing the classifier. 

 

One of the algorithms used in classification is, support vector machine (SVM). To apply this 

algorithm set of training examples containing feature vectors of candidate answers should be 

prepared. For the classification purpose n number of labeled questions containing the five classes 

of factoid questions (person, time, place, date, quantity and organization) and the list questions 

are given to the program that separates out the label or class and the question separately. Then 

the questions are put in the classes they belong (such as PER, LOC, ORG etc…) in separate files 

then the other program extracts word features, POS features and NER features and after that the 

classifier checks for POS tag and NER of the words in the training questions and use them to 

classify the unseen test questions using the SVM classifier.  
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The other classifier used in addition to the SVM classifier is an HMM classifier. The classifier is 

trained using questions labeled with the factoid questions we used and the list questions with the 

question words mentioned in the above section. The training program builds a model which will 

be used to classify the unseen data. Then 20% of the question we prepared is used for testing the 

classification. Some of the contextual meanings of the questions appear different from the 

question words in Amharic for example “የ ውጫላ ውሌ የ ተፈረመው  በማን  እና  በማን  መካከሌ ነ በር ?” is 

asking the countries that signed the Wuchale treaty but the question type is classified as 

PERSON. Such cases could result the wrong answer to the question. 

Classification of list questions is handled by checking a question if it is of a list type or not. The 

classifier is trained for list type questions with the question words ጥቀስ , ዘ ርዝር , የ ትኞቹ, ማን  ማን  

and የ ት የ ት then it will identify the type of question as a list question when it encounters these 

question words. 

4.4.4.3 Query Generation 

Once question types, question focuses and expected answer types are determined, the next stage 

of question processing is to generate the proper query that will help in retrieving relevant 

documents. The query generated, which is based on the question types and the expected answer 

types, will be passed to the document retrieval component. This stage incorporates stop word 

removal and character normalization to make the retrieval process easier. If character 

normalization is not considered at query generation step it reduces recall as there would be 

unmatched documents with the query[9]. In addition, short word expansion and removal of 

interrogative words are important. For example, if the question is “የ አጼ ምኒ ሉክ  ሌጅ ማን  ማን  

ናቸው?”  Then the generated query will be “የ አጼ ምኒሉክ  ሌጅ”. Then the retrieval component 

further uses the queries generated for extraction of answer bearing sentences from a text file. 

 

4.4.5 Document Retrieval 

Document retrieval component return list of ranked documents, which are relevant to the asked 

question, from the corpus and passage. The first step in this phase is document-based retrieval. 

This avoids the amount of texts that should be handled sequentially. Only the best n documents 

are used for retrieval. Next is the sentence selection step, which retrieves the relevant sentences. 



 
 

46 
 

Since document based retrieval do not always return the target candidates, the retrieval technique 

used for this study is more of sentence-based retrieval. 

 

 From the relevant documents found by the first phase, all sentences are ranked against the 

question by using tfidf. Only the most relevant sentences that is the most similar sentence to the 

query is returned according to their score. After having the relevant sentences, the system 

searches for the exact answers. Some of the sentence selection methods, while computing the 

distance, already find some possible answers. The remaining sentences after the sentence 

selection are checked for named entities and possible answers are found using these named 

entities then, answer selection will be performed[37]. For the answer selection, question is 

analyzed to determine the type of answer expected then the best answer with the highest score 

and matching answer type will be returned. 

 

4.4.6 Answer Selection 

After getting the most relevant sentences, we perform answer selection by using key words 

selected from the question. Since the type of question and type of the expected answer is already 

identified, answer selection component selects the appropriate answer by matching the key 

words with named entity tagged corpus. As mentioned in the above sections NER is important in 

question answering because it reduces the number of relevant sentences and words and limits the 

answer to the question focus. So answer is selected from a sentence if there is a good match with 

a query term and a sentence after the most relevant sentences are selected. 

 

As mentioned in the architecture section, the system architecture of QA for factoid and list 

questions is the same. However, list questions differ in answer extraction techniques. To select 

answers for list questions, candidate extraction is performed by using pattern matching where, 

answers are identified depending on the similarity between the patterns of key words in the 

question and inside the retrieved sentence. After candidate answers are selected from the 

passages retrieved, the system filters the answer by co-occurrence extraction and candidate 

selection based on co-occurrence of answers and answer type. Then answer with the highest 

priority will be presented to the user. 
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4.5 Approaches Tools and Techniques 

As we have reviewed in the chapter two of this study there are different types of QA, approaches 

and algorithms used in the system, tools and techniques. In this section, we discuss the different 

techniques we use to deploy our system. 

4.5.1 Approaches 

The approach selected to this particular research is a machine learning approach as it can 

automatically construct a question classification program with a high performance that can be 

used for more features of questions. For some tasks such as identifying the question type, 

machine-learning classification can be taken as classical classification tasks that can be solved by 

SVM and other algorithms. Machine learning approach is used in a question answering because 

it is more flexible in classifying questions and is easily maintainable[21]. From the possible 

classifier algorithms, we reviewed and used SVM and HMM for this particular research. 

 

HMM has 3 parameters: Start Probability, Transition Probability and Emission Probability[39]. 

Start Probability means the probability that the type that is labled as a tag exists first in a 

sentence. Transition Probability means the ratio of probability of transition from given tag to the 

next tag and the Probability of occurrence of a given tag. Emission Probability is the ratio of 

probability of occurrence of particular word with tag t and the Probability of occurrence of a tag 

t[39]. 

 

SVM: the basic idea of SVM is to maximize the margin between positive (correct answers) and 

negative (incorrect answers) and mostly used in question answering for the purpose of answer 

selection. To apply this algorithm set of training examples containing feature vectors of 

candidate answers containing the key words, question type, question focus, question words, 

named-entities are prepared. 

4.5.2 Tools 

Some of the tools considered for this research are POS tagger and NER explained in the design 

section. These tools are very important for answer extraction in QA. Python programming 

language used for the preprocessing and other tasks such as for developing the POS tagger and 

NER, for the question classification, passage retrieval and answer selection tasks. 
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4.6 Evaluation 

Automatic evaluation of a question answering can be done using the standard evaluation 

techniques such as precision, recall and F-measure. Precision measures the accuracy of an 

answer, recall measures the exhaustivity[26], and F-measure is the harmonic mean of Precision 

and Recall.  

 

Evaluation of this study is mostly for accuracy or correctness of answers. Precision is calculated 

as the number of correctly answered questions over the total list of answers (correct, incorrect 

and no answer). The recall is also calculated as number of correctly answered questions among 

the list of expected answer sets where documents are first checked for the presence of correct 

answers[6]. Percentage computation is done for correct answers, wrong answers, and No answers 

over the total answers which is the main evaluation criteria for many QA systems[6].  
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Chapter 5 

5 Experiment and Evaluation 

5.1 Experimental Setup 

To make the experiment running we collected around 5000 sentences from different sources that 

cover Ethiopian history. Then, as shown in appendix A we prepared around 118 questions that 

comprises both factoid and list questions for testing the question answering. Out of the whole 

questions, 21 are list questions and the rest are factoid questions. After the question preparation 

the first task was question classification using two algorithms; one is done using the SVM 

classifier and the other is using the HMM classifier. Then passage retrieval was performed using 

tfidf to return the relevant sentecnes. The third task was answer extraction from the top ranked 

sentence using NER. Then evaluation was done after both of the classifications.  

 

We have used Ubuntu 16.04 as an operating system for development and testing. The hardware 

component comprises of Intel core i7 CPU of 2.5 GHz, 8 GB memory, and 1TB hard disk. 

 

The Python programming language (python 2.7 and 3) is used for developing the tools used in 

this study such as the POS tagger and the named entity recognizer. In addition, the question 

classification, passage retrieval and answer extraction components are implemented using 

python. 

5.2 Evaluation of POS and NER 

As explained in the previous chapter an HMM POS tagger is developed to be used by the NER 

and the question classification component. We trained the POS tagger with a sentence tokenized 

and manually tagged training corpus and tested with a sentence-tokenized unseen test corpus, 

which is 20% (1000 sentences) of the prepared corpus. Then the performance of the tagger is 

evaluated automatically using accuracy and we come up with a 76% accuracy. The researcher 

believes that the performance is reduced because it needs a large sized data for training. In 

addition, the quality and type of the data also has an impact on the performance of the tagger. 

Since the corpus is on Ethiopian history, there are different nouns referring different entities and 

years representing events that occurred in the history of Ethiopia included inside it. After getting 
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such a result, we have corrected some of the sentences manually in order not to affect the next 

step (the NER).  

The other tool used after the POS tagger was the NER as it is the most important tool in answer 

extraction. A POS tagged and word-tokenized data is given for training and a POS tagged unseen 

data was used for testing purpose. The NE tagger was trained using around 43,747 tokens and 

11,500 tokens were used for testing. Then we got a precision rate of 72%. The quality of the 

corpus we used has an effect on the result; for example, an automobile was written as “አውቶ ቢሌ” 

and the NE tagger could not tag it with the appropriate class of named entities. The performance 

of the POS tagger and the type of data for example: a name of a church that is tagged as an 

organization, might also be a name of a place or a town that is tagged as a location affected the 

precision rate of the NER. Since the corpus is a historical document there are different names of 

people, places and organizations that are not encountered in the training data and the NE tagger 

might just tag them as a noun or give them a wrong tag. 

5.3 Answer Judgment  

Evaluation of a question answering systems focuses on accuracy of answers returned. And 

accuracy might be of different types as explained in [6]. Some of the question answering systems 

might expect a full sentence as an answer. Other systems require exact answers with one word or 

two. For example, for the question “የ መጀመሪያውን  ስሌክ  ወዯ  ኢትዮጵያ  ያ ስ ገ ባው ማን  ነ ው?” the 

answer is retrieved as “ራስ  መኮን ን ”. The full statement of the answer is “የ መጀመሪያውን  ስሌክ ወዯ 

ኢትዮጵያ  ያ ስ ገ ቡት ራስ  መኮን ን  ናቸው” but in our case, as mentioned above the returned answer is 

just an exact answer.  

Evaluation could also contain how much of the questions are answered correctly, wrongly and 

how much of it has retrieved no answer. Some of the answers are retrieved as their similarity 

with the question type and named-entity with the asked question and end up being wrong. Some 

questions might not return any answer because of the corpus or the answer extraction.  

The experiment in this study focuses on correctness and exactness by computing recall and 

precision. The actual performance of this system is evaluated by the number of correctly 

answered questions from the corpus. The first evaluation is done on the question classification 

phase as the more correctly classified the questions the more answer type can be identified easily 
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and the more correct answer is selected out of the prepared corpus. Then the document retrieval 

and answer selection phases are sequentially evaluated. 

5.4 Evaluation of Question Classification 

As mentioned in the previous section of this study, the evaluation of question classification is 

very important as it determines the type of the expected answer and the extracted final answer.  If 

questions are classified wrongly, the retrieved answer will also be wrong. 

The question classification with SVM classifier follows different steps. First, it separates out the 

types of the questions in to their classes, then it checks for POS tag and NER of the words in the 

training questions and use them to classify the unseen test questions using the SVM classifier. 

Number of total questions used in the classification is 118 where we used 95 of the questions for 

training and the rest 23 for testing. Given the training data, the SVM question classifier classified 

88% of the questions correctly using automatic evaluation technique. 

 

The HMM based question classifier is trained with 95 questions labeled with the types of 

questions (ማን , ምን , ስን ት, የ ት, መቼ and list questions such as ምን  ምን , ጥቀስ , ዘ ርዝር ). Then the 

classifier takes the training data and checks the probability of the type of question words labeled 

according to the previous and next word then it will give the given label to the unseen test 

questions. Then the classifier classified 80% of the questions correctly. We evaluated the 

accuracy of the classifier using automatic evaluation technique. 

 

Types of 

questions 

 

ማን  

 

ምን  

 

ስ ን ት 

 

መቼ 

 

የ ት 

 

List 

questions 

Distribution 38 6 10 19 24 21 

 

Table 5-1Distribution of types of questions used in the experiment  
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Classifier Correctly classified Wrongly classified 

SVM 88% 12% 

HMM 80% 20% 

 

Table 5-2 Performance of Question classification using SVM and HMM. 

5.5 Evaluation of the document retrieval 

As the documents we used for this experiment are sentence tokenized the retrieval process is 

based on sentence level. Moreover, we run the question answering by selecting the type of 

document, so there is no need of retrieval at a file level. 

The document retrieval phase of question answering is also evaluated in terms of the relevant 

sentences that are ranked on the top. In the document retrieval process, the most relevant 

sentences are selected and the answer is further selected form the top sentence using NER. 

 

Evaluation at a document retrieval level is important to check if the top ranked sentences or files 

contain candidate answers so in the case of this study 82 of the top ranked sentences contain the 

correct answers for the given questions and 36 of them do not contain correct answers. The 

remaining three correct answers were retrieved from sentences that contain the answers but 

according to the questions asked, the relevance of the top ranked sentences was not that 

important. 

5.6 Evaluation of answer selection 

To return an answer for a factoid question searching for a match in the NE tagged corpus will be 

performed using the key word in the input question. For list questions, the search will be for the 

co-occurrence of answer type with a candidate answer. If a match is found answer is extracted 

from the top relevant sentences using a named entity recognizer, then the correct answer will be 

displayed. Otherwise, nothing is returned. Sometimes a related sentence that could hold a key 

word is retrieved as an answer. 

 

This evaluation considers the correctness or accuracy of the final answer. We perform answer 

selection based on the NER we have developed. The NER helps in getting the correct answer 

type by looking at the named entities and it really affects the recall of the system. After this 
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selection, answer was extracted and 85 out of 118 questions were answered correctly with in a 

response time of 2 seconds. Then we calculated the precision and recall rate manually and 

automatically.  

Correctly 

Answered 

Wrongly 

Answered 

No Answer Precision  Recall  F- Score  

85 questions 28 questions  5 questions  75% 72% 73% 

 

Table 5-3 Evaluation of answer selection after question classification using SVM  

The type of answer predicted using the SVM classifier helped the answer extraction well in order 

to identify correct answers. As the two tables indicate the answer extraction component 

performed well after the SVM classification than after the HMM classification. The HMM 

classifier adds the type of the questions to the question words by looking at the previous and next 

words. When it encounters different words around the question word, it behaves differently. The 

researcher believes that the performance is lower because of this reason.  

Correctly 

Answered  

Wrongly 

Answered  

No  

Answer 

Precision 

 

Recall 

 

F-Score 

75 questions 30 questions 13 questions 71% 63% 65% 

 

Table 5-4 Evaluation of answer selection after question classification using HMM  
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Figure 5-1 screen shot of correct answers 

The above figures show how the system returns answers to the asked questions. Both figures are 

samples of the correctly answered questions. The system accepts a file containing the question 

then prints the question type and then prints the answer.  

Answer extraction component could be affected by the type of the question for example the 

question “የ ውጫላ ውሌ የ ተፈረመው በማን  እና  በማን  መካከሌ ነ በር?” is asking for the countries that 

signed the Wuchale treaty but the machine understands that the question is of a PERSON type. It 

could also be affected by the retrieval component. If the retrieval component returns the wrong 

sentence, the answer that will be returned is also the wrong one. 

5.7 Findings 

The overall performance of the system is affected at every stage or components. The accuracy of 

the POS tagger is 76%. The rest (24%) of the corpus was not correctly tagged because the 

training corpus was small and because of the quality of the corpus. This reasons resulted the 

performance of the tagger to be low. Then this performance influences the NER in finding names 

and tagging them appropriately, as the wrongly tagged parts of the corpus has some effect on the 

NER. In addition, question classification is influenced as it uses POS and NER to determine the 

type of the questions. 

 

The performance of the NER is the result of the POS tagged training data, which affects the 

answer selection and extraction component in such a way that if a place is tagged as an 

organization the answer extraction might return a wrong, or no answer. In addition, some names 

are not written correctly and the NER could not find and tag them. The NER also has an effect 

on question classification as SVM uses both POS and NER for classification. The performance 

of question classification affects the question answering by not returning the right type of 
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question. If a question word is of person type and if it is classified as location, the question 

answering cannot return any answer or will return a wrong answer. The performance of passage 

retrieval affects the question answering by not ranking the relevant sentences at the top. This 

could happen when the retrieval component finds the wrong sentences to be the top ranked. If the 

top ranked sentence does not contain the candidate answer, the performance of answer selection 

would also be influenced. As a whole the final performance or accuracy of the system is a result 

of all of the components mentioned above. 
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Chapter 6 

6 Conclusion and Recommendation  

6.1 Conclusion 

In this study, we attempted to design a multi-type QA for Amharic by integrating factoid and list 

questions. Both types follow the same architecture but have different answer extraction 

techniques. After identifying the question types, we have extracted answers using co-occurrence 

of answer types with answers in the corpus to return answer for list questions and a key word 

matching technique for answering factoid questions. Using two algorithms for classification, we 

have identified types of input questions. Doing this, SVM classifier returned a better result in 

classification and answer extraction than an HMM classifier. The development of POS tagger 

and NER also helps the QA in many ways as NER assists in getting the exact answer for the 

proposed question. Therefore, we have realized that using NER helps gain a better performance 

from previous works which attained an F-score of 72% [6] and 65% [8] and get exact answers 

easily.  

 

The performance of the QA system is affected by the different components as mentioned in the 

experiment section. In addition, the type, quality and size of corpus used in the process 

influences the performance of the tools mentioned above. From the experiment we did, we 

realized that if the size of the corpus is increased the performance of POS tagger and NER will 

also increase. Then the performance of answer extraction also increases. Finally, we conclude 

that having a machine learning based question classification and using the appropriate NLP tools, 

we can get a better performing QA for Amharic. 
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6.2 Recommendation 

After the results shown from the experiments the researcher believes that there are some 

improvements that can be done for future works. 

 Having a quality corpus is a very important thing in designing NLP systems. Whenever 

the size of the corpus increases the performance of the POS tagger and NER will also 

increase. Therefore, researchers should prepare a corpus larger in size and in the domain 

of their research with a good quality. 

 Amharic WordNet should be applied as it contains word synonym hyponym and antonym 

and this can increase the recall of a question answering. In addition, it assists in retrieval 

of sentences containing candidate answers. If we have a WordNet a query expansion 

technique can also be applied. 

 Question classification and answer type identification can be performed using other 

machine learning algorithms and deep learning. 

 Researches done on closed domain question answering should also be applied on open 

domain QA system and researchers should come up with an extended research work. 

More over researchers should also integrate factoid and the other non-factoid question 

and come up with a full-fledged QA. 
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8 Appendices  

A. Questions Prepared for Testing 

1. ብጹእ  አቡነ  ጴጥሮስ  የ ቀረበባቸው ወንጀሌ ምን  ምን  ነ በር?  

2. በሊ ስታና  ዋግ  ከዴን ጋይ ፍሌፍሌ  አቢያተ ክርስትያ ናት የ ት ናቸው?  

3. ሙለ የ ገ ዲ  ኡዯት ስ ን ት ኣመታት ይፈጃሌ?  

4. የ መጨረሻው የ ካፋ ን ጉስ  ማን  ናቸው?  

5. የ አ ባቶች ገ ዲ  መዯቦች ጥቀስ ? 

6. የ አ ገ ው ህዝቦች አካሊት ተብሇው የ ሚጠቀሱት ዘ ርዝር?  

7. ቅደስ  ሊሉበሊ  ዙፋን  ሊይ መቼ ወጣ? 

8. የ ሊሉበሊ  የ ዘውዴ ስም ማን  ይባሊሌ? 

9. የ ዛ ጉዌ ስርወ መንግስት የ መጀመሪያው ን ጉስ  ማን  ነ ው? 

10. በጎ ን ዯር  የ ሚኖሩ የ አ ገ ው ህዝቦች ማን  ይባሊለ? 

11. በ ገ ዲ  ስርኣ ት ውስጥ በአባትና  በሌጅ መካከሌ  ስ ን ት ኣመት ሌዩ ነ ት ይኖራሌ? 

12. ቅደስ  ሊሉበሊ  መቼ ተወሇዯ? 

13. አጼ ዮሀን ስ  በማን  እጅ ተቀብተው ነ ገ ሱ?  

14. በአዱስ  አበባ  ሇመጀመሪያ  ጊዜ አውቶሞቢሌ የ ገ ባችው  መቼ ነ ው?  

15. በኢትዮጵያ  ሇመጀመሪያ  ጊዜ ባን ክ  የ ተቋቋመው  መቼ ነ ው? 

16. ሆስፒታሌ ስራ የ ተጀመረው መቼ ነ ው? 

17. ኢትዮጵያ  የ ኣ ሇም  ፖስታ ዴርጅት አባሌ የ ሆነ ችው  መቼ ነ ው?  

18. የ ስሌክ  መነ ጋገ ሪያ  መሳሪያ  ወዯ  ኢትዮጲያ  ያ ስ ገ ባው ማን  ነ ው? 

19. የ መጀመሪያው  ባቡር  አዱስ  አበባ  መቼ ገ ባ?  

20. በኢትዮጵያ  ውስጥ ዘመናዊ የ ትምህርት ዘ ር  የ ዘ ሩ ን ጉስ  ማን  ናቸው?  

21. ጣሌያን ን  በድጋሉ ጦርነ ት ያ ሸ ነ ፈው አርበኛ  ማን  ነ ው? 

22. የ አዴዋ ጦርነ ት መቼ ተካሄዯ? 

23. የ ውጫላ ውሌ የ ተፈረመው በማን  እና  በማን  ነ በር? 

24. ከአዴዋ እስከ  ማይጨው የ ተዯረጉት አበይት ጦርነ ቶች ምን  ምን  ናቸው? 

25. ከአዴዋ እስከ  ማይጨው የ ተዯረጉት አበይት ጦርነ ቶች ስ ን ት ናቸው? 

26. በኢጣሌያ ና  በኢትዮጵያ  ጦር  መካከሌ የ መጀመሪያው ውጊያ  የ ት ነ በር?  

27. በአዴዋ ዘመቻ የ ኢትዮጲያ  የ ጦር  አበጋዞ ች ማን  ማን  ነ በሩ?  

28. ን ጉስ  ሚካኤሌ የ የ ት ባሊባት ነ በሩ? 

29. አባ  ጂፋር  የ የ ት ባሊባት ናቸው? 

30. የ ዲግማዊ አጼ ምኒ ሌክ  ሌጆች  ዘ ርዝር?  

31. ዲግማዊ አጼ ምኒ ሌክ  የ ተቀበሩት የ ት ነ ው?  

32. አጼ በካፋ የ ነ ገ ሱት ከመቼ እስከ  መቼ ነ በር? 

33. በአጼ ፋሲሌ ከተመሰረቱት አብያተ ክርስቲያ ናት ታዋቂወቹ  ዘ ርዝር?  

34. ጎ ን ዯር  የ ኢትዮጲያ  ዋና  ከተማ የ ሆነ ችው መቼ ነ በር?  

35. አጼ ፋሲሌ መቼ ነ ገ ሱ?  

36. አጼ ፋሲሌ የ ተቀበሩት  የ ት ነ ው? 

37. አጼ በካፋ የ ተቀበረው የ ት ነ ው?  
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38. የ አጼ በካፋ የ ማን  ሌጅ ነ ው?  

39. የ አጼ በካፋ ሚስት ማን  ትባሊሇች?  

40. የ ጎ ን ዯር  ከተማን  የ መጨረሻ  ግን ቦች ያ ሰሩት ማን  ማን  ናቸው?  

41. አጼ በካፋ የ ማን  ወንዴም ነ በር? 

42. በካፋ ህጻን ነ ቱን  ያ ሳ ሇፈው የ ት ነ በር?  

43. የ ን ግስት ምንትዋብ ስም ማን  ነ በር? 

44. የ አጼ እያሱ ተከታይ ማን  ነ ው? 

45. የ ዲግማዊ አጼ ኢያሱ  እናት ማን  ትባሊሇች?  

46. ዲግማዊ አጼ ኢያሱ ስሌጣን  ሊይ የ ወጣው በስን ት አመቱ ነ ው? 

47. የ ዲግማዊ አጼ ኢያሱ የ ዙፋን  ስም  ማን  ይባሊሌ? 

48. አጼ እያሱ የ ነ ገ ሰው በምን  ስርወ-መንግስት ነ ው? 

49. የ ዘመነ  መሳፍን ት ማብቂያ  የ ሆነ  ጦርነ ት  ምን   ነ በረ?  

50. አጼ ቴዎዴሮስ  የ ሞቱት የ ት ነ ው? 

51. አጼ ቴዎዴሮስ  ራስ  አሉን  የ ት አሸ ነ ፈው? 

52. ቴዎዴሮስ  ን ጉስ  ተብል በማን  ተቀባ ? 

53. የ አጼ ቴዎዴሮስ  ሌጆች ማን  ማን  ናቸው?  

54. የ አጼ ቴዎዴሮስ  ስርአተ ን ግስ  የ ተከናወነ ው የ ት ቤተክርስቲያ ን  ነ ው? 

55. በ1848 አ .ም የ ነ በረው የ ቴዎዴሮስ  ግዛ ት የ ት የ ት ያጠቃሌሌ ነ በር?  

56. የ ዯጅ አዝማች ውቤ ዋና  ከተማ የ ት ነ በረ? 

57. የ ዘመነ  መሳፍን ት የ መጨረሻ  ባሊ ባት ማን  ነ ው?  

58. የ አጼ ቴዎዴሮስ  ወታዯራዊ ስማቸው ማን  ይባሊሌ?  

59. የ አጼ ቴዎዴሮስ  የ ፈረስ  ስማቸው ማን  ይባሊሌ?  

60. ራስ  ተፈሪ  መኮን ን ን  ዘውዴ የ ጫኑት ምን  ቤተክርስትያ ን  ነ ው? 

61. መኳን ን ትና  ህዝብ መክሮና  ዘ ክሮ በምርጫ በኢትዮጵያ  ዙፋን  ሊይ የ ተቀመጡ ብቸኛዋ ን ግስት ማን  ናቸው? 

62. ኢትዮጵያ  የ ኣ ሇም መንግስታት ማህበር  አባሌ የ ሆነ ችው መቼ ነ ው?  

63. ከእን ግሉዝ አ ገ ር  የ መጣው የ አጼ ቴዎዴሮስ  ዘውዴ መቼ ተመሇሰ ? 

64. በሰሇሞን  ስርወ-መንግስት ውስጥ የ ነ በሩ  ነ ገ ስታት ጥቀስ ?  

65. ሇመጀመሪያ  ጊዜ በምኒ ሌክ  መሌክ  ታትመው የ ወጡትን  ገ ን ዘ ቦች ዘ ርዝር? 

66. ጀነ ራሌ ግራዚያ ኒ  ሊይ ቦምብ የ ጣለት እ ነ ማን  ናቸው?  

67. የ መጀመሪያዋ የ ኢትዮጵያ  የ ጦር  መርከብ ምን  ትባሊሇች?  

68. ቀሪን  ገ ረመው የ ሚሇው መጽሃፍ የ ማን  ነ ው?  

69. ራስ  አበበ  የ ተወሇደት የ ት ነ ው?  

70. ቅደስ  ያ ሬዴ  የ ት ተወሇዯ? 

71. ብራና  ከምን  ከምን  ሉዘ ጋጅ ይችሊሌ?   

72. ኢጣሉያ  ኢትዮጵያ ን  በዴጋሚ የ ወረረችው መቼ ነ ው?  

73. በአምስቱ አመት የ ኢትዮጵያ  የ ነ ጻ ነ ት ትግሌ ውስጥ የ ሚጠራ ታሊቅ  አርበኛ  ማን  ነ ው?  

74. አጼ ካላብ የ ማን  ሌጅ ነ ው?   

75. ከኢትዮጵያ  ውጪ ውጊያ  ያ ካሄዯ  የ መጀመሪያው ን ጉስ  ማን  ነ ው?   

76. ብጹእ  አቡነ  ጴጥሮስ  የ ቀረበባቸው ወንጀሌ ምን  ምን  ነ በር?  
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77. አቡነ  ጴጥሮስ  ን ጉሰ ነ ገ ስቱን  የ ዘመቱት የ ት ነ ው?  

78. እቴጌ  መነ ን  ከቀዲማዊ ሃ ይሇስሊሴ ያ ፈሯቸውን  ሌጆች ጥቀስ ?  

79. አብዱሳ  አጋ  የ ኢትዮጵያ ን  ጦር  የ ተቀሊቀሇው በስን ት አመቱ ነ ው? 

80. ዋና  ዋናዎቹ የ ብራና  ጽሄፎች በኢትዮጵያ  ውስጥ የ ሚገ ኙት የ ት ቤተክርስትያ ን  ነ ው? 

81. እቴጌ  መነ ን  የ ት ቤተክርስትያ ን ን  አሰሩ ? 

82. እቴጌ  መነ ን  ዘውዴ የ ጫኑት መቼ ነ ው? 

83. አጼ ሃ ይሇስሊሴ ከስሌጣን  የ ወረደት መቼ ነ ው? 

84. አዱስ  አበባ  መቼ ተቆረቆረች?  

85. ን ግስተ ሳ ባ   መቼ  ነ ገ ሰች?  

86. ወታዯራዊ አስተዲዯር  ዯርግ  የ ተመሰረተው መቼ ነ ው?  

87. የ ኢትዮጵያ  አ የ ር  መን ገ ዴ ዴርጅት መቼ  ተመሰረተ?  

88. ድክተር  ነ ጋሶ  ጊዲዲ   ኢትዮጵያ ን  በፕሬዘ ዲን ትነ ት የ መሩት መቼ ነ ው?  

89. የ መጀመርያው የ ህዝብ ሲኒማ ቤት በአዱስ  አበባ  የ ተከፈተው መቼ ነ ው? 

90. ሼህ  ሆጀላ የ የ ት አካባቢ ገ ዥ ነ በሩ?  

91. ሌእሌት ዘ ነ በወርቅ  ሇቀዲማዊ ሃ ይሇስሊሴ ስን ተኛ  ሌጅ ናቸው? 

92. የ አጺ ፋሲሌ ግቢ ን ጉሰ  ነ ገ ስቱ የ ሚገ ቡበት በር   ምን  ይባሊሌ?  

93. ብጹእ  ወቅደስ  አቡነ  ቴዎፍልስ  ስ ን ተኛው ፓትርያ ርክ  ናቸው? 

94. ከን ጉስ  ሰሇሞን  ሇን ግስት ማክዲ  የ ተበረከተሊቸው ቦታዎች የ ት ናቸው?  

95. ን ግስተ ሳ ባ  ኢትዮጵያ ን  ሇስን ት አመት ስታስተዲዴር  ቆየ ች? 

96. ሰባራ ዴሌዴይ በማን  ጊዜ ነ ው የ ተሰራው?   

97. በዲግማዊ ምኒ ሌክ  የ ተሾሙት ሚንስትሮች ማን  ማን  ናቸው?  

98. በአዱስ  አበባ  ከተማ የ መጀመርያው የ መዴሃ ኒ ት መሸጫ መቼ ተከፈተ? 

99. አባ  መሊ  በሚሌ ስም የ ሚጠሩት የ ጦር  መሪ  ማን  ናቸው?  

100. አጼ ገ ሊውዳዎስ  የ ማን  ሌጅ ናቸው? 

101. ቀዲማዊ ሃ ይሇ  ስሊሴ ስ ን ተኛ  ን ጉስ  ናቸው?  

102. ግራኝ  አህመዴ የ ተገ ዯሇው የ ት ነ ው?  

103. አጼ ገ ሊውዱወስን  የ ገ ዯሇው ማን  ነ ው? 

104. ግራኝ  አህመዴ ተብል የ ሚታወቀው የ ጦር  መሪ  ሙለ ስሙ ማን  ነ ው?  

105. ባቲ ዴሌ ወምበሬ የ ማን  ሚስት ነ በረች? 

106. ግራኝ  አህመዴ የ ሌብነ ዴን ግሌን  ሰራዊት ያ ሸነ ፈው የ ት ነ ው? 

107. ግራኝ  አህመዴ የ ተገ ዯሇው በምን  ጦርነ ት ነ ው? 

108. አጼ ዘ ርአ  ያ እቆብ ስን ተኛ  ን ጉስ  ነ በሩ?  

109. የ አጼ ዘ ርአ  ያ እቆብ የ ዘውዴ ስም ማን  ይባሊሌ? 

110. አጼ ዘ ርአ -ያ እቆብ የ ተወሇደት የ ት ነ ው?  

111. የ አጼ ዘ ርአ  ያ እቆብ እናታቸው ማን  ናቸው?  

112. የ አጼ ዘ ርአ  ያ እቆብ ተከታይ ማን  ነ ው? 

113. አጼ ዘ ርአ -ያ እቆብ ያ ረፉት የ ት ነ ው? 

114. አጼ ዘ ርአ  ያ እቆብ በግዞ ት የ ኖሩት የ ት ቦታ ነ ው? 

115. አጼ ዘ ርአ  ያ እቆብ የ ዯረሳቸው መጻህፍት ጥቀስ ? 
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116. ዯብረ  ብርሃ ን  የ ኢትዮጵያ  ዋና  ከተማ የ ነ በረችው በማን  ጊዜ ነ ው? 

117. አጼ ዘ ርአ  ያ እቆብ ማን ን  አ ገ ቡ? 

118. መባኣ  ጽዮን  የ ተሰኘው የ ጥን ቱ የ ኢትዮጵያ  ኦ ርቶድክስ  ተዋህድ ጻዱቅ  የ ኖረው በማን  ጊዜ ነ ው? 
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B. Sample Sentences Retrieved by the Sentence Retrieval 
1. መባኣ  ጽዮን  የ ተሰኘው የ ጥን ቱ የ ኢትዮጵያ  ኦ ርቶድክስ  ተዋህድ ጻዱቅ  የ ኖረው በኒ ሁ ን ጉስ  ዘመን  ነ በር  

::  
2. አጼ ዘ ርአ  ያ እቆብ ን ጉስ  ከሆኑ  በኋሊ  ን ግስት እላኒ ን  በ1434 አ ገ ቡ፣  ከዚያም በ1436 ዘውዲቸውን  ጫኑ  

::  
3. እስከ  እሇት ህሌፈታቸውም ዯብረ  ብርሃ ን  የ ኢትዮጵያ  ዋና  ከተማ ነ በረች  

4. አጼ ዘ ርአ  ያ እቆብ በዘውዴ ስማቸው ቆስጠንጥን ዮስ  ከአባታቸው ቀዲማዊ ዲዊት እና  ከእናታቸው ን ግስት 

ክብረ  እግዚ በ1399 እ .ኤ.አ  ከአዋሽ  ወን ዝ አጠገ ብ ትገ ኝ  በ ነ በረው ትሌቅ  ተብሊ  በምትጠራው መንዯር  

የ ዴሮው ፈተገ ር  ክፍሇ  ሀገ ር  ተወሇደ ::  

5. አጼ ዘ ርአ  ያ እቆብ በዘውዴ ስማቸው ቆስጠንጥን ዮስ  ከአባታቸው ቀዲማዊ ዲዊት እና  ከእናታቸው ን ግስት 

ክብረ  እግዚ በ1399 እ .ኤ.አ  ከአዋሽ  ወን ዝ አጠገ ብ ትገ ኝ  በ ነ በረው ትሌቅ  ተብሊ  በምትጠራው መንዯር  

የ ዴሮው ፈተገ ር  ክፍሇ  ሀገ ር  ተወሇደ ያ ረፉትም በዯጋ  ዯሴት፣  ጣና  ሃ ይቅ  ነ ው ::  

6. አጼ ዘ ርአ  ያ እቆብ በዘውዴ ስማቸው ቆስጠንጥን ዮስ  ከአባታቸው ቀዲማዊ ዲዊት እና  ከእናታቸው ን ግስት 

ክብረ  እግዚ በ1399 እ .ኤ.አ  ከአዋሽ  ወን ዝ አጠገ ብ ትገ ኝ  በ ነ በረው ትሌቅ  ተብሊ  በምትጠራው መንዯር  

የ ዴሮው ፈተገ ር  ክፍሇ  ሀገ ር  ተወሇደ ያ ረፉትም በዯጋ  ዯሴት፣  ጣና  ሃ ይቅ  ነ ው ::  

7. አጼ ዘ ርአ  ያ እቆብ በዘውዴ ስማቸው ቆስጠንጥን ዮስ  ከአባታቸው ቀዲማዊ ዲዊት እና  ከእናታቸው ን ግስት 

ክብረ  እግዚ በ1399 እ .ኤ.አ  ከአዋሽ  ወን ዝ አጠገ ብ ትገ ኝ  በ ነ በረው ትሌቅ  ተብሊ  በምትጠራው መንዯር  

የ ዴሮው ፈተገ ር  ክፍሇ  ሀገ ር  ተወሇደ ያ ረፉትም በዯጋ  ዯሴት፣  ጣና  ሃ ይቅ  ነ ው ::  

8.  አጼ ዘ ርአ  ያ እቆብ ከኢትዮጵያ  ነ ገ ስታት 265ተኛ  ነ በሩ ::  

9. በዚህ  ጊዜ የ አጼ ሌብነ  ዴን ግሌን  ሰራዊት መምጣት የ ሰሙት የ ግራኝ  ወታዯሮች በፍርሃ ት ተውጠው ሇመሸሽ  

ሲሞክሩ፣  ግራኝ  ግን  በጽናትና  ቆራጥነ ት አብዛ ኞቹ ባለበት እንዱቆሙ በማዴረግ  የ ሌብነ  ዴንግሌን  

ሰራዊት ከአዱስ  አበባ  80 ኪል ሜትር  ዯቡብ ምስራቅ  በምትገ ኘው በሽምብራ ቁሬ ጦርነ ት መጋቢት 1529 

አ .ም አሸ ነ ፈ :: 

10. በዚህ  ጊዜ የ አጼ ሌብነ  ዴን ግሌን  ሰራዊት መምጣት የ ሰሙት የ ግራኝ  ወታዯሮች በፍርሃ ት ተውጠው ሇመሸሽ  

ሲሞክሩ፣  ግራኝ  ግን  በጽናትና  ቆራጥነ ት አብዛ ኞቹ ባለበት እንዱቆሙ በማዴረግ  የ ሌብነ  ዴንግሌን  

ሰራዊት ከአዱስ  አበባ  80 ኪል ሜትር  ዯቡብ ምስራቅ  በምትገ ኘው በሽምብራ ቁሬ ጦርነ ት መጋቢት 1529 

አ .ም አሸ ነ ፈ :: 

11. በዚህ  ጊዜ የ አጼ ሌብነ  ዴን ግሌን  ሰራዊት መምጣት የ ሰሙት የ ግራኝ  ወታዯሮች በፍርሃ ት ተውጠው ሇመሸሽ  

ሲሞክሩ፣  ግራኝ  ግን  በጽናትና  ቆራጥነ ት አብዛ ኞቹ ባለበት እንዱቆሙ በማዴረግ  የ ሌብነ  ዴንግሌን  

ሰራዊት ከአዱስ  አበባ  80 ኪል ሜትር  ዯቡብ ምስራቅ  በምትገ ኘው በሽምብራ ቁሬ ጦርነ ት መጋቢት 1529 

አ .ም አሸ ነ ፈ :: 

12. በተሇምድው ግራኝ  አህመዴ ተብል የ ሚታወቀው የ ጦር  መሪ  ሙለ ስሙ አህመዴ ኢብን  ኢብራሂም አሌጋዚ ሲሆን  

የ ኖረውም ከ1507 አ .ም እስክ  ታህሳስ  21 1543 አ .ም (እ .ኤ.አ ) ነ በር  :: 

13. ከዚህ  ጥቃት የ ተረፉትና  የ አጼ ገ ሊውዱወስ  ሰራዊት በመጨረሻ  ተገ ናኝተው ሃ ይሊቸውን  በማጠናከር  

የ ካቲት 21 ፣  1543 የ ወይና  ዯጋ  ጦርነ ት ተብል በሚታወቀው ጥቃት አዯረሱና  ግራኝ  ተገ ዯሇ  :: 
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C. A Sample NE tagged Corpus 
1. በካፋ/B-PER  የ ቀዲማዊ/B-PER  እያሱ/I-PER  ሌጅ/NN  ሲሆን /V  ከሱ/PRO  ቀዴሞ/NN  

የ ነ ገ ሱት/V  ቀዲማዊ/B-PER  ተክሇሃ ይማኖትና /I-PER  ሳሌሳዊ/B-PER  ዲዊት/I-PER  ወንዴም/NN  

ነ በር /V  ::/PUNC   

2. በካፋ/B-PER  ህጻ ን ነ ቱን /NN  ያ ሳ ሇፈው/V  ወህኒ /B-LOC  አምባ /I-LOC  ሊይ/PREP  ነ በር /V  

::/PUNC   
3. ሆኖምግን /CONJ  በን ጉስ /B-PER  ዮስጦስ /I-PER  መጨረሻ /NN  ዘመን /NN  አካባቢ/NN  በተነ ሳ /V  

ግርግር /NN  ሳቢያ /NN  ከወህኒ /B-LOC  አምሌጦ/V  ከኦሮሞ/NN  ቡዴኖች/NN  ስር /PREP  

ተዯበቀ /V  ::/PUNC   

4. ሳይቆይም/V  በመማረኩ/V  ሇወዯፊት/ADV  እን ዲይነ ገ ስ /V  አፍንጫው/NN  ሊይ/PREP  ጠባሳ /NN  

ተዯረገ በት/V  ::/PUNC   

5. ነ ገ ርግን /CONJ  በ1721/B-DATE  ወንዴሙ/NN  ዲዊት/B-PER  ሳሌሳዊ/I-PER  በመርዝ/NN  

ስሇተገ ዯሇ /V  ከነ በሩት/V  ተወዲዲሪወች/NN  እሱ/PRO  ተመርጦ/V  ነ ገ ሰ /V  ::/PUNC   

6. የ አ ገ ሪቱን /NN  ሃ ይሌ/NN  መዲከም/V  ተከተል/V  በመጣ/V  ዴን ጋጤ/NN  ምክን ያት/NN  በበካፋ/B-

PER  ዘመን /NN  የ ነ በረችው/V  ኢትዮጵያ /B-LOC  በሴራና /NN  ተን ኮሌ/NN  የ ተተበተበች/V  

እን ዯነ በር /V  ጄምስ /B-PER  ብሩስ /I-PER  ያ ትታሌ/V  ::/PUNC   

7. ሇዚህ /PRO  ይመስሊሌ/V  በካፋ/B-PER  ዝምተኛ/V  ፣ /PUNC   

8. ምስጢረኛ/ADJ  ፣ /PUNC ሌቡ/NN  የ ማይገ ኝና /V  በራሱ/PRO  ባሪያ /NN  ወታዯሮችና /NN  

በራሱ/PRO  ምስሌ/NN  በሰራቸው/V  ሰወች/NN  የ ተከበበ /V  እን ዯነ በር /V  ሃ ኪም/B-PER  

ይጋቤ/I-PER  መዝግቧሌ/V  ::/PUNC   

9. በን ጉሱ/B-PER  ዜና -መዋሌ/B-ENTY  ሊይ/PREP  የ ሰፈረው/V  ጽሁፍ/NN  የ ን ጉሱን /B-PER  

ቆራጥነ ትና /NN  መሌካም/NN  አስተዲዯር /NN  ቢያ ሳይም/V  አሊማው/NN  ግን /CONJ  የ ተሰወረ /V  

እን ዯነ በር /V  ብሩስ /B-PER  ታዝቧሌ/V  ::/PUNC   

10. በን ጉስ /B-PER  በካፋ/I-PER  ዘመን /NN  ብዙ/ADJ  ጦርነ ት/NN  እን ዲሌነ በረና /V  

አብዛ ኛው/ADJ  የ ን ጉሱ/B-PER  ክን ዴ/NN  ያ ረፈው/V  የ ተን ሰራፋውን /V  የ ባ ሊባቱን /NN  

ሃ ይሌ/NN  ሰብሮ/V  የ መካከሇኛው/NN  መንግስትን /NN  ሃ ይሌ/NN  በማጠናከር /V  እን ዯነ በር /V  

ታሪክ /NN  አጥኝው/NN  ድናሌዴ/B-PER  ላቪን /I-PER  ይና ገ ራሌ/V  ::/PUNC   

11. ታሪክ /NN  አጥኝው/NN  ፓሌ/B-PER  ሄን ዝ/I-PER  በበኩለ/PRO  ሇኢትዮጵያ /B-LOC  ታሪክ /NN  

በካፋ/B-PER  ያ በርከተው/V  ታሊቁ/ADJ  አስተዋጾ /NN  ሁሇተኛው/NUM  ሚስቱ/NN  ን ግስት/B-

PER  ምንትዋብ/I-PER  እን ዯነ በረች/V  ይዘ ግባሌ/V  ::/PUNC   

12. የ ጎ ን ዯር /B-LOC  ከተማን /I-LOC  የ መጨረሻ /NN  ግን ቦች/NN  ያ ሰሩት/V  በካፋና /B-PER  

ሚስቱ/NN  ምንትዋብ/B-PER  ነ በሩ/V  ::/PUNC   

13. የ በካፋ/B-PER  የ መጀመሪያው/NN  ሚስቱ/NN  የ ተጋበዘ ችው/V  እዚህ /PRO  ሲሆን /V  

ህን ጻውን /NN  ያ ስ ገ ነ ባው/V  እራሱ/PRO  በካፋ/B-PER  ነ ው/V  ን ጉሱ/B-PER  በካፋ/I-PER  

የ መጀመሪያ /NN  ሚስቱን /NN  ካገ ባ /V  በኋሊ /ADV  የ ዙፋን /NN  ተክሉሌ/NN  ዯፋሊት/V  

::/PUNC   
14. ቀጥልም/ADV  ሇዚህ /PRO  ስርኣ ት/NN፣   ክብር /NN  ሲባሌ/NN  በአዲራሽ /NN  ውስጥ/PREP  

ግብዣ/NN  አዴርጎ /V  ሲያበቃ/V  ሚስቲቱ/NN  ከቀረበው/V  ምግብ/NN  እን ዯበሊች/V  ታመመችና /V  

ማታውኑ /ADV  አረፈች/V  ::/PUNC   
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15. ከበካፋ/B-PER  በፊት/ADV  የ ነ በረው/V  ን ጉስ /B-PER  በመርዝ/NN  ስሇሞተና /V  ይቺም/PRO  

ሚስቱ/NN  በዚያው/PRO  እን ዯሞተች/V  ከፍተኛ/ADV  ወሬ/NN  ስሇተናፈሰ /V  ከፍተኛ/ADV  

ሽብር /NN  ከተማይቱን /NN  አናወጣት/V  ::/PUNC   

16. በካፋ/B-PER  በህዝብ/NN  ዘ ንዴ/PREP  ክብርን /NN  ካስ ገ ኘሇት/V  ስራው/NN  አንደ/NUM  

ብዙ/ADJ  ጊዜውን /NN  በመሰዋትና /V  እራሱን /PRO  ዯብቆ /V  በግዛ ቱ/NN  ሁለ/PRO  

እ የ ተዘ ዋወረ /V  ስህተት/NN  የ ተሰራውን /V  ማቃናቱ/V  ነ በር /V  ::/PUNC   

17. በዚህ /PRO  ሁኔ ታ/NN  አን ዴ/NUM  ቀን /NN  ተዯብቆ /V  ከጣና /B-LOC  ሃ ይቅ /I-LOC  

በስተምእራብ/ADV  ሲጓዝ/V  ቋራ/B-LOC  ሊይ/PREP  ታመመና /V  ከአንዴ/NN  ገ በሬ/NN  

ቤት/NN  አረፈ/V  ::/PUNC   

18. የ ዚያ /PRO  ቤት/NN  ባሇቤት/NN  የ ብርሃ ነ /B-PER  ሞገ ሴ/I-PER  አባት/NN  ሲሆኑ /V  

እሷም/PRO  ታማሚውን /NN  በካፋ/B-PER  ተን ክባክባ /V  ሇጤን ነ ት/NN  ስሊ በቃችው/V  

ወዱያው/ADV  አ ገ ባት/V  ::/PUNC   

19. ከሊይ/PRO  እን ዯተጠቀሰው/V  ከመጀመሪያይቱ/NN  ሚስት/NN  ሞት/NN  በኋሊ /ADV  

ከፍተኛ/ADV  ፍርሃ ትና /NN  ሽብር /NN  ይታይ/V  ነ በር /V  ::/PUNC   

20. ይህ /PRO  በዚህ /PRO  እን ዲሇ /V  ነ በር /V  ብርሃ ነ /B-PER  ሞገ ሴ/I-PER  ስሟን /NN  ቀይራ/V  

በን ግስና /NN  ስሟ/NN  ምንትዋብ/B-PER  ተብሊ /V  ፋሲሌ/B-ENTY  ግምብ/I-ENTY  የ ገ ባችው/V  

::/PUNC   
21. በፍርሃ ትና /ADV  ጥርጣሬ/NN  በተሞሊ /V  ከተማ/NN  ውስጥ/PREP  የ ነ በረውን /V  አዯገ ኛ/ADV  

ሴራ/NN  ሁለ/PRO  ተቋቁማ/V  ነ በር /V  ሃ ይሎን /NN  አጠናክራ/V  በኋሊም/ADV  ሇከተማይቱ/V  

ከፍተኛ/ADV  አስተዋጾ ን /NN  ያ ዯረ ገ ች/V  ::/PUNC   

22. እ የ ተዘ ዋወረ /V  መቆጣጠሩ/V  አሌበቃው/V  ሲሌ/V  እ .ኤ.አ /B-DATE  1727/I-DATE  ሊይ/PREP  

የ ህዝቡን /NN  ስ ነ -ሌቡና /NN  ሇመፈተን /V  ፈሇገ /V  ::/PUNC   

23. ሇዚህ /PRO  እን ዱረዲው/V  ካሰራው/V  ግምብ/NN  ውስጥ/PREP  በመሸሸግ /V  ሇብዙ/ADJ  

ቀናት/NN  ሳይታይ/V  ጠፋ/V  ::/PUNC   

24. በጊዜው/NN  የ ነ በሩ/V  መኳን ንት/NN  በዚህ /PRO  ጉዲይ/NN  በመዯና ገ ጣቸው/V  ግርግር /NN  

ተነ ሳ /V  ::/PUNC   

25. ስሇዚህም/CONJ  የ ከተማው/NN  ከን ቲባ /B-PER  በቤተመን ግስቱ/B-ORG  ዙሪያ /NN  ዘ ብ/NN  

አቆመ/V  ::/PUNC   

26. ይህ /PRO  በዚህ /PRO  እን ዲሇ /V  ን ጉሱ/B-PER  ከተዯበቀበት/V  ወጥቶ/V  ወዯ /PREP  ዯብረ -

ብርሃ ን /B-ORG  ስሊሴ/I-ORG  ቤተክርስቲያ ን /I-ORG  ፈረሱን /NN  ጋሇበ /V  ::/PUNC   

27. በሚቀጥሇው/ADV  ቀን /NN  ከን ቲባው/B-PER  እና /CONJ  ከሱ/PRO  ጋር /PREP  አብረውት/V  

የ ሰሩት/V ሰወች/NN  የ ሞት/NN  ፍርዴ/NN  ተፈረዯባቸው/V  ::/PUNC   

28. የ በካፋን /B-PER  መጥፋት/V  ተከተል/V  ከን ቲባውና /B-PER  ግብረ /NN  አበሮቹ/NN  ብቻ/ADV  

ሳይሆኑ /V  የ ከተማው/V  ህዝቡ/PUNC  ሁለ/PRO  በጣም/ADJ  ተዯስቶ/V  እን ዯነ በርና /V  

በኋሊም/ADV  በህይወት/NN  መኖሩን /V  ሲያውቁ/V  በከተማይቱ/NN  ሽብር /NN  ተነ ስቶ/V  

ብዙው/NN  ህዝብ/NN  ከከተያምቱ/NN  እን ዯሸሸ /V  ሃ ኪም/B-PER  ይጋቤ/I-PER  ይና ገ ራሌ/V  

::/PUNC   
29. ይሁን ና /CONJ ን ጉሱ/B-PER  ይቅርታና /NN  ምህርተን /NN  ስሇፈቀዯ /V  ሽብሩ/NN  በቶል/ADV  

ሉያቆም/V  ችሎሌ/V  ::/PUNC   
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30. ይህን /PRO  አስመሌክቶ/V፣   ን ጉሱ/B-PER  ሲና ገ ር /V  የ ጎ ን ዯርን /NN  ህዝብ/NN  እን ዯሚወዴ/V  

ግን /CONJ  ህዝቡ/NN  በአጸፋው/NN  እን ዯሚጠለት/V  በምሬት/ADV  ተናግሯሌ/V  ::/PUNC   

31. በበካፋ/B-PER  ዜና -መዋእሌ/B-ENTY  ሊይ/PREP  እን ዯተመዘ ገ በ /V  በ1726/B-DATE  

ሊይ/PREP  በመጡ/V  ሁሇት/NUM  ግብጻውያ ን /V  ፣ /PUNC ዴሚጥሮስና /B-PER  ጊዮርጊስ /B-PER  

፣ /PUNC የ ተሰሩ/V  አዱስ /ADJ  አይነ ት/NN  ታንኳወች/NN  በጣና /B-LOC  ሃ ይቅ /I-LOC  

ሊይ/PREP  እ የ ተን ሳፈፉ/V  የ ብዙን /NN  ህዝብ/NN  ሌብ/NN  ሰርቀዋሌ/V  ::/PUNC   

32. በ ነ በረው/V  የ ሴራና /NN  እርስ /NN  በርስ /NN  ጥርጣሬ/NN  ምክን ያት/NN  በበካፋ/B-PER  

ዘመን /NN  ብዙ/ADJ  ጦርነ ት/NN  አሌታየ ም/V  ::/PUNC   

33. ይሁን ና /CONJ  በዲሞት/B-LOC  ፣ /PUNC በጌምዴር /B-LOC  እና /CONJ  ሊ ስታ/B-LOC  

ዘመቻወችን /NN  አካሂዶሌ/V  ::/PUNC   

34. የ ኦ ሮሞ/B-ENTY  ቡዴኖችንም/I-ENTY  ሃ ይሌ/NN  መግታት/NN  ስሊሌቻሇ /V  ምስራቅ /B-LOC  

ሸዋ/I-LOC  በ ነ ኝሁ/PRO  ቡዴኖች/NN  ቁጥጥር /V  ስር /PREP  ዋሇ /V  ፣ /PUNC   

35. ሲዲሞም/B-LOC  በዚሁ/PRO  ከተቀረው/V  ክፍሌ/NN  የ ተነ ጠሇው/V  በዚህ /PRO  ጊዜ/NN  ነ ው/V  

፣ /PUNC   

36. እን ራያ /B-LOC  የ ተባሇውም/V  የ ክርስቲያ ን /B-ORG  አ ገ ርም/NN  የ ኦ ሮሞ/NN  ቡዴኖች/NN  

ስሇተቆጣጠሩት/V  ከዚህ /PRO  በኋሊ /ADV  አበቃሇት/V  ::/PUNC   

37. በዚህ /PRO  ሁኔ ታ/NN  ሸዋ/B-LOC  እራሱን /PRO  ችል/V  በን ጉስ /B-PER  አብይ/I-PER  

መተዲዯር /V  ጀመረ /V  ::/PUNC   
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D. A sample POS Tagged Corpus 

በካፋ/NN የ ቀዲማዊ/NN እያሱ/NN ሌጅ/NN ሲሆን /CONJ ከሱ/NN ቀዴሞ/V የ ነ ገ ሱት/V ቀዲማዊ/NN 

ተክሇሃ ይማኖትና /NN ሳሌሳዊ/NN ዲዊት/NN ወንዴም/NN ነ በር /V ::/PUNC 

በካፋ/NN ህጻ ን ነ ቱን /NN ያ ሳ ሇፈው/V ወህኒ /NN አምባ /NN ሊይ/PREP ነ በር /V ::/PUNC 

ሆኖም/CONJ ግን /CONJ በን ጉስ /NN ዮስጦስ /NN መጨረሻ /NN ዘመን /NN አካባቢ/NN በተነ ሳ /V 

ግርግር /NN ሳቢያ /NN ከወህኒ /NN አምሌጦ/V ከኦሮሞ/NN ቡዴኖች/NN ስር /PREP ተዯበቀ /V ::/PUNC 

ሳይቆይም/V በመማረኩ/V ሇወዯፊት/NN እን ዲይነ ገ ስ /V አፍንጫው/NN ሊይ/PREP ጠባሳ /NN ተዯረገ በት/V 

::/PUNC 

ነ ገ ርግን /NN በ1721/NUM ወንዴሙ/NN ዲዊት/NN ሳሌሳዊ/NN በመርዝ/NN ስሇተገ ዯሇ /V ከነ በሩት/NN 

ተወዲዲሪወች/NN እሱ/NN ተመርጦ/V ነ ገ ሰ /V ::/PUNC 

የ አ ገ ሪቱን /NN ሃ ይሌ/NN መዲከም/NN ተከተል/V በመጣ/V ዴን ጋጤ/NN ምክን ያት/NN በበካፋ/NN 

ዘመን /NN የ ነ በረችው/NN ኢትዮጵያ /NN በሴራና /NN ተን ኮሌ/NN የ ተተበተበች/NN እን ዯነ በር /V 

ጄምስ /NN ብሩስ /NN ያ ትታሌ/V ::/PUNC 

ሇዚህ /PRO ይመስሊሌ/V በካፋ/NN ዝምተኛ/ADJ ፣ /PUNC ምስጢረኛ/ADJ ፣ /PUNC ሌቡ/NN 

የ ማይገ ኝና /V በራሱ/NN ባሪያ /NN ወታዯሮችና /NN በራሱ/NN ምስሌ/NN በሰራቸው/V ሰወች/NN 

የ ተከበበ /V እን ዯነ በር /V ሃ ኪም/NN ይጋቤ/NN መዝግቧሌ/V ::/PUNC 

በን ጉሱ/NN ዜና -መዋሌ/NN ሊይ/PREP የ ሰፈረው/V ጽሁፍ/NN የ ን ጉሱን /NN ቆራጥነ ትና /NN መሌካም/NN 

አስተዲዯር /NN ቢያ ሳይም/V አሊማው/NN ግን /CONJ የ ተሰወረ /V እን ዯነ በር /V ብሩስ /NN ታዝቧሌ/V 

::/PUNC 

በን ጉስ /NN በካፋ/NN ዘመን /NN ብዙ/NUM ጦርነ ት/NN እን ዲሌነ በረና /V አብዛ ኛው/ADJ የ ን ጉሱ/NN 

ክን ዴ/NN ያ ረፈው/V የ ተን ሰራፋውን /V የ ባ ሊባቱን /NN ሃ ይሌ/NN ሰብሮ/V የ መካከሇኛው/NN 

መንግስትን /NN ሃ ይሌ/NN በማጠናከር /V እን ዯነ በር /V ታሪክ /NN አጥኝው/NN ድናሌዴ/NN ላቪን /NN 

ይና ገ ራሌ/V ::/PUNC 

ታሪክ /NN አጥኝው/NN ፓሌ/NN ሄን ዝ/NN በበኩለ/PRO ሇኢትዮጵያ /NN ታሪክ /NN በካፋ/NN 

ያ በርከተው/V ታሊቁ/ADJ አስተዋጾ /NN ሁሇተኛው/NUM ሚስቱ/NN ን ግስት/NN ምንትዋብ/NN 

እን ዯነ በረች/V ይዘ ግባሌ/V ::/PUNC 

የ ጎ ን ዯር /NN ከተማን /NN የ መጨረሻ /NUM ግን ቦች/NN ያ ሰሩት/V በካፋና /NN ሚስቱ/NN ምንትዋብ/NN 

ነ በሩ/V ::/PUNC 

የ በካፋ/NN ምግብ/NN አዲራሽ /NN ፡ /PUNC የ በካፋ/NN የ መጀመሪያው/NN ሚስቱ/NN የ ተጋበዘ ችው/V 

እዚህ /PRO ሲሆን /PRO ህን ጻውን /NN ያ ስ ገ ነ ባው/V እራሱ/NN በካፋ/NN ነ ው/NN 

ን ጉሱ/NN በካፋ/NN የ መጀመሪያ /NN ሚስቱን /NN ካገ ባ /V በኋሊ /ADV የ ዙፋን /NN ተክሉሌ/NN ዯፋሊት/V 

::/PUNC 
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ቀጥልም/PRO ሇዚህ /PRO ስርኣ ት/NN ክብር /NN ሲባሌ/V በአዲራሽ /NN ውስጥ/PREP ግብዣ/NN አዴርጎ /V 

ሲያ በቃ/V ሚስቲቱ/NN ከቀረበው/V ምግብ/NN እን ዯበሊች/V ታመመችና /V ማታውኑ /ADV አረፈች/V ::/PUNC 

ከበካፋ/NN በፊት/ADV የ ነ በረው/V ን ጉስ /NN በመርዝ/NN ስሇሞተና /NN ይቺም/PRO ሚስቱ/NN 

በዚያው/PRO እን ዯሞተች/NN ከፍተኛ/ADV ወሬ/NN ስሇተናፈሰ /V ከፍተኛ/ADV ሽብር /NN 

ከተማይቱን /NN አናወጣት/V ::/PUNC 

በካፋ/NN በህዝብ/NN ዘ ንዴ/NN ክብርን /NN ካስ ገ ኘሇት/V ስራው/V አንደ/NUM ብዙ/ADJ ጊዜውን /NN 

በመሰዋትና /V እራሱን /NN ዯብቆ /V በግዛ ቱ/NN ሁለ/NN እ የ ተዘ ዋወረ /V ስህተት/NN የ ተሰራውን /V 

ማቃናቱ/V ነ በር /V ::/PUNC 

በዚህ /PRO ሁኔ ታ/NN አንዴ/NUM ቀን /NN ተዯብቆ /V ከጣና /NN ሃ ይቅ /NN በስተምእራብ/NN ሲጓዝ/V 

ቋራ/NN ሊይ/PREP ታመመና /V ከአንዴ/NUM ገ በሬ/NN ቤት/NN አረፈ/V ::/PUNC 

የ ዚያ /PRO ቤት/NN ባሇቤት/NN የ ብርሃ ነ /NN ሞገ ሴ/NN አባት/NN ሲሆኑ /V እሷም/NN ታማሚውን /NN 

በካፋ/NN ተን ክባክባ /V ሇጤን ነ ት/NN ስሊበቃችው/V ወዱያው/ADV አ ገ ባት/V ::/PUNC 

ከሊይ/PREP እን ዯተጠቀሰው/V ከመጀመሪያይቱ/NUM ሚስት/NN ሞት/NN በኋሊ /ADV ከፍተኛ/ADV 

ፍርሃ ትና /NN ሽብር /NN ይታይ/V ነ በር /V ::/PUNC 

ይህ /PRO በዚህ /PRO እን ዲሇ /V ነ በር /V ብርሃ ነ /NN ሞገ ሴ/NN ስሟን /NN ቀይራ/V በን ግስና /NN ስሟ/NN 

ምንትዋብ/NN ተብሊ /V ፋሲሌ/NN ግምብ/NN የ ገ ባችው/V ::/PUNC 

በፍርሃ ትና /NN ጥርጣሬ/NN በተሞሊ /V ከተማ/NN ውስጥ/PREP የ ነ በረውን /NN አዯገ ኛ /ADJ ሴራ/NN 

ሁለ/NN ተቋቁማ/V ነ በር /V ሃ ይሎን /NN አጠናክራ/V በኋሊም/ADV ሇከተማይቱ/NN ከፍተኛ/ADV 

አስተዋጾ ን /NN ያ ዯረ ገ ች/V ::/PUNC 

እ የ ተዘ ዋወረ /V መቆጣጠሩ/V አሌበቃው/V ሲሌ/V እ .ኤ.አ /ABBR 1727/NUM ሊይ/PREP የ ህዝቡን /NN ስ ነ -

ሌቡና /NN ሇመፈተን /V ፈሇገ /V ::/PUNC 

ሇዚህ /PRO እን ዱረዲው/V ካሰራው/V ግምብ/NN ውስጥ/PREP በመሸሸግ/V ሇብዙ/NUM ቀናት/NN ሳይታይ/V 

ጠፋ/V ::/PUNC 

በጊዜው/NN የ ነ በሩ/V መኳን ንት/NN በዚህ /PRO ጉዲይ/NN በመዯና ገ ጣቸው/V ግርግር /NN ተነ ሳ /V 

::/PUNC 

ስሇዚህም/CONJ የ ከተማው/NN ከን ቲባ /NN በቤተመንግስቱ/NN ዙሪያ /NN ዘ ብ/NN አቆመ/V ::/PUNC 

ይህ /PRO በዚህ /PRO እን ዲሇ /NN ን ጉሱ/NN ከተዯበቀበት/V ወጥቶ/V ወዯ /PREP ዯብረ -ብርሃ ን /NN 

ስሊሴ/NN ቤተክርስቲያ ን /NN ፈረሱን /NN ጋሇበ /V ::/PUNC 
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E. A Sample of the Question Answering 

No_ Test Questions Returned Answers Expected Answers Remark 

1 በአዴዋ ዘመቻ የ ኢትዮጲያ  የ ጦር  

አበጋዞ ች ማን  ማን  ነ በሩ?  

 

ራስ  ሚካኤሌ  ራስ  መኮን ን  

ራስ  መን ገ ሻ   ን ጉስ  ተክሇ  

ሃ ይማኖት   

 ራስ  ሚካኤሌ  ራስ  

መኮን ን  ራስ  መን ገ ሻ   

ን ጉስ  ተክሇ  ሃ ይማኖት   

 

Correct 

2 ን ግስተ ሳ ባ  ኢትዮጵያ ን  ሇስን ት 

አመት ስታስተዲዴር  ቆየ ች? 

 

 

አን ዴ 

 

31 

 

Wrong  

3 የ አ ባቶች ገ ዲ  መዯቦች ጥቀስ ? 

 

 

- 

ሜሌባ   ሙዯና  ኪልላ 

ቢፎላ ሚችላ 

 

No 

Answer 

4 የ መጀመሪያዋ የ ኢትዮጵያ  የ ጦር  

መርከብ ምን  ትባሊ ሇች?  

 

 

ዘ ራይ ዯረስ  

 

ዘ ራይ ዯረስ  

 

Correct  

5 የ አዴዋ ጦርነ ት መቼ ተካሄዯ? 

 

1888 አ .ም 1888 አ .ም Correct  

6 የ ውጫላ ውሌ የ ተፈረመው በማን  እና  

በማን  ነ በር? 

 

   

ምኒ ሌክ  ምኒ ሌክ  

 

ኢትዮጲያና  ኢጣሉያ  

 

Wrong  
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F. The Training Code for POS Tagger 

from read_data_from_file import * 

from math import log 

import sys 

class CalProbabilities: 

    def __init__(self): 

        self.word_tag_count = {} # dictionary to store the number of occurrences for a given word-tag comb 

        self.word_count = {}         # dictionary to store the number of occurrences for a word 

        self.trigram_tags_count = {}  # dictionary to store the number of occurrences of triplet or trigram of 

tags 

        self.bigram_tags_count = {}         # dictionary to store the number of occurrences of bigram tags 

        self.emission_probabilities = {} # dictionary to store the emission probability for a given word-tag  

        self.transition_probabilities = {} # dictionary to store the transition probability for a given trigram  

        # a dictionary containing all the tags for every word. So key is a word and value is a set/list of tags 

        self.word_tags_set = {} 

        self.unique_tags = set()         # a set of all unique tags in the training corpus 

    # calculate the word-tag counts and word counts and populate the respective dictionaries 

    def populate_count_dicts(self, filename): 

        read_files = ReadFiles(filename) 

        all_tuples = read_files.word_tag_tuples() 

        self.word_tags_set = read_files.word_tags 

        self.unique_tags = read_files.unique_tags 

        for sentence in all_tuples: 

            for i in range(2, len(sentence)): 

                # populate word-tag dictionary 

                if sentence[i] in self.word_tag_count: 

                    self.word_tag_count[sentence[i]] += 1 

                else: 

                    self.word_tag_count[sentence[i]] = 1 
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                # populate word count dictionary 

                if sentence[i][0] in self.word_count: 

                    self.word_count[sentence[i][0]] += 1 

                else: 

                    self.word_count[sentence[i][0]] = 1 

                # populate trigram dictionary 

                words_trigram = (sentence[i-2][1],sentence[i-1][1],sentence[i][1]) 

                if words_trigram in self.trigram_tags_count: 

                    self.trigram_tags_count[words_trigram] += 1 

                else: 

                    self.trigram_tags_count[words_trigram] = 1 

                # populate bigram dictionary 

                words_bigram = (sentence[i - 2][1], sentence[i - 1][1]) 

                if words_bigram in self.bigram_tags_count: 

                    self.bigram_tags_count[words_bigram] += 1 

                else: 

                    self.bigram_tags_count[words_bigram] = 1 

    def _save(self): 

        dictionary = {"transition": self.transition_probabilities, 

                      "emission": self.emission_probabilities, 

                      "word2tag": self.word_tags_set, 

                      "unique_tags": self.unique_tags, 

                      "bigram": self.bigram_tags_count} 

        output = open("hmmmodel.txt", "wb") 

        pickle.dump(dictionary, output) 

        output.close() 

    def run(self, filename): 

        self.populate_count_dicts(filename) 

        self.calculate_emission_probabilities() 
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        self.calculate_transition_probabilities() 

        self._save() 

    # calculate emission probabilities 

    # p(word/tag) 

    def calculate_emission_probabilities(self): 

        # getting key value pair from dictionary word_tag_count 

        for word_tag, word_tag_count in self.word_tag_count.items(): 

            # emission probability for a word-tag pair. 

            # no. of occurrences of a given word-tag divided by no. of occurrences of the word. 

            self.emission_probabilities[word_tag] = 

log(float(word_tag_count)/float(self.word_count[word_tag[0]])) 

    # calculate transition probabilities - trigram probabilities - tag given previous two tags. 

    def calculate_transition_probabilities(self): 

        # getting trigram tuple(key) and  count (value) pair from dictionary 

        for trigram_tuple, trigram_tuple_count in self.trigram_tags_count.items(): 

            # getting bigram count 

            bigram_count = self.bigram_tags_count[(trigram_tuple[0],trigram_tuple[1])] 

            unique_tags_count = len(self.unique_tags) 

            # transition probability 

            # adding one to numerator and unique tag counts to denominator for smoothing 

            self.transition_probabilities[trigram_tuple] = log(float(trigram_tuple_count+1)/float(bigram_count 

+ unique_tags_count)) 

if __name__ == "__main__": 

    filename = sys.argv[1] 

    prob = CalProbabilities() 

    prob.run(filename) 


