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ABSTRACT
Information overload is a problem in this information era due to the mass production of information
in many formats which is enhanced by the internet technology. Amharic text documents are part of
this mass production. In order to extract the useful information from a given text document with in
short time, automatic text summarization plays a decisive role. There are quite a few researches done
for Amharic text summarization but still more research needs to be done to accomplish better result

achieved in other languages like English.

The objective of this study is therefore to investigate the applicability of the open text summarizer for
Ambharic news text summarization. The system is an open source, language independent single
document text summarization tool. It uses combinations of term frequency and sentence position
methods to rank the sentences of the article. 40 news articles on different issues are gathered from
EPA, WIC and RANP web pages from which a corpus containing 30 news articles is prepared for the

experimentation.

Some modifications were made on the interface of the tool that was designed in C# programming
language. The OTS tool is customized in two ways for performing the two experiments. The first one
is done without changing the code of the tool significantly, but with few modifications on the
punctuation rules and by preparing the dictionary file that holds the Amharic language lexicons. The
system uses language specific lexicons which include list of affixes, abbreviations, stop words,
synonyms, compound words and other rules. The second one is done by changing the Porter stemmer
of the tool with an Amharic stemmer. The experiment is done on both systems by generating 90

summaries for each news article at 10%, 20% and 30% extraction rates.

The performance of the two systems is evaluated using subjective and objective evaluation.
Subjective evaluation is done for 45 summaries extracted in experiment one and good result is
obtained. Objective evaluation is done for all the summaries generated in both experiments by
comparing them with an ideal manual summary using F-measure. The highest score for the first
experiment is 75.65% at the 30% extraction rate for middle size articles and a corpus average
score of 66.23% has been achieved whereas for experiment two it is 72.83% at the extraction rate
of 30% for the large size news articles and a corpus average score of 72.37%. The system with
Ambharic stemmer gave better performance than the other regardless of the size of the original
article in a given extraction rate with better average corpus score at 20% and 30%. The system

also showed regularity in performance improvement as the extraction rate increases.

ix



CHAPTER ONE

1.1. INTRODUCTION

In this information era documents are produced and disseminated through printed formats, digital
formats and the internet every day. To benefit from this mass production of information, there
are many ways of document retrieval systems and search engines developed. These systems give
access to and make information available for the user to choose from based on their requirement
or need. In accessing these available digital documents, the major challenge is information
overload which occurs due to the hundreds or thousands of relevant documents presented to the

user for one query.

As the quantity of digital data increases causing more problem of information overload, the
interest in automatic summarization has also increased. This is to address the need by the user to
get the main idea of the document without reading the whole document so that the document that
meets the user needs can be chosen within short time. The technology of automatic text
summarization is becoming indispensable solution for dealing with the information overload
problem. Early experimentation in the late 1950s and 1960s suggested that text summarization

by computer was possible though it was not straight forward (Luhn, 1958).

Text summarization is one of the natural language processing (NLP) application that propose to
extract the most important information from a source to produce a condensed version for a
particular user or task. Automatic text summarization is the process of reducing a text document
with a computer program in order to create a summary that retains the concept of the original
document. In order to generate a summary of a document, we have to identify key pieces of
information existing in a document or a sentence, omitting the redundant information and
reducing details. The goal of automatic text summarization is to take an information source,
extract content from it and present the major content to the user in a condensed form and in a

manner sensitive to the user’s or application’s need (Lloret, 2008).

Based on the quantity of the input document used there are two types of document

summarization. These are single document summarization and multi document summarization.



Single document summarization, as the name implies takes a single document and presents the
most important content in a condensed manner for the needs of further task. Whereas multi
document summarization extracts information from many text documents written about the same
topic. The complexity involved with the integration of different documents about a topic to
extract a single summary, makes multi document summarization more complex and wider

concept than the single document summarization.

There are two approaches to automatic summarization of text documents which are extraction
and abstraction. Extractive methods work by selecting a subset of existing words, phrases or
sentences in the original text to form the summary. Whereas abstractive methods build an
internal semantic representation and then use natural language generation techniques to create a
summary that is closer to what a human might generate. Such a summary might contain words
not explicitly present in the original document. Extraction approach is more practicable in many

applications of text summarization.

In applying the extraction approach, there are different methods for measuring the importance of
a sentence to be used in the summary. To choose the concept that should be included in the
summary, some algorithms calculate a weight for each sentence, taking into account the position
of the sentence and word frequencies, while others use semantic information in order to find the

hierarchy of concepts (Girma, 2012).
The major application areas, where automatic text summarization is used, are:-

» Search engines — to present compressed descriptions of the search results to the user so
that the user can read and understand the content of the retrieved documents.

» Document summarization — to store only the summarized version rather than the whole
document.

» Text to Speech application — a text to speech application can use summaries rather than
the whole document, since written text can be too long to listen to and time taking while
the main information can be transmitted to the listener from the summary of the text.

» Small Screen Devices — summaries best fit small screen applications like in smart phones
and iPods rather than having the whole document which might be too long in the small

screen devices.



1.2. STATEMENT OF THE PROBLEM

Naturally human beings use only few of the information they perceive from their sense organs.
This nature of humans creates the desire of abstraction in everyday life. Due to developments in
technology and change in life style, people have less time to spend reading huge amounts of
information available digitally to satisfy their considerably less information need. Users therefore
tend to focus on condensing the information provided to them by taking abstractive perception

and ignoring the details if they are not interested.

Ambharic being the official spoken and written language of Ethiopia is used to produce text
documents for readers. These text documents are available digitally and the amount is highly
increasing every day. Even Google now supports searching for documents with Amharic fonts
using queries in Amharic font. Interested users are now spending time in searching for Amharic

documents online, which provides lots of text documents creating user information overload.

In addition to these, nowadays many local companies and service providers are developing
bilingual or multilingual web pages for their customers/users. News providing organizations are
among the major providers of Amharic texts for online readers. Blogs, Articles, laws,
proclamations, health related printouts, religious teachings, awareness creation broachers and
educational printed materials also contribute to the production of information in Amharic.

To handle all these available text documents and make use of its information content, it is
necessary to consider the use of text summarization technology for Amharic text documents.
This in effect helps users to get the major concept of the document and choose the relevant
document based on their interest without reading the whole text within short time. Indirectly it

also increases the usability of the available information in Amharic text documents.

There are few researches conducted locally in the area of automatic text summarization applying
different methodologies. To find the best one that is compatible, effective and efficient for
Amharic text more research has to be done. The first research “Amharic News Text
Summarization” was done by Kamil Nuri, in 2004. The system was developed by using natural
language processing techniques and statistical methods. Title words, head sentences, head
sentence words, paragraph starting sentence, cue phrases and high frequency key words are used

as extraction features. The system evaluation of the research showed 74.4% precision and 58%



recall (Kamil, 2004). He used nine news articles that were in printed format, since by the time
the research was conducted there were no web based Amharic news service providers. However,
since he used Perl programming language which does not support Amharic alphabets, he
transliterated the nine news articles. That means he did not use Amharic alphabets directly to the
system which makes the system not to be directly implemented to the real world Amharic text

summarizing application.

The second work, “The Application of Machine Learning Technique for Automatic Text
Summarization — The Case of Amharic News Text”, is done by Teferi Andargie in 2005. He
used predefined features like location of a sentence in a document, title words occurring in the
sentence, and cue words occurring in the sentence that are found to be a good indicator in giving
an optimum summary. He used a corpus of 480 news articles in the experiment which was used
by Saba (2001), Theodros (2003) and Samuel (2004) for testing different retrieval models. A
manual summary at 30% extraction rate was prepared for the 480 articles. The naive Bayes
algorithm is used to classify sentences as a summary or not a summary based on the feature
vectors (Teferi, 2005). A prototype is developed which extracts sentences to a desired
compression level. The result of the experiment shows that the location features gives the best

result in the classification of sentences when using individual features.

The other study, “Automatic Text Summarization for Amharic Legal Judgments™ is a work done
by Helen Adane in 2006. The study focuses on producing prototype system of text
summarization on Amharic legal judgments using Python programming tool (Helen, 2006). The
methodology employed is an extraction technique on Ambharic legal judgments rendered by the
supreme court of Ethiopia. To evaluate the performance of the system a random automatic
summary is generated using the same extraction rates (10% and 20%) by the system for the
selected legal judgments. Using extrinsic evaluation technique, the performance of the system
summary and the random summary were compared with an ideal (manual) summary which is
manually prepared summary by legal experts. The result showed that the sentences extracted by
the system summary using different extraction features are much closer to the manual summary
(Helen, 2006). The domain of the research, legal judgment, writing style is inverted pyramid or
downward triangular which states the most important part of the paragraph on the last sentence

of the paragraph.



Another study, “Automatic Amharic Text Summarization Using Latent Semantic Analysis
(LSA)” is done by Melese Tamiru in 2009. The study proposed two new generic text
summarization methods, topic LSA and LSA-graph, which create text summaries by ranking and
extracting sentences from the original documents (Melese, 2009). Based on these two methods, a
prototype Amharic news text summarization system is built. A manually ranked summary of the
tested 50 news articles are used to evaluate the performance of the proposed system. The two
methods gave comparatively closer results despite the difference in the procedure followed. The
system performance is also compared with other graph based summarization methods, and

claims to perform better than all previously developed graph based methods (Melese, 2009).

The only text summarization research conducted for Oromifa language was the one done by
Girma Debele in 2012 under the title “Afan Oromo News Text Summarizer”. It is developed
based on the Open Text Summarizer which uses the combinations of term frequency and
sentence position methods with language specific lexicons in order to identify the most important
sentence for extractive summary (Girma, 2012). Three methods were developed and tested; 1°
method uses term frequency and position methods, 2™ using Afan Oromo stemmer and language
specific lexicons with additional feature on the first method, 3" with improved position method
and term frequency on the 2" method. The evaluation showed that the 3™ method with improved
position method and term frequency as well as the stemmer and language specific lexicons like
synonyms and abbreviations outperformed the other two methods. This research had an
advantage on the written Oromifa language. Since Oromifa uses “Qube” which is written using
the English alphabets in Latin writing style, he had the advantage of directly using the text news

documents into the open text summarizer.

The latest local study is “Topic based Amharic Text Summarization with Probabilistic Latent
Semantic Analysis” done by Eyob Delele and Dejene Ejigu in 2012. It investigates the problem
of building a concept based single document Amharic text summarization system. The proposed
algorithms are language and domain independent and hence can also be used for other local
languages, more specifically it propose to use the topic modeling approach of probabilistic latent
semantic analysis (Eyob & Dejene, 2012). However, the probabilistic topic model that is used in
their approach do not use term weighting (Eyob & Dejene, 2012), which is highly important to
identify the most representative words of the text document after removing stop words. They



used news articles and tested the system using six algorithms. The study claims that the result
obtained is encouraging hence the systems gave improved results than previous summarization

approaches.

This research is part of the effort that should be done to fill the gap in the area. It aims to
investigate the applicability of the open source system called open text summarizer (OTS), to
single document Amharic text summarization using news domain. In line with the problem

statement this research tries to address the following research questions.
RQ1. What are the characteristics of Amharic language relevant for text summarization?
RQ2. How can the open text summarizer be used for Amharic news text summarization?

The open text summarizer is proved to be effective for more than 25 languages with highest
evaluation scores (Rotem, 2003). It has also been proved that the summarizer works for one of
the local languages, Oromifa (Girma, 2012), which is written using the Latin alphabets. This
research, therefore, investigates the possibility of customizing OTS for Amharic which has its
own writing system. OTS takes the most frequent words by removing stop words and gives high
score for the first sentence of each paragraph. It also uses Porter stemmer which is 90% accurate
(Rotem, 2003). Moreover the open text summarizer implements term weighting by giving higher
score for the first sentence of each paragraph which will increase the effectiveness of the system

in providing a well structured text summary.

1.3. OBJECTIVES OF THE RESEARCH
The main objective of this research is to investigate the applicability of the open source system,

open text summarizer for Amharic news text summarization.

To achieve the above mentioned general objective of the study, the following specific objectives

are set:-

» Review related works on text summarization.
» Review the characteristics of Amharic language and news writing techniques that are
relevant to text summarization.

» Review text summarization techniques and algorithms developed for text summarization.



» Customize the open text summarizer.

» Collect/ develop the language resources (stemmer, stop word list. Abbreviations,
synonyms list, affixes, etc).

» Collect Amharic news texts that are available in digital format for doing the experiment.

A\

Test the performance of the two customized text summarization systems.

> Draw conclusions based on the results and make recommendations for further research.

1.4. SIGNIFICANCE OF THE STUDY

This research is part of the effort to develop Amharic text summarizer which can produce a
human quality summary of Amharic text to best satisfy users need. It can serve as an input for
other researches to be done on text summarization for other Ethiopian languages especially for
those that use the Geez alphabets, by changing the language lexicons and stemming rules. This
research is done using news domain text documents. However, since the OTS tool is domain and
language independent, the customized systems can also be used for other domain areas with few
additions or modifications on the prepared stop word list and language lexicons. It can also be

used as a source for application development for Amharic text summarization program.

1.5. SCOPE AND LIMITATION OF THE RESEARCH

This research is limited to single document Amharic text summarization for the news domain. It
focuses on investigating the applicability of an open source system for text summarization on
Ambharic text documents called open text summarizer. The text documents used for testing the

summarizer are sourced from online available Amharic news web pages only.

The study is not aimed to validate the applicability of the output of the study in other domains
other than Amharic news text documents. It also does not aim to produce Amharic stemmer.
Lack of standard corpus and standard ideal summary hindered to exactly measure the

performance and compare it with other developed summarization systems.



1.6. ORGANIZATION OF THE THESIS

The organization of this thesis is as follows. In chapter one the general introduction, the
statement of the problem, objective of the study, scope and significance of the research are
presented. In chapter two, the major concepts related to automatic text summarization, local and
global related works are discussed. In chapter three the Amharic language writing system is
discussed. The alphabets, Amharic numeric, punctuation marks, words, sentence structure and
news writing technique are described. In chapter four the methodologies used to conduct the
research are discussed. In chapter five the tasks and concepts related to the implementation of
Amharic OTS are discussed, which includes the description and requirements of the OTS,
preprocessing, architecture and the summarization process are described. In chapter six, the
experimentation using the OTS with the Porter stemmer and with Amharic stemmer, results of
comparative subjective and objective evaluation measures are presented. Finally in chapter seven

the conclusion from the findings of the research and the recommendations are presented.



CHAPTER TWO

2. LITERATURE REVIEW

In this chapter literature that are relevant to this research are revised and presented in a summary.
Moreover relevant concepts that are related to the research are also discussed. The chapter
presents explanation on the types of summaries, stages in the summarization process, selection
criteria for summarization, techniques of summarization, evaluation methods and different tools
available in text summarization. There are many research works conducted on text
summarization for foreign languages specially the English language in the past six decades.
Among the few researches done on text summarization written in local language, all are done for
documents written in the Amharic language except one which is done for Oromifa language. In
order to avoid repetition, the local researches done on text summarization are not discussed in

this chapter, hence can be referred on section 1.2 in chapter one.

2.1. TEXT SUMMARIZATION

The internet made a wide availability of information which is caused by many factors
including the rapid digitalization of paper documents, rapid internet expansion, mass
production of digital information, availability of different simple means of digitization and
technological advancements in the production and dissemination of information. The
abundance in global information raised a need for alternative ways of presenting the most

important parts in a condensed form to the users in the form of a summary.

A summary is a text produced from one or more texts. It contains a significant portion of the
information in the original text and is no longer than half of the original text (Hovy, 2002).

The two requirements a summary must fulfill are:

i. It must be shorter than the original input text and

ii. It must contain the important information of the study, as defined by the user.

As discussed in the introduction part of chapter one of this research, there are two types of
summaries based on the number of texts used as an input to the summarization process,

Single document summary and multi document summary. A summary is single document
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summary if a summary is prepared from one document only. And it is multi document

summary when a summary about one topic is prepared from many different documents.

2.2 AUTOMATIC TEXT SUMMARIZATION

The process of preparing a text summary using a computer technique in the form of abstract
or summary is referred as Automatic Text Summarization. There are many efforts done in
automatic text summarization in the past six decades. From 1955 to 1979 simple extraction
and linguistic approaches were applied (Basagic, Krupic, & Suzic, 2009). The inventor of
IBM Hans Peter Luhn was the first to use computers for information retrieval in the 1950s.
He developed many information retrieval applications including KWIC (Keyword in Context)
using three fundamental information retrieval elements: keyword, title and context. New
methods were introduced by Edmundson (1968) in automatic extracting of documents for
screening purposes. In his paper in 1968 he described pragmatic (Cue) words, title and
heading words and structural indicators as three additional components in automatic
extraction. These components dominated the frequency components in the creation of better
extracts. Edmundson (1968) also tried to develop an algorithm for automatic extraction of

summaries from a corpus (Basagic, et al., 2009).

The second categories in automatic text summarization are the 1980’s and 1990’s which
brought about the artificial intelligence approaches and renaissance (Basagic, et al., 2009).
During this time the interest of researchers shifted to multi document summarization and
extraction of summary from multimedia documents and a series of knowledge based text
summarization systems also evolved. These systems use only informal heuristics to
determine the salient topics from the text documents. The second generations of
summarization systems adapted more mature knowledge representation approach which is
based on the evolving methodological framework of hybrid classification based knowledge
representation languages like SUSY, SCISOR and TOPIC (Basagic, et al., 2009).

The initial interest in automatic shortening of texts was started during the sixties in American
research libraries where a large amount of scientific papers and books were to be digitally
stored and made searchable (Hassel, 2004). Due to the limited available memory space the

summary of the books has to be stored in the database and for those which have no summary
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on the book itself, the automatic summarization was applied to create a summary. Early
experimentation in the late 1950s and 1960s suggested that text summarization by computer

was feasible though not straight forward (Luhn, 1958).

The growth in technology both in the hardware and software has contributed greatly to the
production of huge amount of text documents. The World Wide Web coupled with the
technology advancements initiated the concept of automatic summarization again to handle

the huge corpus available digitally.

2.2.1 TYPES OF SUMMARIES
Effective summarizing requires an explicit and detailed analysis of context factors (Lloret,

2008). Sparck Jones (1998) distinguished three categories of context factors: input,
purpose and output. Each of these context factors has three groups. The features of the
input text to be summarized crucially determine the way the summary can be obtained.
The input factors are categorized further into three groups as text form, subject type and
unit; the purpose factors are categorized into three as situation, audience and use; the
output factor has also three groups: format, material and style (Jones, 1998). Each of the

group is discussed in the following sections.

1. Input Characters:

The first group in the input factors is based on Text form/document structure of the
input used, as Genre Vs Scale. The typical input Genres include novels, short stories,
non-fiction books, newspaper articles, editorials or opinion pieces, progress reports,
business reports and so on. The Scale may vary from book length to paragraph length.
In this categorization different techniques may apply to some genres and scales and
not on others (Hovy & Lin, 1998).

The second group in the input characters is based on the Specificity or subject type of
the domain of the input document which categorizes summaries as domain specific Vs
general. Domain specific summarization derives summary from documents that have
a theme related to a restricted single domain. It focuses on specific content and
outputs specific formats. It can assume less term ambiguity, idiosyncratic word and

grammar usage, specialized formatting, etc, and can reflect them in the summary
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(Hovy & Lin, 1998). A general domain summarization on the contrary, derives
summary from input texts in different domains. It makes no assumptions unlike the

domain specific summary.

The third and last categorization in the input characters in based on the Unit or size of
the input document used in the summarization which can categorize summaries into
single document Vs multi document summarization. A single document summary is a
summary that is derived from a single input document and a multi document
summary is a summary that covers the content of more than one input documents and

is usually used only when the input texts are thematically related.

Purpose Characteristics

The first group of the purpose characteristics category is based on expansiveness of
the summary as background Vs just the news summary. A background summary
assumes the prior knowledge of the reader on the general setting of the content of the
input document is poor. Therefore, it includes explanatory material like circumstances
of place, time and actors. A just the news summary contains just the new or principal
themes and assumes that the reader knows enough background to interpret the

summary in the context of the source document.

The second group of the purpose characteristics of summary usage is based on the
readers of the summaries, which can be categorized as generic Vs user focused.
Generic summaries do not target any particular group and does not focus on a special
user need. Rather address a broad community of readers. It gives the author’s point of
view of the input document by giving equal value of importance to all major themes
in the document. On the other hand user focused summaries are modified to the
specific need of an individual or a particular group and represent only a given topic. It
is also referred as topic focused or query oriented summary. It favors specific aspects
of the document and is built on top of the previously submitted user query. It favors
specific themes explicitly by highlighting pertinent themes or implicitly by omitting
themes that do not match with the user’s query. It is gaining importance due to the

prevalence of full text searching and personalized information filtering.
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The third group in the purpose characteristics of summaries is based on their function
as indicative, informative and critical. Indicative summaries provide enough content
to alert users to relevant source document so that users can select and read in depth. It
gives an indication of the principal subject matter or domain of the input document
excluding the contents. Informative summaries assemble relevant factual information
in a concise structure and act as substitutes for the source document. From reading
informative summary, one can explain what the input document is about but not what
it contains. And critical summaries incorporate opinion statements on content and

add value by brining expertise to bear that is not available from the source alone.

Output Characters

The first group in the output category of context feature is based on the characteristics
of the summary as a text derivation/format which categorizes as extract Vs abstract.
Extraction methods select the original pieces from the source document and
concatenate them to produce a shorter text as a summary. It is mainly concerned with
what the summary content should be (Dipanjan, 2007). Extracts can contain phrases
and even paragraphs in addition to a complete sentence from the document. The
drawback of this method is the lack of the balance and cohesion that is the sentences
could be extracted out of the context and anaphoric references can be broken (Karel
& Josef, 2007).

Whereas abstraction methods paraphrase in more general terms what the text is about.
The sentences are built from the existing content using more advanced natural
language processing methods after analysis of the input. It puts strong emphasis on
the form aiming to produce a grammatical summary (Dipanjan, 2007). It is difficult
for a computer program to successfully solve and provide solution to the requirements
of such approach with many limitations including language generation and human
language complexity. Most of the tools available today use the extraction method.
However the summary produced using the extraction method may not be logically

correct.

The second group in the output category is based on coherence/content-material

which categorizes summaries as fluent Vs disfluent summary. In fluent summary the
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sentences are related and follow one another according to the rules of coherent
discourse structure. It is written in full grammatical sentences. Whereas, a disfluent
summary is fragmented into individual words or text portions that are either not
composed into grammatical sentences or not composed into coherent paragraphs
(Hovy & Lin, 1998).

The third group in the output category applies principally when the input material is
subject to opinion or bias based on partiality. It categorizes summaries as neutral Vs
evaluative. Neutral summary reflects the content of the input text partial or impartial,
where as an evaluative summary includes some of the system’s own bias. This can be
either implicitly through inclusion of material with one bias and omission of material

with another or explicitly using statements of opinion.

The last group in the output category is based on conventionality/style which
categorizes summaries as fixed Vs floating. A fixed situation summary is a summary
that is created for a specific user, purpose or situation and conform to appropriate in-
house conventions of highlighting and formatting. A floating situation summary on
the other hand cannot assume fixed conventions but it is created and displayed in

different settings to a various readers for different applications.

2.2.2. STAGES OF AUTOMATIC TEXT SUMMARIZATION
Researchers in automated text summarization have identified three distinct stages topic

identification, interpretation or topic fusion and summary generation. Most systems today
embody the first stage only (Hovy, 2002).

Topic is a particular subject to write about. Topic identification, therefore, produces the
simplest type of summary. Once the system has identified the most important units,
which might be words, sentences or paragraphs, it lists them creating extract or display
them diagrammatically creating a schematic summary in whatever kind of criteria used.
The next step interpretation is fusion of concepts, evaluation and other processing. The
result of this stage is something new not explicitly contained in the input. It, therefore,

requires the system to have access to knowledge separate from the input.
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Given the difficulty of building domain knowledge, few existing systems perform
interpretation, and no system includes more than a small domain model (Hovy, 2002).
Systems include the third stage, generation to produce human readable text since the
results of interpretation are usually unreadable abstract representations and extracts are
incoherent due to omitted discourse linkages and repeated or omitted material. Each stage

is discussed in detail below.
Stage 1- Topic Identification

There are different independent modules used to perform topic identification. A score is
assigned to each unit of input text by each module. A combination module then combines
the scores for each unit to assign a single integrated score to it. According to the
summary length requested by the user, the system finally returns the nth highest scoring
units. Most systems take a sentence as a scoring unit but taking sub-sentence size is more

effective in producing summaries with more information.

The performance of topic identification modules is usually measured using recall and
precision scores by quantifying how closely the system extracted summary corresponds
to the human extracted summary. Precision shows how many of the sentences extracted
by the system were good. It can be defined as the ratio of the number of correctly
extracted sentences in both the system and human summary to the total number of
sentences extracted by the human and the system. Recall on the other hand shows how
many good sentences the system missed or failed to extract to include in the summary. It
can be defined as the ratio of the number of correctly extracted sentences in both the
system and human summary to the total number of correct sentences that are either

extracted or not by both the human and the system.
Precision = Correctly extracted/Total extracted
Recall= Correctly extracted/ Total Correct

Stage 2- Interpretation or Topic Fusion

In this second stage of summarization the topics identified as important are fused,

represented in new terms and are expressed using a new formulation with words that are
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not found in the original document. This stage differentiates extract type of
summarization from abstract type summarization systems. Since it must interpret the
input text in terms of something extraneous to the text, no system can perform this stage
without prior knowledge about the domain area of the document which is so difficult that
summarizers to date have only attempted in small way. The difficulty of building such

structures and filling them makes large scale summarization impractical.

Hahn and Reimer (2000) developed operators that condense knowledge representation
structures in a terminological logic through conceptual abstraction. To date, no parser has
been built to produce the knowledge structures from text, and no generator to produce
language from the results (Hovy, 2002). Hovy and Lin (1998) used topic signatures to
perform topic fusion. These signatures are sets of words and relative strengths of
association in which each set is related to a single headword. By automatically
constructing these signatures they overcome the knowledge paucity problem using thirty
thousand texts from the Wall Street journal and TF*IDF to identify for each topic the set
of words most relevant to it. They used these topic signatures both during topic
identification and topic interpretation to score sentences by signature overlap and to
substitute the signature head for the sentences containing enough of its words

respectively.

However, the effectiveness of signatures to perform interpretations has not yet been
shown and interpretation remains blocked by the problem of domain knowledge
acquisition. This problem will have to get a solution before summarizers can produce

abstracts.
Stage 3- Summary Generation

Summary generation is the last stage of summarization and extract summarization do not
require generation stage. When the summary content has been created, it exists in internal
notation within the computer. It, therefore, requires the natural language generation
techniques like text planning, sentence planning and sentence realization. When extracted
units are simply extracted in order of importance score or in text order, disfluencies like

repetition of clauses, named entities and inclusion of less important material may result
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which may be identified and repaired by a process of smoothing. The repair for repetition
of clauses is to aggregate the material into a conjunction, for the repletion of named

entities is to pronominalize and for inclusion of less important material is elimination.

2.2.3. AUTOMATIC TEXT SUMMARIZATION SELECTION CRITERIA
A text document contains different word categories like stop words, domain specific

words, content bearing words, etc. Stop words are words that appear so frequently in a
text document but they do not carry any message of the document. Whereas domain
specific words are words that appear rarely and are also referred as ‘read only once’.
Content bearing words are the words which carry the most important part of the
document. The summary that is extracted from the document has to contain much of the
content bearing words and has to be more representative of the document. In order to
select these words for extraction and include them in the summary, there are different
criteria that are to be considered in automatic text summarization techniques. The seven

major criteria are discussed below.

1. Position Criteria:— it is based on the fact that the position of certain text in a fixed
position like heading, title, first sentences of a paragraph and first paragraphs contain
important information depending on the text structure of different genres. The early
studies by Luhn (1959) and Edmundson (1968) presented some of these positions like
the first and last sentences to be important representative of the text. Taking the first
paragraph as a summary often gives good performance especially with news paper
articles. The first and last paragraphs of a text usually contain the introduction and
conclusion parts of the document which contains highly content bearing important

sentences. They can therefore be essential for extraction of good summary.

In order to automatically determine the best positions and quantify their utility, Lin
and Hovy (1998) define the genre and domain oriented optimum position policy
(OPP). It is a ranked list of positions of content bearing sentences that on average
produce the highest yields for extracts and describe an automated procedure to create
OPPs for given texts and extracts. The training phase of their method calculates the
product of each sentence position by comparing the similarity between the contents of

the sentence in each ordinal position with the human created summary for a given text.
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By the summation of large collection of text and abstract pairs of a given text and
normalizing it appropriately, the OPP is created. In operation, the position module
first selects an appropriate OPP for the input text. Then it assigns a score to each
sentence in order of the OPP and computes the OPP keyword list for the text. It then
assigns additional scores to sentences according to how many OPP keywords they
contain (Hovy & Lin, 1998).

Cue Phrase Indicator Criteria:- sentences containing certain words and phrases
that show importance in some genres should be extracted. Baxendale (1958)
identified two sets of phrases which are bonus phrases which indicate if a sentence is
likely to be included in a summary and stigma phrases which indicate that the
sentence should not be a candidate to be included in the summary. Bonus phrases like
in a summary, in a conclusion and superlatives such as: the best, the most important,
can be taken as good indicators of significance content. The cue phrase module gives
significance for sentences containing cue phrase with an appropriate score and
sentences that contain stigma phrase are penalized, during processing. Identifying cue
phrase is a major problem since they are genre dependent. Conclusion and abstracts,
for example, are found in scientific literature than in newspaper articles. The common
method is to identify high yield sentences in texts, compare them to the human made

abstracts and identify common phrases found in both.

Edmundson (1969) is the first to use this criterion for text analysis (Kamil, 2004).
Edmundson (1969) also observed effects of stigma words that decrease the
significance of a sentence for summary extraction and concluded that sentences
containing them should not be extracted since they are not important. Using a
manually built list of 1,423 cue phrases in a genre of scientific texts, Teufel and
Moens (1997) reported 54 percent of joint recall and precision. They have assigned a
goodness score which is positive or negative for each cue phrase manually and
explained these cue phrases signal the nature of the multi sentence rather than single

sentence rhetorical blocks of text in which they occur (Hovy & Lin, 1998).
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3. Word and Phrase Frequency Criteria:- Using Zipf’s Law of word distribution that
states: “a few words occur very often, fewer words occur somewhat often and many
words occur infrequently”; Luhn (1959) developed extraction criteria. The extraction
criterion is: if a text contains some words unusually frequently, then sentences
containing these words are probably important. However taking only the words with
highest frequency makes the system to take stop words as important units for the
extraction process. Luhn (1959) used fixed threshold to remove stop words which in
effect increased the risk of losing content bearing words and inclusion of more stop

words in the extraction process.

A common method is to create list of stop words using TF*IDF measure. It rewards
more frequent words in one text than on average across the corpus. This method was
first used in information retrieval systems to achieve query term expansion by Salton
(1988). This concept can be used in topic identification assuming that semantically
related words co-occur. The frequency of the words that occur together can be
counted rather than each word frequency, indicating the importance of its common
semantic notion in the document. In order to implement this idea, topic signature was
defined as a topic word or the head word together with a list of associated keyword

together with a list of associated pairs (Hovy & Lin, 1998).

4. Query and Title Overlap Criteria:- to score each sentence by the number of
desirable words it contains like those in the text’s title or headings and in the user’s
query, is a simple but useful method. The query method is a direct descendant of IR
techniques and is used for query based text summarization system. The sentences that
contain more of the query words get higher score than those containing a single or
less query words. The sentences with the highest score are selected to be included in

the summary together with their structural context.

5. Cohesive or Lexical Connectedness Criteria:- repetition, co-reference, synonymy,
and semantic association as expressed in thesauri are the various ways that words can
be connected. Based on the degree of connectedness of their words, sentences and
paragraphs can be scored; hence more connected sentences are assumed to be more

important. Mani and Bloedorn (1997) represent the text as a graph in which words are
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nodes and arcs represent adjacency, co-reference and lexical similarity. Cohesive
methods are based on internal structure of the input text. This lexical cohesion arises
from semantic relationships between words which allow the parts of the text to
function as a whole. The connectedness of the words can be used for summary

extraction through different techniques like:-

» Word Co-occurrence:- words that occur in common context can be related to

each other.

» Connectedness:- the text structure is represented in terms of coherence and
cohesion relations like proper name, anaphora, reiteration, synonymy and
hyponymy. Using statistical metrics the salience of words and sentences is

determined.

» Co-reference:- important words are identified in co-reference chains detected in

sentences within the document and between query and document.

» Local Salience and Grammatical Relations:- key phrases can be identified in

combination of grammatical, syntactic and contextual parameters.

» Lexical Chains:- occurs between pairs of words and over sequences of related
words. Strong chains can be created using lexical relations which is determined
from lexical database. These strong chains help to identify the important

sentences.

Discourse Structure Criteria:- a sophisticated variant of connectedness involves
producing the underlying discourse structure of the text and scoring sentences by their
discourse centrality (Lin & Hovy, 2002). Using an algorithm to learn the optimal
combination of scores from centrality, based on the shape and content of the
discourse tree, Marcu’s (1998) system does almost as well as human summarization
for Scientific American Texts. Marcu’s (1998) system is based on the fact that texts
are not simply flat lists of sentences; they have a hierarchical structure, one in which

certain clauses are more important than others (Hovy & Lin, 1998). After parsing the
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hierarchical structures and identifying the important clauses, and kept the most

important clauses discarding unimportant ones (Hovy & Marcu, 2005).

By adopting rhetorical structure theory which postulates approximately 25 relations
that are signaled by cue phrases and binds clauses together if they have certain
semantic and pragmatic properties, Marcu (1998) produced the text’s discourse
structure (Hovy & Lin, 1998). Most of the relations are binary and can be nested
recursively. One of the binary relations is that having a principal component which is
the nucleus and a subsidiary component which is the satellite. A text is only coherent
if all its clauses can be linked together. The link is under a single relation, first in

local sub-trees and then in progressively larger ones.

A constraint satisfaction algorithm is used by Marcu (1998) to assemble all the trees
and employ several heuristics to choose among the trees. He then discards the least
salient material by traversing the discourse structure top down to produce an extract
summary. He combined the discourse structure paradigm with other surface based
methods like cue phrases, discourse tree shape, title words, position method and so on.
Using an automated coefficient learning method, he finds that the best linear
combination of values for all these methods. Evaluation of the system on newspaper
articles and on scientific American texts shows that the resulting extracts approximate

human performance.

Combination of Various Module Scores:- Researchers have found that no single
method of scoring performs as well as humans do to create extracts (Hovy, 2002).
Combining methods improves scores significantly, since they rely on different kinds
of evidence. There are different methods of finding a combination of function
automatically, however there is no obvious best strategy. Kupiec, Pedersen and Chen
(1995) trained a Bayesian classifier by computing the probability that any sentence
will be included in a summary, given the features paragraph position, cue phrase
indicators, word frequency, upper-case words and sentence length. In their
experiment they found that the paragraph position feature gives 33% precision and

the cue phrase indicators 29% individually but gave 42% when combined.
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2.2.4. TECHNIQUES OF AUTOMATIC TEXT SUMMARIZATION
As discussed in the previous section, the classical method is based on the selection of
statistically the most frequent words in the input document to be included in the summary.
Another method is based on the position in the text, paragraph and so on. The other
methods use outstanding parts of the text like titles, subtitles and leads with the
assumption that sentences containing these words are better candidates for the summary.
Methods based on entities are grounded on techniques allowing us to acknowledge
linguistic units amount the mass of alphanumeric symbol strings which need lemmatizers,
morphological parsers and part of speech taggers (Sharan, Jain, & Imran, 2008). For
example the same string might belong to different parts of speech like ‘plant as noun or
verb’, and different strings might be instances of the same part of speech as ‘plant and

planted’.

The techniques in automatic summarization are classified in three major families. These
are: 1) Based on the surface where no linguistic analysis is performed; 2) Based on
Named Entities in the input text where there is some kind of lexical acknowledgment and
classification and 3) Based on discourse structures where some kind of structural
processing (like linguistic) of the input document is required. The simple methods based
on structure take advantage of the hyper textual scaffold of an HTML page. More
complex methods using linguistic technology resources and techniques might build
structure that will allow the relevant parts to be extracted. It is clear that when creating a
text using fragments of a previous original, reference chains and, in general, text cohesion,

is easily lost (Sharan, et al., 2008). A brief discussion of each method is presented below.

1. Cut and Paste Method
It is a domain independent single document summarization method developed by Jing
(2000). The most important sentences from the input document are extracted in the
first stage, to give an output of a list of key sentences. These are edited by the cut and
paste generation component by simulating two revision operations. The first one is
sentence reduction which removes nonessential phrases from an extracted key
sentence which gives a shortened version of the extracted sentence. It uses multiple

sources of knowledge like lexical information, syntactic information from linguistic
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databases and statistical information from corpus to enhance the selection of the
sentence that has to be removed or has to be left in the extraction. The second one is
the sentence combination module which merges the output of the sentence reduction
module. Based on the phrases and sentences to be combined the rule based
combination module can apply various combination operations. By using an
automatic summary sentence decomposition program, the training corpora for the two

revision operations is constructed.

Extracting Sentence Segments for Text Summarization

The method extracts sentence segments to produce a summary, as proposed by
Chuang (2000). The method first breaks sentences into segments using special cue
markers. Then the summarizer using an algorithm is trained to extract important
sentences and finally a sentence is segmented by a cue phrase. In a complex sentence
with two clauses, the main segment is called the nucleus and its subordinate segment
is called satellite and is connected to the main segment by some kind of rhetorical
relation (Sharan, et al., 2008).

Lexical Chains for Text Summarization

It describes lexical chain identification in a given text by extracting sentences to form
summaries. It was suggested by Barzilay (1997), Chan (2005) and Lei (2007). A
lexical chain is a set of semantically related words in a text. These relations between
words are stored in WorldNet database and words that appear as nous in the
WorldNet entry are chosen. Three kinds of relations are defined: 1) Extra strong
relation that is between a word and its repetition, 2) Strong relation which is among
two words that are connected by a WorldNet relation, and 3) Medium Strong relation

which is when the link between the sunsets of the two words is longer than one.

Three steps are followed to construct lexical chains. The first one is to select a set of
candidate words. Then the second one is to find an appropriate chain for each
candidate word. And the third one is to insert the word in the chain and update it if it
is found in the previous step. The strongest chains among those produced by the
algorithm have to be identified in order to obtain the summary for a given input text.

Then the full sentences are extracted from the original text.
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4. The Pyramid Method

This is a new approach developed by Nenkova (2004) and is based on summarization
content units (SCUs). When making a summary as different people include various
information SCUs highlights what people agree on. These units are sub-sentential
content units not bigger than a clause and are taken from the human made summary.
It contains a label that shows the meaning of the content units in a concise sentence.
The SCU is defined by identifying semantically similar snippets and grouping them
into common label. Each SCU has a weight corresponding to the number of
summaries in which it appears and the SCUs of the same weight are partitioned in a
pyramid. Each pyramid has as many tiers as the number of the model summaries. The
score of a summary is calculated as the ratio of the sum of the weights of its SCUs to
the sum of the weights of an optimal summary with the same number of SCUs
(Sharan, et al., 2008).

5. Trainable Summarizer
It was developed by Kupiec (1995) and also Jen Yuan (2005) and was influenced by
Edmundson (1969) extraction system. It extracts the sentence based on a discrete
feature set as sentence length cut off feature, fixed phrase feature, paragraph feature,
thematic word feature and uppercase word feature. Let s be a particular sentence, S
the set of sentences that are in the summary and F1, F2..., Fk the features. The
probability of being included in the summary for each sentence is calculated based on
the k given features Fj: j=1....k which can be expressed using the naive - Bayes rule
as (Sharan, et al., 2008):

P((Fl,FZ Fk)l S € S) P(S € S)
P(s€S|F,F, ..F,) =
LRz etk P(F,,F, ..F,)

Assuming statistical independence of the features
1, P(F;|s€S)P(s€S)
/' P(F )

P(S ES|F1lF2 Fk) =
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Where P(s € S) is a constant and the probability of a feature to be in a sentence given
by P(Fj| s € S) and the probability of a given feature given by P(Fj) can be estimated
directly from the training set by counting occurrences.

This gives a simple Bayesian classification function that assigns for each sentence a
score that can be used to select sentences. Paragraph feature, Sentence length cut off
feature, fixed phrase feature and thematic word feature are the heuristics utilized in
this method.

2.2.5. EVALUATION TECHNIQUES

Summaries are task and genre specific and so user oriented that no single measurement
covers all cases (Hovy, 2002). Evaluating summaries and automatic text summarizations
systems is not a straightforward process. A good extractive summarizer has to find the
relevant information for which the user is looking as well as to eliminate the irrelevant
one. It is then crucial to evaluate the system on the way it is able to identify how well it
can extract the pieces of articles that are relevant to a user (Massih, Nicolas, & Gallinari,
2005).

Summary evaluation methods attempt to determine how adequate or how useful a
summary is relative to its source document. There are two types of summary evaluations
as defined by Sparck Jones and Galliers (1996), which are intrinsic and extrinsic.
Intrinsic evaluation can be defined as measuring output quality only in which users judge
the quality of summarization by directly analyzing the summary. Extrinsic evaluation, on
the other hand, is defined as measuring user assistance in task performance. In this type
of evaluation, users judge a summary’s quality according to how it affects the completion
of some other task. Most of the existing evaluations of summarization systems are

intrinsic.

Donaway, Drummey and Mather (2000) showed how summaries receive different scores
with different evaluation measures or when compared to different but equivalent ideal
human summaries. By comparing several intrinsic and extrinsic evaluation methods on
the same extract summaries, Jing and Mckeown (1999) found high consistency in the
news genre for fixed length short summary. By calculating n-gram overlaps between

systems generated summaries and human summaries, Recall Oriented Understudy for
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Gisting Evaluation (ROUGE) is also used for summary evaluation. The high level of
overlap indicates a high level of shared concepts between the human summary and the
system generated summary. Extractive approach of summarization enables the use of

precision, recall and F-measure as an evaluation measures for automatic text summaries.

During the evaluation of summaries and summarization systems, there are two properties
of summary that must be quantitatively measured. One of these measure is the
compression ratio (CR) which analyses how much shorter the summary is than the
original input text. CR is calculated as the ratio of the length or summary to length of full
text. The other measure is the retention ratio (RR) which analyses how much information
is retained in the summary. RR is also referred as omission ratio and is calculated as the
ratio of information in the summary divided by the information in the full input text. A

good summary has small CR closer to zero and large RR values closer to one.
CR=Length of the summary / Length of the Input text
RR=Information in the summary / Information in the Input text

In the following paragraph the different kinds of evaluation techniques are briefly
discussed based on the two summarization evaluation categorizations intrinsic and

extrinsic evaluations.

2.2.5.1 Intrinsic Evaluation
Intrinsic evaluation is done by creating an ideal summary for each of the input texts
and comparing it with the summary of the summarizing system. It is done either by
measuring the similarity of the content by sentence or phrase recall and precision
measures or by simple word similarity (Pembe, 2010). Some evaluators use more than
one measure and take the average of the scores obtained from each. However none of
the measures are entirely satisfactory since there is no only one correct ideal summary
for any given document. There are seven different intrinsic evaluation methods and

are discussed as follows.
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1. Summary Coherence
The extraction based methods that use cut and paste operations on phrases,
sentences or paragraph might result in a summary part extracted out of context
which results in coherence problem. This can be measured by having humans
rank summary sentences for coherence and compare the ranks with the scores for

reference summaries or source sentences.

2. Summary Informativeness
By comparing the system generated summary with the input text being
summarized analyzing how much of information from the input is represented in
the summary, infomativeness of the summary can be measured. Or in an
alternative, the generated summary can be compared with a reference summary
measuring how much information in the reference summary is present in the

generated summary.

3. Sentence Precision and Recall
Precision and Recall are standard measures for information retrieval in terms of
sentences. Precision measures how many of the sentences in the system generated
summary are in the reference human summary. And recall for sentences measures
how many of the sentences in the human summary are extracted in the system
summary. The main problems with these measures for text summarization is that
they are not capable of distinguishing between many possible, but equally good
summaries and that summaries that differ quite a lot content wise may get very

similar scores (Hassel, 2004).

4. Sentence Rank
Sentence rank is a more fine grained approach than precision and recall (Hassel,
2004). The sentences in the input text are ranked so that those with the highest
rank could be worthy to be included in the construction of the reference summary.
Then by using correlation measure the system generated summary can be
compared with the constructed reference summary. Sentence rank is mainly

applied to extraction based summaries.

27



5. The Utility Method (UM)
The UM allows reference summaries to have extraction units like sentences,
paragraphs and so on with fuzzy membership in it. All the units of the input text
and the confidence value for each of the units for their inclusion in the summary
are kept in a reference summary. It can be further expanded to allow extraction
units to apply negative support on one another by the units which are useful in
evaluating multi document summaries. In the case of one sentence making
another redundant, it can automatically penalize the evaluation score, i.e. a system
that extracts two or more equivalent sentences get penalized more than a system
that extracts only one of the aforementioned sentences and a less informative
sentence like a sentence that has a lower confidence score (Hassel, 2004). Unlike
precision and recall measures, this method allows summaries to be evaluated at
different text compression rates and it is useful mainly for evaluating extraction

type of summaries.

6. Content Similarity

This method can be applied to evaluate the semantic content in both extraction
summaries and abstracts. The vocabulary test is one content similarity measure
that uses standard information retrieval methods to compare term frequency
vectors calculated over stemmed or lemmatized both extraction based summaries
or true abstracts and reference summaries of the same sort (Hassel, 2004).
Controlled thesauri and synonym sets created with latent semantic analysis or
random indexing can be used to reduce terms in the vectors by combining the
frequencies of terms deemed synonymous thus allowing for greater variation
among summaries which is especially useful when evaluating abstracts (Hassel,
2004). These methods are very sensitive to negation and word order differences
which can be mentioned as their disadvantage.

7. BLEU Scores
The concept in this evaluation method is that there may be many equally good
summaries for a given source text document. They may be different in the unit

choice or order of presentation even if they use the same unit. Lin and Hovy
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(2003) have applied this method using automatically computed accumulative n-
gram matching scores between ideal summaries and system summaries as
performance indicator. Position independent content words were used in forming
the n-grams and n-gram matches between the compared summaries. Direct
application of this method, however, does not always give good results (Hassel,
2004).

2.2.5.2 Extrinsic Evaluation

Extrinsic evaluation measures the efficiency and acceptability of the system summary
to achieve some task. For a summary that has instructions, the extent of following the
instruction and the result achieved can be measured. Information gathering in large
corpus, the time and effort required to post edit the system generated summary for
specific task, and summarization system’s impact on a system of which it is part of,
are some other possible measurable tasks. Measures like time spent and accuracy
obtained during these tasks are used to assess the quality of the summary (Pembe,
2010). Though the extrinsic evaluation is easy to motivate, it has a problem. The
major problem in is to ensure that the applied metric correlates well with the task
performance efficiency.

There are many game-like scenarios that have been proposed as methods of
evaluation of summaries such as the Shannon Game, the Question Game, the

Classification Game and Keyword Association which are discussed below.

1. The Shannon Game
It is the variant of Shannon’s (1948) measures in information theory which
attempts to quantify information content by guessing the next token to recreate the
original text. Three groups of informants are asked to reconstruct important
passages from the input text having seen either the whole text, generated
summary or nothing from the text in each of the three tests. Using the number of
wrong guesses wg and total guesses tg, the ratio R can be calculated as: R=wg/tg.
The information retention is measured in number of keystrokes it takes to recreate
the original passage (Hassel, 2004). This evaluation is dependent on the person

doing the guessing. This makes it implicitly related to the reader’s knowledge and
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can be taken as a disadvantage of the evaluation. The measure increases with

increased knowledge of the domain, language, and so on.

The Question Game

It measures approximates the information content of the summary by determining
how well it allows readers to answer questions drawn up about the input text
(Hovy, 2002). The purpose of this evaluation is to test the readers’ understanding
of the summary and the summary’s performance to convey key factors of the
source article. Set of questions are created based on what is considered principal
content of the text by one or more people before proceeding with the game
process. It has two steps incurring out the evaluation task. First the testers read
and mark key passages in the input text. Then they create questions that relate to
the factual statements in the key passages they have identified. Assessors answer
these questions three times: 1) without reading any related text, 2) after reading a
system summary and 3) after reading the input text. At the completion of each
round, the questions answered correctly are tallied and compared to compute the
quality of the summary. A summary that includes the key concepts of the input
text should enable to answer more questions better. That is, it will have closer

score for both the summary and the input text.

The Classification Game

In this evaluation classifiability of the system is compared by asking assessors to
categorize the input text documents (testers) or the summaries of the text
(informants) into one of N categories (Hovy, 2002). Then the correspondence of
classification of summaries to source text document is measured. A good

summary should be classified into the same class as its source.

Keyword Association

This method relies on keywords associated manually or automatically to the input
documents. It is a shallower evaluation approach and is inexpensive. A good
summary contains the central concept of the text being summarized since the
keywords associated to the article are content indicative. The main advantage of

this evaluation is that it does not require bulky manual representation.
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2.3 GLOBAL RESEARCH

Research in ATS begun in the 1950s, Luhn (1958), following the surface level approach and
in the 1960s, by Edmondson (1969), following entity level approach. In the 1970s the first
commercial applications were developed and discourse based approaches begun to be used.
Artificial intelligence concept based entity level approaches begun to appear in the 1980s. All
the three approaches were taken into consideration in the 1990s both for research and
commercial purpose. Research on multi-document, multilingual and multimedia
summarization systems started during this decade. The highly grown public access to texts on
the web and better evaluation programs for summarization systems are the great impacts of
the 2000s. There are many automatic text summarization systems developed either for

commercial purpose or found online for free. The major systems are presented as follows.

The first automatic text summarizer is SweSum, which is developed for Swedish language
that summarizes Swedish news text in HTML format on the internet. It is a system to system
comparison against a model summary and based on statistical, linguistic and heuristic
methods. The system calculates the frequency of the key words in the text, in which
sentences they appeared, and the location of these sentences in the text. It is mainly a
Swedish language automatic text summarizer, also supports plug in lexicons and heuristics
for other languages which includes English, Danish, Norwegian, German, Spanish, French,

Italian, Greek and Farsi languages.

The other major system is Summarist, which is an attempt to develop robust extraction
technology and then continue research and development of techniques to perform abstraction.
It produces extract summaries in five languages. The MEAD summarizer is also a
summarization system available now in the public domain. It is developed for query based
application. The relative ease of adapting scripts and modules to customize it to new
summarization system can be taken as the advantage of Perl. The open text summarizaer is
among the major smmarizers. It is an open source tool for summarizing text. Since it is used

in this research, it is discussed in detail in chapter 5.

Kify online text summarizer uses text semantic indexing and some mathematics. The
summarizer decides which parts of a document are important by analyzing the content.

Automatic text summarizer is also another online text summarization tool. Intellexer
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Summarizer 3.1 is a commercial summarization tool and is an innovative program for
computers that it creates a short summary from any document or a browsed web page.
Pertinence summarizer is also a commercial summarization tool that performs linguistic
processing over a document and evaluates the pertinence of its sentences. Quicklist
summarizer 1.2 is another summarization tool that is capable of highlighting summaries of

web pages directly on the browser windows.

2.4 AUTOMATIC TEXT SUMMARIZATION FOR LOCAL LANGUAGES

There are quite a few researches conducted locally at the school of graduate studies,
department of information science at the Addis Ababa University. These researches are

briefly discussed in chapter 1 on section “1.2 statement of the problem”.
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CHAPTER THREE

3. AMHARIC WRITING AND MORPHOLOGY

In this chapter the Amharic language writing and morphology are discussed. The Ambharic
alphabets, numbers, punctuation marks are briefly explained. The word classes, formation and
morphological structure of Amharic words are discussed. Phrases and sentence structures and

types are also described. Finally the different ways of writing Amharic news are discussed.

3.1. INTRODUCTION

Ambharic is one of the “Ethio-Semitic” languages belonging to the Semitic branches of Afro-
Asiatic languages and is related to Hebrew, Aramaic, Arabic and Syrian. It is the second
most populous Semitic language next to Arabic and has its own writing alphabets and
numeral symbols. Amharic has been a written language for roughly 600 years (Adane, 2011).
A wide variety of Amharic literatures including books, religious writings, fiction, poetry,
plays, and magazines are available both in printed and machine readable format (Solomon,
2011).

Like other Semitic languages such as Arabic, Amharic exhibits a root pattern morphological
phenomenon and also it uses different affixes to create inflectional and derivational word
forms (Martha, 2010). The Amharic word classes are nouns, pronouns verbs, adjectives,
adverbs, prepositions, and conjunctions (Mersehazen, 1934). Interjections and numerals are
also part of the Amharic writing and are also discussed in this chapter. The Ambharic
language has phrases like verb phrases, adjectival phrases, adverbial phrases and
prepositional phrases (Mesfin, 2001).

3.2. AMHARIC WRITING SYSTEM
Writing system is the use of symbols to represent the sound units of a language
systematically (Daniel, 2003). The writing system for the Amharic language was adopted
from the Ge’ez writing system, which belongs to the class of the Semitic language family and

used to be the literature language of Ethiopia in earlier times (Bender & Hailu, 1978). The
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widely used Ethiopic alphabet, which is derived from the writing system of ancient South
Arabian inscriptions, is used for Ge’ez, Amharic, Tigrigna and other Semitic languages
(Solomon, 2011). The Amharic writing system includes different characters for alphabets,
numbers and punctuation marks (Abiyot, 2000), which are discussed below.

3.2.1 AMHARIC ALPHABETS

The Amharic alphabet called “Fidel”, has thirty three characters which occur in one basic
form. Each of these characters has six additional forms referred to as orders which follow
regular pattern of vowel usage. Each of these orders uses a consonant and a vowel to
represent a phoneme, which makes Amharic syllabic writing system as explained by
Bender (1976). Hence such languages require as much number of characters as the basic
sounds used in the language, thus Amharic has 233 different characters and nearly 40
more other characters. Most labialized consonants are basically redundant, and there are
actually only 39 context independent phonemes (mono-phones); of the 275 symbols of
the script, only about 233 remain if the redundant ones are removed (Asker, Atelach,
Gamback, & Sahlgren, 2007).

The 233 Amharic characters are comprised of all the alphabets from Ge’ez language and
additional some new alphabetic characters that represent sounds not found in Ge’ez like
“F,emy &,°7T, 0,0, 0, and 1 (Solomon, 2011). The 40 additional characters contain
special feature representing labialization like “7/ gwe” from “1/ g&”, “®/ qwe” from “#/
qé4”, “4/ lud” from “A/ 18” and “a/ gud” from ““1/ ga” (Bender, 1976). However only
around 20 of the 40 more characters are common and are listed as an appendix on the
character list called “Yefidel Gebeta”. Each symbol in the alphabet represents a

consonant together with its vowel (Bethlehem, 2002).

There are seven vowels in Amharic alphabets ““&/4, &/u, Ai, A/a, k/e, 4/_, and A/0” which
are based on their point of articulation grouped as Peripherals “&/u, A/i, 4/a, &/€, and A/0”
and Central vowels “A/&4 and &/ ” which are mostly used than the peripherals. The other
idea worth mentioning is that two consonants can appear in the middle or at the end of
words in a cluster whereas clusters at the beginning of the word are very restricted in

which “A/ " is used.
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3.2.2 AMHARIC PUNCTUATION

There are 17 punctuation marks in the Amharic writing system (Abiyot, 2000). However,

only few of them are practically used, especially in Amharic computer writing system

(Theodros, 2003). For example the punctuation that separates words in Amharic text

“vo0t 1170/ hulet netib” which looks like a colon “:* is hardly used in current Amharic

writings being replaced by an empty space. The sentence separator for Amharic text

writing is four dots arranged in a square sequence as ‘:’ and is referred as “aé-t 111/ arat

netib”. The comma equivalence punctuation in Amharic is “imA (ZH/ netela serez” which

is symbolized as ‘z* used to separate lists. The equivalence of the semi colon which is

used to separate phrasal lists or compound sentences is referred as “&C A4MH/ dereb serez”

which is denoted by the symbol “z’. Punctuation marks like the question mark ‘?” and the

exclamation mark ‘!’ are borrowed from the English language and used in Amharic

language for the same purpose as they are used in other foreign languages (Bender, 1976).

The lists of punctuation marks that are used in the Amharic language which is adopted
from (Ager, 1998-2013) is presented in Table 3.1 below.

Punctuation Mark Description Punctuation Mark Description
B Comma Question mark
(no longer used)
Word Separator
Full stop (Empty space is
mostly used now)
H Semi-colon « » ]
Quotation Mark
. Colon ! Exclamation
Mark
- Preface colon ? )
Question Mark

Table 3.1 Punctuation marks used in Amharic language

3.2.3 AMHARIC NUMBERS

The number system in Amharic writing has 20 single characters which represent numbers:

ones (1/a up to 9/g), tenths (ten/1 to ninety/3), hundred (¥) and ten thousand (&). These

characters are derived from Greek letters and are modified to look like the Amharic
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characters by adding a horizontal line on top and bottom of each character (Bender, 1976).
The Amharic number system, however, does not have any representing symbol for zero
value and it does not use any decimal points and commas. As a result arithmetic
computation is very complicated using the Amharic number system. It is mainly used in
calendar dates to show the dates in the Ethiopian calendar. Using the Amharic suffix “-
A%’/ -a4gna” on the cardinal numbers, their ordinal number equivalents are formed like
“v-0\F/ hulat”/ ‘two’ forms “v-A+4%/ huldtdna”/ ‘second’. There are numerals that are used
to indicate distribution and partitions of something whole like “v-at+ v-A-+/ hulat hulat”/
‘two two’ and “1970/ gemash”/ ‘half’, “(.0/ siso”/ ‘one third’, “Asl/ rub”/ ‘quarter’
(Daniel, 2003).

3.3. AMHARIC WORD CLASSES

There are different researches done to study the linguistic characteristics of Amharic which
categorize the words differently. Mesfin (2001) grouped the researches in to two as early and
recent works. The early works such as Mersehazen (1934) categorized the Amharic words
into the following eight parts of speech (POS): Noun, Verb, Adjective, Adverb, Preposition,
Pronoun, Conjunction and Interjection (Daniel, 2003). Whereas recent works like (Baye,
1998) classified the words under five parts of speech: Noun, Verb, Adverb, Adjective and
Preposition. The pronouns and conjunctions are included under noun and preposition
categories, respectively. Interjections are not considered as part of speech at all, since they

are words without syntactic functions (Daniel, 2003).

Any Ambharic word can be categorized in any one of the above recent classes. However one
has to consider the context of some words to properly categorize them into the word classes.
For example the word “AN0/ abdbd” which means “it flourished” can be either a proper name
and categorized as a noun or a verb representing its meaning in the context of the sentence it
is used. Other names like “A?A/ Ayald”, “hng/ Kabada”, “nea/ Bakala”, etc. can also be
taken as an example with the same feature. Prefixes like “0/ bd”, “fhA/ s_l&”, etc. can be

considered as both conjunctions and prepositions.

According to Williams (1981) there are two methods that can be used to identify lexical
classes of a word to solve the problem of the prefix categorization. One is by Morphological
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analysis which considers the type of suffixes a given word takes. Amharic nouns, for
example, do not take “-4F/ -4ch” as a suffix while perfective verbs do. The other one is by
Syntactic analysis which is considering the position of a word in a given sentence. From the
sentence structure of the Amharic language we can see that verbs do not come at the
beginning of a sentence as the first word and nouns do not come at the end, provided that the

sentence is a declarative sentence (Baye, 2000 E.C.).

3.3.1 NOUN
These are words used to identify or name a class of people, places, things, ideas, etc. or
any member of these classes (Daniel, 2003). It usually consists of common pronouns and
proper nouns that usually take the “-Af/ -och” and “-ne” as a suffix for plural and for
accusative case marker. A noun can be identified either morphologically if it can take the
above suffix or syntactically if it comes after demonstrative pronouns or modified by
adjectives. Amharic nouns can be either primitive or derived. Primitive nouns are words
that exist in their original form. And derived nouns are nouns that originated from
different state or completely different categories. For example, the noun “?Z0,/ gordbet”
which means ‘neighbor’ can be taken as primitive noun and “2Z0,t1t/ gorébetndt” which

means ‘being neighbor’ can be taken as derived noun.

3.3.2 VERB
These are words that usually come at the end of a declarative sentence which is
grammatically complete in Amharic language. This is an important property of the
Ambharic verbs (Baye, 2000 E.C.). In order to grammatically agree with the subject of the
sentence, they usually take subject maker suffixes as “-v~/ -hu” for ‘I’, “-v/ -h” for ‘He’,

“~F/ -ch” for ‘She’, and so on.

3.3.3 ADVERB
Adverbs refer to places, time, circumstances, etc. of the action which is represented in the
verb of the sentence (Daniel, 2003). In Amharic, adverbs that are found in their primitive
form are very few and they do not attach any kind of affixes. Therefore, phrases that are
combinations of prepositions and some other words like nouns (e.g. “07424/ ba-hay I”

which means ‘by force’) or prepositions and adjectives (e.g. “0Lvs/ bdad&hna” which
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means ‘well”) perform the functions of adverbs in the language. Moreover there are
adverbs of position which are known as Noun Adverbs that function either as a noun or
as an adverb depending on the context they are used in (Daniel, 2003). For example, the
word “@-a/ w_st” in “@of @Ot 10/ wadd w_st gdba” which means ‘He entered inside’ is
used as a noun while in “0@-O0r 204/ bd-w_st yasaral” which means ‘He works in” it is
used as an adverb (Atelach, 2002). The most common adverbs in Amharic include “14/
géna” which means ‘still’, ““fA°/ tolo” which means ‘quickly’, “A7£15/_ndagéna” which
means ‘again’, “h¢4’/ k fugna” which means ‘severely’ and “e»9%/ menagna” which

means ‘foolish’ (Getahun, 1998).

3.3.4 ADJECTIVE
Adjectives in Amharic sentence come before nouns and serve as modifiers of nouns
which follow them. For example, consider the sentence “Ad- ANg° 20H AP 1@+ _su batam
gobdz |_j ndw”/ ‘he is a very cleaver boy’, where there are two adjectives “0Ng°/ batam”/
‘very’ and “0'H/ gobéz”/ ‘cleaver’. The adjective “0Mg®/ batam”/ ‘very’ modifies the
adjective ““20M/ gobdz”/ ‘cleaver’ and the adjective “?0H/ gob&dz”/ ‘cleaver’ in turn
modifies the noun “a%/ 1 j”/ ‘boy’ (Tesfaye, 2002). Just like nouns, adjectives also can

be primary which are very small in number or derived.

3.3.5 PREPOSITIONS
These are words that will have meanings only when they are attached to another word or
are used together with other word classes like nouns, verbs and adjectives. The Amharic
prepositions includes affixes like “h/ ka”, “a/ 187, “¢/ y&”, “0/ b&”, “aa/ sld” and so on
which stands for ‘from’, ‘for’, ‘that or of”, ‘with’ and ‘about or for’, respectively. They
are used to form adverbial phrases that appear preceding nouns and take various forms.
They can appear as simple preposition that stands alone as a word or as a prefix to a word.
For example, in the phrase “0A o»H.$/ S_la musica” which means ‘about music’ the
preposition “0A/ s_|&” appears as a word. Whereas, the preposition “(1/ ba” appears as a
prefix to the noun “4.a/ fards”/ *horse’ in the phrase “04..0/ b&-fards” which means ‘by
horse’ and as a prefix to a verb in the phrase “0eea; ba-mdta” which means *wish he
comes’. However, when they are prefixed to verbs they form different types of

subordinate clauses that are typical components of complex sentences (Daniel, 2003).
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Prepositions can also appear as compound prepositions consisting prepositional prefixes
and post positions with a noun in the middle as in “ha0+ 2C/ kd-abatu-gar” which means

‘with his father’.

3.3.6 CONJUNCTIONS
Both subordinating and coordinating conjunctions are included in this class and are used
to harmonize words, phrases, clauses and sentences. The major examples are “®g79°/
wayn_m”/ ‘or’ and “A%/ e na”/ ‘and’. Some words or affixes like “01/ b&”, “tA/ s_I&”, “h/
k&” might be used both as conjunctions and prepositions which creates a problem to take
the two classes as separate POS. however it can be resolved by carefully analyzing the
context of the words used.

3.3.7 INTERJECTIONS
These are words or phrases that can stand alone or appear anywhere in a sentence. They
are used to express emotions like anger, sudden surprise, happiness, annoyance, pleasure,
satisfaction and so on (Atelach, 2002). <7t/ Gosh!”/ ‘Good job!’, “?/ wa”/ which is used

as ‘becareful’, “@-&/ w_y”/ ‘ouch’ can be mentioned as examples.

3.4. AMHARIC WORD FORMATION
Ambharic words are believed to have a Mono-. Bi-, Tri-, Quadric-, Quiniqui- or Sexi- radicals
consonantal roots that carry their semantic information or meaning (Bender & Hailu, 1978).
For example: “Sa”/ ‘desire’ which is Mono- radical; “+@-/ tdiw”/ ‘leave’ which is Bi-radical;
“anc/ sabr’/ ‘break’ which is a Tri- radical; “10-017/ gdlb t”/ ‘turn over’ which is a Quadric-
radical; “A077C/ -§ kénatt-r-” / ‘throw away violently’ which is a Quinqui- radicals
(Tesfaye, 2002). However, like most Semitic languages, tri-radical verbs are the most

common basic types in Amharic language.

According to Mullen (1988), there are three processes in Amharic word formation. 1) The
creation of verbal stems which are formed by infixing vocalic melodies into consonantal
roots. 2) The production of fully inflected word forms from stems is the next process. This

formed verbal stem goes through inflectional process for different grammatical contexts like
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gender, tense, number and so on. 3) Cliticization in which fully inflected verbal stems attach
Clitics on the word (Mullen, 1988).

The following example shows the three steps in word formation (Tesfaye, 2002):
Consonantal root: “OMC/ sbr”/ ‘break’;

Stem formation: “0-1C/ sbr” + “A/ &” = “a0c/ sabbar-"/ ‘broke’

Inflection: “anc/ sabbar-> + 2" person, singular, masculine (“h/ -k) = “anch/ sabbark”/
‘you broke’

Cliticization: “anch/ sabbérk” + 1* person, singular, object maker (““&7%/ -&nn”) = “anch/

sébbark&nn”/ ‘you broke me’.

The Ambharic language has a highly complex morphology (Nega & Willett, 2003). This is
due to the different morphological and phonological processes involved with the formation of
words. However, observing the pattern in the morphs makes it easy to understand the
morphological structure of the language. Different affixes are used in the creation of
inflectional and derivational word forms. However, from the Amharic parts of speech verbs,
nouns and adjectives are important and undergo both derivation and inflection. Most function
words in Amharic, such as conjunction, preposition, article, relative marker, pronominal
affixes, negation markers are bound morphemes, which are attached to content words
resulting in complex Amharic words composed of several morphemes (Sisay, 2005). These

morphological patterns are discussed in the following sections.

3.4.1 DERIVATIONAL MORPHOLOGY
The derivational morphological process is the formation of words from words that belong
to other parts of speech. As discussed in section 3.4 of this chapter, Amharic has one up
to six radicals or roots that are the set of consonants that carry the basic information or
meaning. A pattern which is also referred as the vocalic element consists of vowels
which are inserted among the consonants of the root (Martha, 2010). According to
Bender (1976) affixes are combined with this pattern to form a single grammatical form,
which also could be another stem as described by Baye (2000 E.C.). Usually the form
taken by the stems of a particular class is indicated by a sequence of Cs and Vs, called
template like CVCCVC, CCVC and CVCC which represent the perfective, jussive and
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imperfective stems of a tri-radical verb respectively (Martha, 2010). The derivation of

verbs, nouns and adjectives is discussed below.

1. Verbs — can be either simple verbs which are derived from roots by intercalating
vowel patterns or derived verbs which are derivatives of simple verbs. It is not
common to derive verbs that carry the basic lexical meaning from other part of speech.
However, verbs can be derived from nouns by taking the consonants only that is
intercalating vowel patterns and taking them as a root word (Anbessa & Hudson,
2007). For example, the verb “er101/ mé&gabd”/ ‘he fed’ is derived from the noun
“gv91/ m-g-b”/ ‘food’.

The penultimate radical of a verbal stem where gemination pattern takes place, is very
important part of the verb. Based on the gemination patter of this radical, verbs are
grouped into three types. In type A verbs, the penultimate radical geminates in perfect
tense only; in type B, it geminates irrespective of the verb forms; and in type C, it
geminates in both perfect and imperfect verb forms (Martha, 2010). Except in type C
verbs which use the vowel “a” after the first radical, in all Amharic verbs the vowel
‘““A/ &~ is intercalated among the consonants. The appearance of any other vowel in
the root of a verb shows the reduction of weak radicals and glides. The use of “&4/ a”
vowel in root forms shows the reduction of the consonants “v/ h” and “f/ 2”7, “4/ 0”
vowel shows the reduction of “@+/ w” and “A/ € vowel shows the reduction of “&/ y”.
When weak radicals “@+/ w, &/ y, v/ h,/fi/ ?” and ““0i/b and ¢/r”” appear in verbal roots

it shows existence of a vowel “A/ &”.

2. Nouns — can be either primitive nouns which are words that exist in their original
form or derived nouns which originate from different state or completely different
categories. Nouns can be derived from stems, other nouns, adjectives or infinitive

form of a verb by adding affixes or intercalation.

I. To derive nouns from other nouns the following affixes are used. Suffixes: “-#t/ -
nat”, “-R5/ - gna”, “-ht/ -at”, “-+%/ -tdgna”, “-5/ -gna”, “-h®/ -awi” and prefix:
“0A-/ balé-".

ii. To derive nouns form adjectives, the suffixes used are: “-1t/ -nat” and “-At/ -at”.
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iii. To derive nouns from verbal roots is complex than the others which involves
intercalation and affixation. The intercalation of the vowel “I” after the first or
among the root consonants derives a noun which can also be a bound morpheme
that can form other nouns by adding affixes. Agent nouns are derived using
“Alé-h/a” pattern and “I” as a suffix; Nouns of manner can be derived by
prefixing “A-/ a-” to the stem which is formed by duplicating the penultimate
radical and intercalating the pattern “A-A-A/ &-a-&”; Infinitive/ Verbal noun is
derived by prefixing the morpheme “ov-/ ma-” to the jussive verb stem; and the
instrumental noun is derived by suffixing “-~¢/ -iya” to the infinitive (Martha,

2010).

Iv. The last way of forming nouns is by the compounding words either without the
use of any morpheme as in the word “A7€¢ AGt/ _njara _nat”/ ‘stepmother’
which combines “A7€¢/ _njéra”/ ‘Ethiopian bread’ and “AS“F/ nat”/ ‘mother’ or
using the morpheme “A/ &” as in the word “(L+ aP2h&1” betd matsahaft™/ ‘library’

which combines “0L7F/ bet”/ ‘house’ and “ovah&/ matsahaf”/ ‘book’.

3. Adjectives — just like the formation of nouns, adjectives can be derived from stems,

nouns or verbal roots by adding affixes and by intercalation.

EE 1Y

I. To derive adjectives from nouns the following suffixes are used: “-49°/ -am”,

A5/ - gna”, “-A®/ -awi” and “-A77/ -ama”.

ii. To derive adjectives form verbal roots there are two ways; one by intercalation of
the vocalic elements ““A-h/ 8-a”, ““A-A/ 8-8”, “A-A/ &-i” and “A/ u” to the root

consonants and the second is attaching the suffix “-4/ -a” to bound stems.

iii. By compounding other parts of speech like nouns and other adjectives using the

compounding morpheme ‘““A/ &”, adjectives can be formed.

3.4.2 INFLECTIONAL MORPHOLOGY
1. Verbs — according to Baye (2000 E.C.) verbs are inflected for person, gender,

number, tense, aspect and mood. Amharic verbs are grouped in to two based on
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aspect as perfect and imperfect. The following table summarizes the subject marker

morphemes that are used on verbs.

Subject Marker Morpheme for
Inflectional Marker for
Perfective Verb Imperfective Verb

1% Person “tr/ -ku” or “-u+/ -hu” “h-| -7
2" Person “n/ -k” or “v/ -h” o) 17
3" Person “TRI-&” “@-/ y-”
Gender “/ -h” or “-1i/ -sh” “h-el”
1° Person Plural “7/-n” “7/-n”
2" Person Plural “ b/ -U” “hf -U”

Table 3.2 Subject Marker Morphemes

The third person subject marker morpheme “-&/ -&” always comes after stem verbs
which might be followed by object marker morphemes. When both subject and object
markers come together the order is stem - subject marker -object marker. These object
markers can be direct or prepositional like “A-/ 18- and “0-/ b&-”. For example
“Aavp\7/ amatalgn”/ ‘he brought for me’ and “AgeM-0"/ amatabgn”/ ‘he brought on

me, without my will” shows the use of the propositional object markers.

Ambharic verbs can show four moods which are declarative, interrogative, negative
and imperative. On the other hand, the Amharic tense can be categorized as past and
non-past. The Past Amharic tense is of three types. 1) Simple past which indicates
that an action is completed in the past without specifying the time of completion; 2)
Recent past which is formed by using the auxiliary verb suffix “-Ad\/ -al” on a stem to
show a completive aspect of the verb; and 3) Remote past is formed when the

auxiliary verb “10C/ n&b&r’/ ‘was’ is used.

The Non-Past Amharic tense in turn is formed by using the auxiliary verb suffix “-Ad\/
-al” attached with the imperfective stem. Due to the time ranges from present to
future in these kinds of sentences, the tense of the verb can be either of the two. This
can be clearly presented by using adverbs of time in the sentence. The use of the
prefix “A?-/ _y&-” attached to a verb indicates a continuous tense either past or present.
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2. Nouns — in Amharic nouns are inflected for case, number, definiteness and gender
marker affixes (Martha, 2010). Three cases for nouns are identified: nominative
which is identified by its location in a sentence since it always precedes accusatives
and the subject markers attached on the verb; accusative which is formed using the
suffix “-7/ -n”; and genitive which is formed using the case maker suffixes shown in

Table 3.3 below or using the prefix “¢-/ ye-".

Person . Singular . Plural
Vowel Ending | Consonant Ending

1% -2/ -ye -l e -w17/ -achn
2nd
Masculine -v/ -h -hv/ -lh -htu+/ -achu
Feminine -t/ -sh a0/ -1s
Polite -2/ -wo -2/ -wo
3rd
Masculine -+ -w -A/ -U -WFo-
Feminine -P/-wa -P/ -wa
Polite -wFo+/ -achaw | -AF®-/ -achw

Table 3.3 Case Marker Suffix for Nouns (Martha, 2010)

Ambharic numbers are of two types singular and plural and the suffixes used to inflect
nouns for numbers are “-aF/ -och”, “-47%/ -an” and “-&t/ -att”. In Amharic some
words use the plural form of the Geez language, which is another Semitic language
spoken mostly in the Ethiopian Orthodox church mostly in the northern part of
Ethiopia. The plural forms of the Amharic words inherited from the Geez language
are formed either by vocalic changes or reduplication. For example the plural form of
the noun “Ag°Ah/ amlak™/ ‘god’ is “aA%?aht/ amalkt” and “A704/ anbéssa”/ ‘lion’ is
“hGN0t/ anabest” which are formed by vocalic changes and the plural form of the

noun “&0/ qus”/ ‘thing’ is “®Aa¢n/ qusaqus” which is formed by reduplication.

Amharic nouns can be grouped as definite and indefinite where the latter is
sometimes expressed using the numeral “A7& /and”/ ‘one’ since there is no special
indefiniteness marker. However, bound morphemes are used as definiteness markers
for nouns. These are “-A/ -u” for masculine nouns ending with consonant and “-¢/ -w”
those ending with vowels. Whereas for feminine nouns the morphemes used are “-¢/ -

wa”, “-Askl -itu” and “-AP/ -itwa” or “-P/ -wa”, “-8k/ -yitu” and “@+¢P/ -yitwa” for
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those ending with consonant and vowel, respectively. For plural nouns the
definiteness marker morpheme used is “A/ -u” by coming after the plural marker of
the noun. However, when an adjective comes before a definite noun, the definiteness

marker is attached on the adjective.

Two genders are represented in Amharic that differentiates in the second and third
person. These are masculine which has no gender marker morpheme and Feminine
for which the gender marker morphemes “-A-F -it” and “-Ack/ -itu” are used.
Additional gender markers for nouns are also used such as the definite article “-@+/ -w”
for masculine and “-¢/ -wa” for feminine; demonstrative pronoun like “@v/ yeh” for
masculine and “@u/ yehech” for feminine; the verb which refers to a noun by using
the suffix “-&/ -1” for masculine and “~/ -ch” for feminine; and gender specifying
words like “@7%2/ wand”, “t0é+/ tdbaat”, “A®¢/ awra” and “A0/ aba” as in “A0DE/
abawadra ” indicates masculine and “a1/ set”, “aArvt/ _n_s t”, and “A91/ ema” as in

“ATim¢s.) emawara ” indicate feminine gender in a sentence.

3. Adjectives — just like the way nouns inflect, adjectives also inflect for case, number,
definiteness and gender. Since the same inflectional character is observed there is no
need to repeat what have been discussed above. Please refer to the discussion under

inflection for nouns.

3.5. AMHARIC PHRASE CATEGORIES

A Phrase is constructed from a combination of two or more words that convey a complete
meaning in a given language. There are five Amharic phrase categories: Noun Phrase (NP),
Verb Phrase (VP), Adverbial Phrase (AdvP), Adjectival Phrase (AdjP) and Prepositional
phrase (PP) (Baye, 2000 E.C.). Based on the word class a given phrase contains, each of
these phrase categories can be of two types: simple and complex. Simple phrases are those
that are constructed from one word class and Complex phrases are those that are constructed

from two or more word classes.
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3.5.1. NOUN PHRASE (NP)

In Amharic phrases, NP is a phrase where the head word is a noun or a pronoun. The
simple NP contains a single noun or pronoun and a complex NP contains a noun referred
as head and other constituents which can be complements, specifiers, adverbial and
adjective modifiers (Baye, 2000 E.C.). Let us, for example, take the NP “¢ ¢+¢ 7k TaP
PAC (Lt ya yat nan_tu t | k yésar bet” which means “that yesterday’s big thatched
house”. In this phrase “ya”/ ‘that’ is a specifier, “¢+4 7t/ yat_nan_tu”/ ‘yesterday’s’ is an
adverbial modifier, ““Fa®/ t 1 k”/ ‘big’ is an adjectival modifier, “?Ac/ yésar”/ ‘thatched’
is also an adjectival modifier specifying the material from which the object named by the
“0t/ bet”/ ‘house’ is made of and “0F/ bet”/ ‘house’ is the head noun (Daniel, 2003). In
this NP the word “Ac/ ydsar”/ ‘thatched’ is also referred as a complement of the head
noun which makes it not to be treated like the rest of the modifiers. For the above
example we can formulate the grammar rule as: NP_Specifier - AdvP — AdjP which can
be rewritten as NP =NP-N.

3.5.2. VERB PHRASE (VP)
Verb phrase is a phrase where the head is a verb and contains other constituents like
complements, modifiers and specifiers (Atelach, 2002). For example, consider the phrase
“Necn oL 714 10/ bé fardsa wada hageru gaba” which means ‘(he/it) entered to (his/its)
country by horse’. In the phrase “04.40/ ba farédsd” / ‘by horse’ is a prepositional phrase
that modifies the verb to show manner, “®f 714/ wada hageru”/ ‘to (his/its) country’ is
also a prepositional phrase that modifies the verb to show place and “10/ géba”/ ‘entered’

is a verb. The grammar rule for the given example is: VP=PP- PP- V.

3.5.3. ADVERBIAL PHRASE (AdvP)
Adverbs in Amharic are used in many constructs such as indicators of degree, in location
phrases, to show the manner in which something is done, the time of something, or the
frequency of something, etc (Atelach, 2002). Adverbial phrase is composed of one or
more adverbs as a head. Consider the following example: “052& +P*/ bd_hayil tdwagu’/
‘they fight strongly’. The word: “0»24/ b& hayil”/ (strongly) is the head adverb which

form the adverbial phrase and “t+P71/ tawagu”/ ‘they fight’ is a verb. The grammar rule
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for the example is AdvP_Adv-V. If the phrase contains two adverbs like “dm?7 d.m7%/
fatane fatane”/ ‘quickly quickly’, the grammatical rule is: AdvP=Adv-Adv.

3.5.4. ADJECTIVAL PHRASE (AdjP)

Adjectival phrases are composed of head adjective and constituents like complements,
modifiers and specifiers. Consider the phrase “¢ amg® »2A5 AP/ ya bdtam hay_legna
lij”/ ‘that very strong boy’ as an example. The component “¢/ ya”/ ‘that’ is a specifier,
“amge/ batam™/ ‘very’ is a modifier that modify the level of the head adjective “22A%/
hay legna”/ ’strong’ and “&%/ lij”/ ‘boy’ is a noun. The grammatical rule for the phrase
is: AdjP_Spec-Adv-Adj-noun.

3.5.5. PREPOSITIONAL PHRASE (PP)

3.6.

Prepositional phrases are composed of a head preposition and constituents like nouns,
noun phrases, verbs, verb phrases, and so on. Consider the phrase “A78 @& 11772/ end&
waf basamay’/ ‘like a bird on the sky’ for example. In the phrase, “A7£/ endd”/ ‘like’ and
“0/ ba”/ ‘on’ are both prepositions that form prepositional phrases by joining with the
nouns “@%/ wWaf’/ ‘bird’ and “07¢/ sdmay”/ ‘sky’ that follow each of them. The
grammatical rule for the given phrase in the example is: PP_PP-PP, since the whole PP is
a combination of two PPs which are constructed from preposition and noun PN_P-N. The
structure, however, is dependent on whether the preposition is a prefix or a suffix. For
example, consider the phrase “@Z++ A%/ wérdqgét lay”/ ‘on paper’ where the preposition
“ag/ lay”/ ‘on’ comes after a noun “@Z++/ waragat”/ ‘paper’ which makes the structure

PP_N-P.

AMHARIC PREFIXES ON VERBS IN CLAUSE FORMATION

Amharic has a number of prefixes and suffixes that attach on stems in a concatenating

manner and even two or more of affixes could also come together. Amharic verbs thus take

affixes in either end before or after the verb as prefix or suffixes. Various suffixes on verb

stems are usually subject and object makers and represent grammatical categories of nouns

like number, gender, aspect, person and tense. Based on the function they perform Amharic

verbal affixes can be categorized as clause markers, negative markers, subject markers or the

imperfect stem and derived verb prefixes (Daniel, 2003). Clause marker prefixes are used in
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clause formation as indirect object indicator “A-/ |1&-"/ ‘to’, relative clause marker “¢/ ya-”/
*’s’, reason clause “0A-/ s_l&-"/ ‘for’, time clause “Afih-/ eskéd-"/ ‘until’ and conditional clause

“h-/ k&-"/ ‘from”’.

3.7. AMHARIC SENTENCE STRUCTURE

A sentence is a set of words or phrases that combine to form a bigger phrase that convey a
complete meaning. Amharic the basic characteristic of the syntactic structure of Amharic is
Subject (S) — Object (O) — Verb (V) which gives it a characteristic that modifiers in Amharic
generally precede the words they modify (Atelach, 2002). A sentence usually is a
combination of two phrasal structures a noun phrase and a verb phrase that follows it. All the
remaining phrase types are found within one of these two main phrasal components. Based
on the number of verbs that are used in the sentence construction, sentences can be classified

in to two groups as simple sentences and complex sentences.

3.7.1. SIMPLE SENTENCES
Simple sentences are those that contain a noun phrase as the subject of the sentence and a
verb phrase which contains the predicate. For example, consider the sentence “¢ (L TAP
1@+ ya bet tilk nd&w” which means ‘That house is big’, where “¢ L/ ya bet”/ ‘that house’
is a noun phrase and ““Fa® 1@y tilik ndw”/ ‘is big’ is a verb phrase. When the
morphemes like “-@./ -wu” comes with a verb, it refers to definiteness and indicates the
number of the object and subject of the sentence (Daniel, 2003). The morpheme that
indicates the subject always precedes the morpheme that indicates the object. For
example, in the sentence “/hS A%7 Aeef@-/ hanna lijun améatachw™/ ‘hanna brought the
boy’, the morpheme “~F/ -ch” indicates “hanna” the subject is a girl and the morpheme “-

@+ -w” indicates the object “A%.%/ lijun”/ ‘the boy’ of the sentence.

According to Baye (2000 E.C.), simple sentences are classified in to four groups as
declarative sentences, interrogative sentences, negative sentences and imperative
sentences (Baye, 2000 E.C.).

1. Declarative sentences are used to show feelings and ideas that the constructor of the

sentence reflects about physical things, mental feelings, real or imaginary things, etc.
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2. Interrogative sentence are those that question about the subject, the complement or
what action the verb specifies in sentence using Amharic pronouns like “0%t/ s nt”/
‘how many’, “9°7 fuéd/ men yahel”/ ‘how much’, “97%/ man”/ ‘who’, “¢-/ yat”/ ‘where’,
“g7877/ m_nden”/ ‘what’ and “oE/ méche”/ ‘when’. These interrogatives can further be
joined with prepositions to give interrogative prepositional phrases. Example: “h/ k&/
‘from’, “a/ 187/ “to’, “a9°7%/ 1a_mn”/ ‘why’, etc.

3. Negative sentences are created when a declarative statement that was made about
something is negated. The prefix morpheme “Aé-/ al-” when used on verbs of the
sentence, it makes it negative. For example, in the sentence “dev-hd Adaramg®;, Samuel
al_mdtam”/ ‘Samuel did not come’, “hé-/ al-” makes the negation on the verb “e>1y
méta”/ ‘he comes’ and the suffix “-9°/ -m” is used to indicate the gender and number of

the subject on the negated sentence which is masculine third person singular.

4. Imperative sentences have a second person pronoun as a subject which is represented
by the suffix on the verb of the sentence. Usually imperative sentences communicate

instructions to the subject of the sentence.

3.7.2. COMPLEX SENTENCES

3.8.

Complex sentences are sentences constructed using any combination of the simple or
complex phrases like noun phrase, verb phrase or adjective phrase but not all of the
phrases pattern can be of simple phrase type in a sentence. They are used to convey
complete ideas like simple sentences but unlike simple sentence they are composed of

complex phases (Atelach, 2002).

AMHARIC WRITING STRUCTURE

So far we have seen the structure of Amharic language parts and their construction to form a

sentence. In this section the style of Amharic writing are discussed.

Proper Amharic writings have “AChtt/ ar st/ ‘Title’, “ove(Lf/ mdgbia”/ ‘Introduction’,

“Yt2/ hatata” ‘Body or Detail” and “or£9°L9.¢/ madamdemia”/ ‘Conclusion’ parts. Except

the title, the rest are presented in one or more paragraphs “A7$&/ ankéts”. Each paragraph

usually discusses one principal idea in detail. The principal idea “»2A-$d/ haild-kal” may be

49



found either in the first, middle or last sentence of the paragraph. Based on the location of the
principal idea, there are three kinds of paragraph writings. 1) Upright triangular paragraph -
is when the principal idea is located at the first sentence of the paragraph and the discussion
follows. 2) Inverted triangular paragraph - is when the principal idea is located at the last
sentence of the paragraph after the discussion is made. 3) Diamond shaped paragraph type -
is when the principal idea is stated at both the beginning and ending sentences and the

discussion in the middle sentences of the paragraph.

News articles tend to put the most important information in the beginning to grab the
attention of readers and a good ending. A good ending gives a rounded out feeling to a story
especially if the end makes reference to information in the lead. Amharic news articles then
have a title which is a sentence or two and different paragraphs that are introduction, body
and conclusion. They may or may not have subtitles and encourages the use of the title words
in the body since the news article concentrates on the title. News articles are usually written
in the third kind, Diamond shaped, writing style. The structure follows uniform pattern which

encourages the use of location heuristics in extraction of representative elements.
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CHAPTER FOUR

4. RESEARCH METHODOLOGY

In this chapter the methodology used to understand the concept behind, customize the system,
test corpus preparation, implementation of the system to Amharic news article summarization
and evaluate the output of the systems are discussed. The type of research methodology followed
is Quantitative method of research. To achieve the objectives of the research the following

methodologies have been used in each major tasks involved in doing the study.

4.1 LITERATURE REVIEW
Relevant literature that focus on text summarization especially open source system of
summarization, automatic text summarization, Amharic text summarization and Ambharic
language writing techniques specifically news writing techniques, Amharic stemming rules

and other useful documents were reviewed.

4.2 AMHARIC LANGUAGE LEXICON GATHERING
The OTS tool requires a dictionary file to be prepared for each language and saved in .xml
format as a rule for processing by the tool in preparing the automatic summary. The Amharic
language lexicon is therefore prepared by gathering from different articles, books and online
sources as explained in chapter 5 of this thesis. The prepared list includes punctuation marks,
numbers, synonyms, stop words, abbreviations, compound words, affixes, same sounding
alphabets and list of words inherited from foreign language that are written in different forms.
The Amharic synonym list is prepared using systematic random sampling, by taking two
words from each alphabet in Amharic. In addition to the stop words gathered from different
articles, 43 more stop words are extracted from the news corpus using a tool written in

Python programming language that counts the frequency of occurrence of words.

4.3 CORPUS PREPARATION
To prepare the Amharic news corpus different Amharic news websites were checked. Forty
news articles are gathered from the Ethiopian Press Agency — Addis Zemen newspaper,
Walta Information Center and The Reporter — Amharic newspaper web pages. The selected

articles are from different news categories that include economy, politics, sport, social life,
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health and entertainment. From these news articles thirty are selected for the purpose of this
study. The selection is made by taking those having sentences from 30 to 127, so that it is not
too short or too long but can be relatively compared with the manual summary. Then the
thirty articles are grouped in to three, based on the number of sentence each contains, as:
short article (SA), medium article (MA) and long article (LA). Each of these groups contains
10 articles. The selected articles are preprocessed which includes removing tables, pictures,

web links, changing the font types to Geez and saving each article in a .txt file.

4.4 CUSTOMIZATION OF THE OTS
The customization process of the OTS for Amharic news article summarization has three
stages: requirement analysis, system design and implementation. Each of these are discussed

as follows.

4.4.1 Requirements of the system
Since the open text summarizer tool is a language independent tool, the major
requirements of the tool are the language lexicons that are incorporated in to the
dictionary file. These lexicons are the list of Amharic punctuation marks, abbreviations,
compound words, list of Amharic synonyms, list of Amharic stop words and Amharic
affixes. Moreover, the writing rules for parsing and tokenization are also identified for

Ambharic and integrated into the OTS tool.

4.4.2 System Design
The OTS is an open source tool and does not have an installable format. It however has a
simple interface that runs on C# or C++. For this research, the C# version is downloaded.
Visual studio 2010 is installed to run and customize the tool. First the user interface is
customized by adding some additional features and Amharic labels. Then the code is
made to include the Amharic language writing rules like end of sentence mark, “x”. Then
the tool customization process is continued in two sessions for each of the two
experiments carried in this research. For the first experiment the OTS is customized to
include the Amharic language writing rules and all the prepared lists mentioned above in

section 4.2 in the rules list inside the dictionary file. For the second experimentation, an
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4.5

Ambharic stemmer designed by Tessema (2007) is integrated in to the OTS tool in place

of the Porter stemmer which makes use of the dictionary file.

4.4.3 Implementation
The customized two systems using the two different stemming algorithms are
implemented separately. Using these systems, 90 summaries are extracted from the 30
selected news articles in 10%, 20% and 30% extraction rate. A total of 180 automatic
summaries were extracted for the 30 articles which are separately saved and evaluated

using the techniques discussed in section 4.7 of this chapter.

MANUAL SUMMARY PREPARATION
For the purpose of evaluation an ideal summary is prepared manually by experts in the news
domain based on a guideline prepared to rank the sentences of a given article. Four experts
were involved in this process, one from WIC, one from FBC and two from AAU journalism
masters of art (M.A) students. The guideline for the summary preparation is composed from
(Melese, 2009) and (Girma, 2012). The summary is prepared on different compression rate at
10%, 20% and 30%. This is used during the evaluation process to measure the performance
of the customized systems by comparing the automatically generated summary with the
corresponding manual summary. The same ideal summary is used in both experiments to

evaluate the summaries generated by the systems.

4.6 SUMMARIZATION TECHNIQUE AND TOOLS USED

As described in the literature review part of this paper, there are different approaches to text
summarization. In this research a single document text summarization using extraction
technique is applied. The Windows version of the open source summarization tool, open text
summarizer, written in C# which was modified by (Gohr, 2013) is used in this research. The
original tool was developed by (Rotem, 2003). Since the windows version of the OTS is
designed in C#, visual studio 2010 is installed and used to run the tool. The two experiments
were conducted using different stemmers: the Porter stemmer inside the OTS and Amharic
stemmer developed by (Tessema, 2007). In order to conduct the objective evaluation of these
experiments, a simple evaluation tool that implements F-m is developed. For the table and

graph preparations MS-excel and for the report writing MS-word are used.
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4.7

EVALUATION TECHNIQUE
Once the customization of the Open Text Summarizer tool is finalized and automatic
summaries are generated for Amharic text documents, evaluation of the output of the
automatic Amharic text summarizer is done in two ways. The first one is subjective
evaluation which involves checking whether the automatic summary makes sense
linguistically, grammatical correctedness, coherence and structure. For this evaluation a
guideline is prepared for the evaluators to follow while evaluating the summaries. The
evaluation was done by two experts and the average of the two scores is taken. The second
evaluation is done by comparing the automatically generated summaries with the manually
prepared summaries and calculating the standard effectiveness measure of evaluation, F-
measure. The evaluation tool designed using C# is used to evaluate the summaries
objectively F-m as a performance measure. The score is given in percentage from hundred
for each summary. The evaluation observations are discussed and conclusions are drawn

based on the findings.
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CHAPTER FIVE

5. IMPLEMENTATION OF AMHARIC OPEN TEXT SUMMARIZER

In this chapter, the open text summarizer and its customization to support Ambharic text
summarization are discussed. The open text summarizer (OTS) is an open source tool which can
be downloaded for free and used for different purposes related to summarization. The description
of this tool, the procedures it follows in the summarization process, its effectiveness in
summarizing text documents, preprocessing involved to make it work for Amharic language, the
process based system architecture and the summarization process are discussed in this chapter. In
order to accomplish the task of summarizing news text document, the tool has different
requirements that must be specified in an “.xml” file format. These requirements and the
procedures involved with their preparation are also presented in this chapter. The tool is
available in a C# library format and has a simple user interface which is modified using visual
studio 2010 C# programming language. Finally the description of the summarization process

involved with the execution of the OTS for Amharic news articles is explained step by step.

5.1 INTRODUCTION

The Open Text Summarizer is chosen for this research as a tool to make automatic summary
of Amharic news articles that are gathered from Walta Information Center, Ethiopian News
Agency and Reporter news paper. The OTS which is an open source summarizing tool is
customized to support the Amharic text documents by incorporating some features in the
“xml” file to make the Amharic text summarization more effective and efficient. These
modifications include: providing the rule based list of Amharic stop words, abbreviations,
synonyms, as well as stemming and punctuation rules. The OTS lacks documentation written

in booklet, journal article, book or even “help file” form. A brief description about OTS is

available only at http://libots.sourceforge.net/ and the readme file of the OTS library function,

which are both used as a source for the description about OTS in this paper.
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5.2 DESCRIPTION OF OTS

5.2.1 WhatIs OTS?

The Open Text Summarizer is an open source tool for summarizing text documents that
is available on the internet and can be downloaded for free. The free software foundation
gives unlimited permission to copy, distribute and modify the OTS library functions
(Dom Lachowicz & Rotem, 2008). The original OTS is a language independent tool
designed for the UNIX platform and only supports the “.txt” file format. According to
Rotem (2003), OTS ships with Ubuntu, Fedora and other Linux versions. For Windows a
modified version of OTS source code is available in visual C++ and visual C#. For this
experimentation, the OTS written in visual C# is used. The original OTS does not have a
standard user interface but it can be designed by a user (Yatsko & Vishnyakov, 2007),
hence the modified tool by Gohr (2013) has a simple interface that runs on visual studio.

OTS is both a library and a command line tool where word processors like Abiword and
KWord can link to the library. The command line tool lets to summarize text on the
console. The original OTS supports summary extraction for 25 languages and also it
works with UTF-8 code (Rotem, 2003). However, the dictionary folder of the web
interface version of the OTS tool now contains “.xml” files for 37 languages, which
includes 12 more languages than the original version which are not mentioned on the
webpage. In order to add a new language, a dictionary of stop word list containing up to

150 or more words has to be prepared and included in the *“/dics” folder of the OTS tool.

The web-interface version ! of the OTS supports 37 different languages and 9
summarizing ratio percentages (Gohr, 2013). It has a better user interface than the
original OTS where a user can copy and paste a text to be summarized in the input space
provided or insert a URL link of the location of the text to be summarized. It also gives
the option for the output to be either in a summary or keyword listed form which is
displayed to the user in an output box on the same page with efficient speed. This page is
tasted for English documents during this experimentation and it was found to be effective

and satisfactory in producing summaries for English text documents.

! available on the URL http://www.splitbrain.org/services/ots
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5.2.2 How OTS Works?
Since the tool is language independent, it uses different general rules to produce a good
summary for a given text. The major assumption in the OTS is that the important ideas in
a text are described with many of the same words whereas redundant information uses
less technical terms and is not related to the main subject of the article (Rotem, 2003).
Sentences that are related to the subject of the article are considered to be important
where the subject of the article is the list of ideas that are most discussed in the article. In
addition to statistical word frequency and sentence position methods for sentence grade
scoring, it incorporates NLP techniques via language specific lexicons with synonyms,
abbreviations, punctuations, stop words and rules of stemming and parsing for a given

language.

OTS uses sentence extraction mechanism considering the key word frequency and
sentence position methods. It uses statistical word frequency methods to score sentences
that are beforehand parsed and incorporates an English language lexicon with synonyms
and cue terms (Boudin, Torres-Moreno, & Velazquez-Morales, 2008). This, however, can
be modified for another language that is designed to use this tool. OTS does not work on
books because they cover too many topics, however each page may be fed individually,
this will produce a good result (Rotem, 2003). Moreover, because of their writing
structure and content, OTS cannot produce a good summary for poems and other kind of

literatures which are not standard text documents.

The size of the summary generated by OTS is determined by the percentage of the
sentences in the input text document. Once the summarization process begins, OTS does
not supply the user with an opportunity to input or change the vocabulary (list of the key
words) on which the summarization is based (Yatsko & Vishnyakov, 2007). In the
summarization process, the program reads a text document and decides which of the
sentences are important to represent the document and which are not. The most
representative sentences are then selected for the summary of the text which can be either
printed in a separate text document or in HTML form where the sentences that are

important are highlighted in different color.
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The tool scans an article and parses the words using the “parser”, list of rules that are
listed in the dictionary file. The parser rules include rules for “line break” to indicate the
end of a sentence and “line don’t break” to indicate the rules of punctuation that does not
show the end of a sentence. It includes another list of rules to handle compound words.
The list under the “depreciate” makes compound words to be considered as one word by
deleting the space in between and consider them as one word. Based on these rules the
tokens of the text document are created. These tokens are then matched with the stop
word list in the dictionary file which helps to remove all non content bearing tokens from

the list, since they are not representative of the subject of the text document.

The list of tokens after the removal of stop words are passed to the stemmer, which using
the stemming rules of the language listed in the dictionary, derives the stem of each token.
The stemmer rules include the removal of punctuation marks from the list of the tokens
using the “pre” and “post” list of punctuations that are used or attached before and after
the tokens. It also includes list of synonym words which show a list of words
corresponding to another word which are similar words in meaning and only one of each

could be used in the token list.

This is not done in the English OTS but abbreviations of words and their expanded form
can also be listed in the “synonym” rule list, so that the expanded form of each of the
abbreviations are used in the token list. The major lists in the stemming rules are the list
of affixes which are used to extract the stem of a word by removing suffixes and prefixes.
The replacing characters during the removal of some of the affixes are also listed
corresponding to the affix to be removed. Words that are exceptions to stemming rule are

also listed under the “manual” list of rules with their corresponding stem word.

The stemmed words are then used to count the term frequency for each word. After
calculating term frequencies, the tool stores the list of all words corresponding to their
frequency of occurrence separately. This list is sorted in a descending order of frequency
of occurrences. From this list, high frequency words are taken as key words that are more
representative of the document. Then grades are given to the sentences that contain these
key words, those having many of the key words get higher grades. The sentences are then

ranked based on their grade for importance to be included in the summary. Finally, those
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sentences having highest grades are selected based on the percentage of summarizing the
text document. That means, to produce 15% summary, for instance, the top 15% of the

total sentences with high grade score are taken.

According to Rotem (2003), Porter stemming is about 90% accurate for the English
language which increased the effectiveness of the OTS. Stemming makes the
summarization process more effective by enabling the OTS to consider the stem of the
different word forms. That is, it helps to take the stem word for all the different
derivatives of that word and consider them as the stem word in the sentence where the
derivatives are found. So that those sentences containing the derivatives could also get

score of containing the key words.

5.2.3 Effectiveness of OTS
The quality of a summary can be interpreted in terms of its Coherence, Informativeness,
Non redundancy, Referential integrity and Relevance. Coherence is the connectedness of
the summary sentences. Informativeness is the extent of the key ideas in the manual
summary that are being included in the machine summary. Non-Redundancy is avoiding
repetition of ideas using different sentences. Referential Integrity shows the ease of
identifying the referential words, that is when reading the summary in the ranked order of
the sentences, those sentences that have referential words like pronouns and noun phrases
should be easy for the reader to identify to whom or what they are referring to in the
sentence. Relevance is the extent of the key ideas in the source text that are being covered

in the automatic summary.

In the first evaluation method by Yatsko and Vishnyakov (2007) OTS has the best
performance compared with other popular summarizing tools, as show in Table 5.1.

Name of Summarizing Tool R 5% | R10% | R15% | R20% | R25% | Dscore
ESSENCE (ESS) 8.75 10.38 | 11 10.267 | 9.3158 | 49.707
Subject Search Summarizer (SSS) | 14.5 14.5 13.64 | 12.533 | 12.263 | 67.432
COPERNIC (COP) 8.75 7.25 6.364 | 6.333 | 6.2632 | 34.960
Open Text Summarizer (OTS) 15.75 |14.88 | 13.64 | 13.133 | 12.158 | 69.552

Table 5.1 Relevance (R) and Quality (D) (taken from (Yatsko & Vishnyakov, 2007))
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In the second evaluation method used by Yatsko and Vishnyakov (2007) measuring
efficiency of the summarizing tools, OTS scored 100% with more refined testing criteria.
While ESS, SSS and COP scored 71%, 97% and 50% respectively. In their finding OTS
is more effective with higher quality for small summaries like 5% extraction. They also
found that the reference dictionary methodology which is used by the OTS proved to be

flexible, cheap and effective in producing summary for text documents.

5.3 REQUIREMENTS OF THE SYSTEM
In order to customize the OTS for Amharic text summarization, the list of Amharic
punctuation marks, abbreviations, compound words, list of Amharic synonyms, list of
Ambharic stop words and Amharic affixes for the stemmer are required to be integrated to the
dictionary files of the OTS library functions. These required components are discussed

briefly as follows.

5.3.1 List of Amharic Punctuation Marks
There are many unique punctuation marks in the Amharic language. However, quite few
of them are used in the computer writing system. Those that are never used in the
computer system include “:-, %, i, =, %”. The detail about punctuation marks is discussed
in chapter three, section 3.2.2. The list of punctuation marks which includes marks like “,

=, %%« », ¢, 17 isincluded in the dictionary rules, so that they can be removed from the

text document. And the rules involved with these punctuation marks are used in

tokenization of words and parsing of sentences in the summarization process.

5.3.2 List of Amharic Abbreviations
The languages which use a ‘dot’ to indicate the end of a sentence, suffer from the effects
of abbreviations written using ‘dots’ to separate the characters that represent the
abbreviation of a word or a phrase. This creates conflict when identifying sentence
boundaries. Since Amharic uses four dots “Aé<t 1101” as “=” for sentence separator, it
does not suffer from this type of ambiguity. However, list of abbreviations need to be
included in the dictionary to increase the word frequency of occurrence that is used in the

identification of key words and stop word removal.
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Some words which are representative of a given document might be presented in
abbreviation and in normal form in the same text. As a result they will be counted
separately as different words during the word frequency count. The list provided is used
to identify such words in Amharic to consider them as one when they appear in either
abbreviation or normal form in the word frequency of occurrence count process. The list
of abbreviations which is presented in appendix IV of this paper is taken from (Melese,
2009) and (ELSRC, 2001 E.C.). This list containing 49 abbreviations and their
corresponding expanded form, are introduced to the dictionary under the “synonyms”
rule list, since it is used to show the similar form of one word in short and expanded form.
In the English XML dictionary of the OTS, this is listed under lines don’t break to
prevent the abbreviating dots from indicating end of sentence. The list of some of the
most common Ambharic abbreviations is presented in Table 5.2 as follows.

Abbreviation | Expanded Form Abbreviation Expanded Form
T/F TeHETT AA. A%.0 AN

ao/(L, ao(15f (L A h. A W18 hCT DL ASNMC
0 TUCT b a,9v, qavt Pyt

h/n h&ea hha? A.ch. AN chdt

Table 5.2 List of some of the Amharic Abbreviations

5.3.3 List of Amharic Synonyms
Different words could be used to express the same thing or concept in a text document.
Synonyms are words or phrases that mean exactly or nearly the same as another word or
phrase in the same language. Using list of synonyms helps to identify those words which
have the same meaning and used interchangeably. By using one selected word and
identifying its synonyms as the same word; the word frequency count is increased for the
selected word. This in effect helps words to have higher value of frequency of occurrence
so that they could be used as best candidate representative words of the text document.
The list of Amharic synonyms is therefore prepared by randomly selecting words that are
more related to news writing from Ambharic dictionary (ELSRC, 2001 E.C.) and annexed
list on the poem book (Yohanes, 1990 E.C.). The words are selected from the dictionary

using a statistical random sampling, by taking two commonly used words from each
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Ambharic alphabet. A list containing a total of 91 pairs of words and their synonyms is
prepared. This list is then added to the Amharic dictionary file of the OTS. The list of
some common Amharic synonyms is shown in Table 5.3 and the whole list that was
prepared for this study is presented in appendix V.

Word Synonym Word Synonym
PP 0é-t+ ALZE AR e
avJPYC Al A% FaP
goo0C avé aNGL HE+
no7 VAT QT 8.L5.

Table 5.3 List of Amharic Synonym words

5.3.4 List of Amharic Stop Words
Stop words are non content bearing words that do not convey the conceptual or
meaningful part of the text document. They, therefore, cannot be taken as representative
words for a given text document. To generate a generic summary, nonstop words that
occur most frequently in the document may be taken as the query words, since these
words represent the theme of the document (Gupta & Lehal, 2010). Common words with
no semantic and which do not aggregate the relevant information, are eliminated using

the stop word list.

There is no standard list of stop words prepared for Amharic that could be directly used
as an input list. It is even difficult to have a list that exhaustively includes all Amharic
stop words, since stop words can be either domain dependent or independent. The
domain independent stop words can be identified from few text documents in the
language but the domain dependent ones are extracted by considering many text
documents in one domain and taking those that most frequently occur in most of the text

documents that are not unique to each document.

Since this experiment is on NEWS domain, Amharic stop words that are domain
dependent are considered in addition to the domain independent stop words of Amharic
text. For this experiment, the list of Amharic stop words for NEWS domain containing
166 words is gathered from different articles and also by testing the news articles corpus

(Which is discussed in section 6.1 of chapter 6) and taking the most frequently occurring
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words in the news articles 43 more words are added. A total of 209 stop words are

therefore included in the list of stop words.

A code written in Python 3.2 programming language is used for the purpose of
identifying the common words in the news article corpus. This is incorporated to the list
of stop words prepared for the experimentation by avoiding redundancy with the list
gathered from other literatures. In order to select these words a threshold of 20 frequency
of occurrence is used. These resulted in 155 words which contain 97 non content bearing
words and 58 content bearing words. From these non content bearing words, 43
additional stop words were found which are not included in the stop word list that is
gathered from other sources. Some of the most common and news domain based stop
words are presented in Table 5.4 and the full list of stop words used for this

experimentation is presented in appendix V1.

Common Amharic Stop Words NEWS Domain Stop Words

- A 1100 ANTTHOPA

et TNt AR 0T ANGCTPAN
(B 104 AQTIH( AnFoP
amge S Fo- A78ANCLAT AAONPHA

Table 5.4 List of the common Amharic and news domain stop words

5.3.5 Stemmer for Amharic
Stemming is the computational process of removing any affixes present in a word and
creating the stem of the word. The goal of stemming is to reduce variant inflectional word
forms and identify derivationally related forms of a word to a common base root form.
Stemming is an important analysis used in a number of areas such as information
retrieval (IR), machine translation (MT) and text classification (Atelach & Asker, 2007).
It is language dependent and should be tailored for each language since languages have a
varying degree of differences in their morphological properties (Asker, Atelach,
Gamback, Samuel, & Lemma, 2009). Moreover, Stemming has to be tailored to the
specific task it is going to be implemented for in any of the application areas mentioned

above.
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Like most Semitic languages Amharic is rich in word variants and derivative formation.
The Amharic word formation involves using prefix, suffix, infix, reduplication and
Semitic stem interdigitating (Sisay, 2005). As discussed in chapter three of this research,
most function words in Amharic like Conjunctions, Prepositions, Articles, Relative
Markers, Pronominal Affixes and Negation Markers are bound morphemes resulting in

complex words containing many morphemes.

The extreme stemming process involves removing all affixes from a word and creating
the root word from the stem obtained by taking only the consonants of the stem word.
The stemming process for Amharic words employs a minimum stem length condition
(Nega & Willett, 2002). Even if the smallest Amharic word has Mono radical
consonantal roots as we have seen in chapter 3, only words that have Tri- radicals and

more are to be stemmed so that the words can remain carrying their semantic meaning.

As we have seen in chapter 3 of this thesis, the most common prefixes in Amharic are
“e7/ ‘yd’, “n”/ ‘k&’, “a”/ ‘1&’, “an”/ ‘sl&’ and “~7L”/ ° nd&’, which are mostly used in
both verbs and nouns. In Amharic prefixes can be formed by combination of other
prefixes. For example the prefix “A%2¢”/ ° nddya’ is a combination of the individual
prefix “a%2”/ * ndd’ and “¢”/ ‘y&’ which might be used with words like “Aa728e03@-/
‘ nddyadbotaw’. This means ‘from place to place’ as in “QUA A7LeNJ @< LALLA:"/
‘Tradition differs from place to place’. The individual and combined prefixes list is
prepared and included in the dictionary .xml file for the stemmer to remove matching
prefixes from the tokens of the Ambharic text to be summarized. This list which is

presented in appendix I1.A is compiled from different sources.

The other word variant forming affixes are suffixes. The most common suffixes in
Ambaric nouns are the possession marker “-7”/ ‘-ne’, the emphasis marker “-9°”/ ‘-me’,
the object marker “-6”/ ‘-na’ and the plural marker “-#+”/ ‘-woch’. These suffixes like
the prefixes discussed above can be used either individually or in combination as shown
in Table 5.5 which is taken from (Zelalem, 2001).
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Individual Suffixes | Combined Suffixes
2T+ 7 2T

PF+7+9 PFe

PT+7+ 7 PFre

PT+q Ry

PT+q+9° Prage

PT+9+7 PTG

ST+ 9o Prge

PT+P+q PFIoq

Table 5.5 Formation of a suffix by combining other suffixes (Zelalem, 2001)

This list together with the list of the individual suffixes is presented in appendix 11.B
which is used in the .xml dictionary file of the OTS to formulate the rules of removing
suffix from the tokens of the text to be summarized. The prefix list is also used in the
same manner as the suffixes in forming the dictionary rules for the Porter stemmer in the
OTS tool.

By considering the different requirements of the OTS to carry out the stemming process,
different list of rules are prepared and incorporated into the dictionary .xml file. The rules
include the list of punctuation marks that are attached with a word either at the beginning
or the end of the word, the list of prefixes, suffixes and words with their corresponding
stems for those words that deviate from the rules of stemming. However a detailed list of
such words that are exceptional to stemming could not found during this research. A
sample of few words is therefore used just to show the possibility of including such

words into the dictionary.

This rule based dictionary file is used by the stemming algorithm which is saved under
the “libxml2.lib” file. This stemmer takes a word, removes all affixes and punctuation
marks using the list in the dictionary file, and returns the stem of the word as an output.
Words whose stem deviates from the rule based stemming process are listed manually in
the dictionary along with their stem and the stem is used directly without applying the

stemming rules on them.
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The detail description of the rules and processes involved with the dictionary file is
discussed in section “5.2.2 How OTS works” above. And the description of the general
rules of the stemmer algorithm, for rules of stemming Amharic words to their stem words
in a rule based stemming approach is presented in section 5.4.4 of this chapter. The
complete lists of the Amharic affixes that are used as an input in this experimentation for

the stemming algorithm are presented in appendix II.

5.4 PREPROCESSING INVOLVED

5.4.1 Ambharic News Article Gathering and Cleaning
The corpus of Amharic news articles is collected from the official web pages of The
Reporter newspaper — Amharic page, Walta Information Center (WIC) and Ethiopian
Press Agency (EPA) — Addis Zemen newspaper. The articles are selected from different
content categories like politics, social life, technology, business and economy, health,
entertainment and sport. This corpus is then analyzed before it is tested on the customized
Ambharic OTS tool. From the total of 40 collected articles, 30 are selected to be used for
this experimentation. The selection is made based on the size (in terms of number of
sentences) of the article. Articles that have more than 30 sentences and less than 120
sentences are selected. This lower boundary is set because it does not make sense to
summarize small size text documents and automatic summarization is not effective on
small size text. And article with more than 100 sentences is difficult for manual summary
preparation. The content of the articles is also considered as another selection criteria.
Concepts reported by more than one newspaper are considered only once in order to

avoid redundancy.

These selected articles are then preprocessed. Preprocessing includes removal of web
content noise like links, pictures and tables. Moreover, the articles are checked for
typographical errors by the assigned people to do the manual summary. This is done so
that the subjective evaluators do not consider such errors as if it is made by the system in
the summarization process. Then the cleaned articles are normalized before they are used
in the automatic summary generation by the Amharic OTS tool. The normalization

process is discussed in section 5.4.3 of this chapter. After the normalization is done they
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are used by the Amharic OTS for automatic summary extraction. The detail content
description of the selected articles is presented in Table 6.1 together with the brief

discussion in chapter 6 of this research.

5.4.2 Manual Summary Preparation
In order to evaluate the performance of the automatic Amharic summaries extracted by
the Amharic OTS in this experiment, summaries that are prepared manually by experts
are needed. The automatic summary is checked with the human summary using the
selected evaluation criteria. The cleaned articles were given to experts from WIC, Fana
Broadcasing Corporation (FBC) and Addis Ababa University (AAU) journalism
postgraduate students to prepare a manual summary by ranking the sentences of the news
article in the order of importance with numbers from 1 up to N, where N is 35% of the
total number of sentences in a given article under consideration. Since the maximum
summary extraction percentage selected for this experiment is 30%, the manual ranking
of sentences is made to be up to 35% of the total number of sentences. This is to have
some extra ranked sentences, in case there are errors in ranking like ranking phrases
rather than a sentence or omission of sequential number. By concatenating the ranked

sentences in the ascending order of their rank a meaningful summary is extracted.

A guideline is prepared based on five different criteria to rank the sentences of a given
news article for ideal summary preparation, which is attached in appendix VIII of this
thesis. These criteria are Informativeness of the sentence by including the core ideas of
the news article; Coverage which is the scope of the sentence in covering the most
important topics presented in the news article; Non-Redundancy which is avoiding
repetition of ideas using different sentences so that consecutive sentences would not carry
the same meaning; Referential Integrity which means that those sentences that have
referential words like pronouns and noun phrases should be easy for the reader to identify
to whom or what they are referring to in the sentence; and Coherence which is the smooth
flow of information about a topic in consecutive sentences rather than having unrelated

sentences.

The sentences ranked according to these criteria are arranged in ascending order to

prepare a summary. Based on the selected percentage of the total number of sentences in
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the article, a summary of M% is extracted. For this experiment M is selected to be 10%,
20% and 30% in both the automatic and manual summary. That is if a news article to be
summarized has 50 sentences, a 10% summary is composed of the top 5 ranked sentence,
a 20% summary is composed of 10 top ranked sentences and so on. These manual
summaries prepared are then used to evaluate the accuracy of the automatic summary

extracted by the Amharic OTS as discussed in chapter 6.

5.4.3 Normalization of Amharic Characters
To make the summarization process effective by enhancing the text processing involved
in this experimentation, normalization plays an important role. It increases the
effectiveness of the process of stop word removal, matching of abbreviations and
synonyms, stemming, word frequency of occurrence counting and the key stem words
matching in sentence selection. According to Seid and Mulugeta (2009), normalization of
Ambharic characters has improved the Amharic Question Answer System they developed
by 12%. This shows the importance of normalization in Amharic text processing. The
preprocessing includes normalization of the Ambharic characters which include same

sounding characters, numbers and special characters like punctuation marks.

1. The first normalization done on the collected news article corpus is the use of the
Amharic sentence ending punctuation mark ‘x’ which is referred as “aé<t 110/ Arat
Netib”. Most of the writers of the news articles use a mix of two English colons as “::”
and the proper sentence end punctuation mark ‘:’interchangeably. This inconsistency
in using this punctuation mark needs to be normalized by changing it to the correct
Ambharic sentence end punctuation mark ‘=’ in all the articles. Doing this enhances
the system to identify the end of a sentence with the correct end of sentence marking
character, since it is used as one of the sentence delimiter by computer systems in
Ambharic text documents. This is included in the “am.xml” file under the synonym list

of rules.

2. Amharic has different characters that represent the same sound phoneme. These are
grouped in to two as: different alphabets that share the same sound and the same
sound for the first and fourth order alphabets (Bethlehem, 2002). The sound ‘ha’ can

be taken as an example for the two groups. It has six different representing characters
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“ViY T hik I 737, Each pair shows the first and fourth same sounding characters,
while the three different alphabets also represent the same sound. It has also been
found that the second order of the consonant “®”/ ‘w&” which is “@.”/ ‘wu’ and its
sixth order “@”/ ‘w’ are interchangeably used and there is no consistency in their use
(Zelalem, 2001). This therefore needs normalizing the second order character “a@.”/

‘wu’ to the sixth order “@<’/ ‘w’, since the later one is mostly used.

These same sounding and interchangeably used characters create inconsistency in
writing of Amharic texts. Therefore normalization is needed to create consistency
throughout the news articles. In the news articles for example, the word ‘mengist’
which means government was written in two forms as “oo7°0” and “ov7o17t”.
During the normalization process, the same sounding characters are normalized to
one mostly used character like for example all the “#”/ ‘s’ in the above example
“av 21 to “ar . And “ha” sounding characters “Ui7ichi-hi‘1i5” are normalized
to “v” and the second order character “@.”’/ ‘wu’ is normalized to the sixth order “@-/
‘w’. The complete list of such characters and the corresponding normalized character
used in this experiment is presented in appendix I11.B. It is included in the am.xml file
under the synonym list of rules, which includes the different characters that need
normalization together with the orders for some of the alphabetical characters that are

normalized.

Numbers in Amharic text writing are usually represented in three ways using
Alphabetical words, Arabic numerals or Ethiopic numerals (Seid & Mulugeta, 2009).
Ethiopic numerals are not usually used due to the lack of some characters like a
character to represent zero value as we have seen in chapter three of this thesis.
Ethiopic numerals are usually used in texts to write calendar years, biblical verses or
sequential numbers in a list. This can be normalized to Arabic numerals expressions
which are mostly used in the Amharic text writing. Numbers written in Ethiopic
numerals are, therefore, converted into Arabic numerals. The list of Ethiopic
numerals and their respective normalizing Arabic numerals that is included in the
am.xml dictionary file, under the list of synonym rules is presented in appendix I.E of
this thesis.
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4. The other normalization task was converting the abbreviations in to their respective
detail form. Amharic abbreviations are written using the characters “/”” forward slash,

(152

“.” dot, “” empty space or “” no character at all in between the abbreviated characters.
This inconsistency in writing abbreviations is handled by normalization process
introduced to the tool in the dictionary file together with the stemming rules. The list
of abbreviations and their expanded form that are used to formulate the rules in the
dictionary file under the synonym list for this experiment is presented under appendix

V.

5. The other normalization process involves compound words. Compound words might
be written as one word or separated by space in texts that do not use the Amharic
word separator “:”. Those using the separator in writing put compound words as one
word or separated by a space without the use of the separator in between, this avoids
any complication related to compound words. Based on the list provided in appendix
I1I.A, rules of normalizing compound words that are written as separate words into
one word is included in the dictionary file under the “depreciate” list of rules. This

rule deletes the space between two words in a compound word.

For example compound words like “0+ hCoke7”/ ‘betd krestian’ which means
church, “0-+ ev790t”/ ‘betd mengist’ which means palace and “@+ 017/ ‘wét bet’
which means kitchen, are normalized into one word as “0-HhCAHL?”’, “Otae 7yt
and “@101” respectively. Normalizing compound words helps to avoid problems of
dropping part of these words or considering them as separate words during the
process of word count and stemming which may result in the change of the meaning

of the words completely.

6. The last problem is related to writing of affixes in different formats, as in “HeI0Ad?
HIINPH”/ ‘zegboal, zegbowal’ which all mean that ‘he has reported’. This is solved
during the stemming process, as the suffixes “A0” and “PA” are removed the same
root word is extracted for both words. Related to this, words that are inherited in
Amharic from other languages like English are other problems in Amharic writing.
Mostly such words are written in the way they are pronounced by the writer and do

not seem to have standard form. For example the word ‘television’ can be written in
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Ambharic as “bAOHTTEALOTTEAOY . However due to lack of a detailed list

containing more of such words, normalization is handled in this experimentation with

few words that are adopted from (Surafel, 2012), (Hassen, Tessema, & Solomon,

2009) and few other additions. The following Table 5.6 shows some of the list of

such words that are used in this experimentation by including them under the

synonyms list of rules in the dictionary file. The complete list of these words and

some Amharic words with the same writing pattern are presented in appendix 111.C of

this thesis.
English Word Transliteration Form 1 Transliteration Form 2
Sponsor a7 i0c hO77INC
Sport azct A0ZCT
Television BT BOH 7B O-O
European hCT DL ADCT DL
Automobile AD-TIP(LA APPPLA
Encyclopedia AN AN TLLTATARNATLS
Amharic  word  with
different writing pattern | “L°HE “LeNE

Table 5.6 List of Borrowed words with transliteration problem

5.4.4

Rules for the Stemmers Used

As we have seen in chapter 3, affixes are usually used for changing and forming tense,

number, gender and case of a word. A simplified version of the Porter stemmer is used in

the OTS, which only removes prefixes and suffixes. However, Amharic uses infixes and

other word derivatives which need to be considered in stemming a word. An Amharic

stemmer that includes all Amharic word stemming rules developed by (Tessema, 2007) is

therefore used in the second experimentation of this research. This algorithm is

developed based on the Porter stemmer and includes other Amharic stemming rules. It

removes affixes like the Porter stemmer and handles exceptions to removing affixes like

in names and titles. Moreover, it removes infixes and changes the last character to

“sades”/ ‘the sixth order of the alphabet’, if the last character of the stemmed word is a

vowel.
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The first experimentation is done using the Porter stemming algorithm of the OTS tool.
The stemming algorithm of the OTS tool removes affixes using the dictionary file to form
the stem of the word. Affixes are removed by iterative procedures that employ a
minimum stem length, recoding and context sensitive rules; with the prefixes being
removed prior to the suffixes (Nega & Willett, 2002). In the extreme word stemming, the
root word which is the consonant sequence of the stem, is created by removing all vowels
from the stem of the word that is obtained by removing affixes. As discussed in section
5.3.5 of this chapter, the smallest stem size is two, and from the affix list the count shows

the maximum prefix size is four and the maximum suffix size is five characters.

The stemming algorithm of the OTS uses the reference dictionary for stemming words in
a manner described in this and the following paragraphs. Most of the time in Amharic
writing, spacing between a word and a punctuation mark is not used. Hence, the symbols
remain attached to the word during tokenization. These characters are removed by
referring to the list of Amharic punctuation marks in the dictionary file under the
stemming rules. The stemming algorithm first checks the token word in both ends for the
existence of attached symbol using the “pre and post” list of rules containing punctuation
marks. If a match is found it removes any symbol that is attached to a word to be
stemmed. Then the word without punctuation marks is stemmed using the consecutive

rules.

There is a list of exceptional words to stem formation and corresponding to their stem
words that are included in the stemming rules in the dictionary file. The stemming
algorithms checks for this list before proceeding to affix removal. If a word to be
stemmed is found in this list, the corresponding stem is taken. Otherwise the word will be
stemmed using affix removal set of rules using the affix list of rules provided in the

dictionary file.

The affix removal is done by removing prefixes first and then suffixes using the set of
rule list provided to the stemmer under “pre and post” list of rules in the dictionary. The
stemming algorithm cuts the possible prefixes from each word (on the left side of the
word) and checks its presence by using exact matching in the prefix list, from the longest

to the shortest size of prefixes. Removing prefixes from a word follows the same style as
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removing suffixes but removing suffixes in Amharic involves changing the remaining
last character in to the sixth order of the alphabet if it ends with a vowel. There might be

over stemming the word when the one character prefixes are removed.

For example removing “h”/ ‘k@’ from the word “han™/ ‘kdsédsd’ which means ‘he sued’
will form a meaningless group of characters “a0/ ‘sdsa’. This however can be controlled
by using Amharic dictionary. The Amharic dictionary can be checked for the word after
the removal of single character affixes as suggested by Atelach and Asker (2007). If the
word is not found in the dictionary, then the stemming is stopped for that word and its
previous form is taken as a stem word. This approach has resulted in a 40.09% precision
which was better than 36.15% that is observed without applying it (Atelach, Asker,
Coster, & Karlgren, 2005). However, since the scope of this experimentation is based on

the open text summarizer tool, this approach is not incorporated to control over stemming.

The rules driving the prefix removal in the Porter stemming algorithm are:-

1. Read a word from the list that holds the representative unique words of the article
after preprocessing, normalization and stop words removal processes are completed.

2. If the size of the word is less than three, then return the word as a word without prefix
and pass to the next word in the list.

3. If the word has M number of characters (where M is greater than two), strip the left
most M-2 characters from the word.

4. Check if the striped group of characters exists in the prefix list. If it matches with a
prefix, then do step 7 and return the word without prefix and pass to the next word in
the list.

5. Else, if the M-1 group of characters does not match with the prefixes in the prefix list,
then strip the left most M-2 characters from the word and repeat step 4 above.

6. Else, if the M-2 characters are not found in the prefix list, step 4 and 5 are repeated
iteratively by decreasing the number of characters in the left striped from the word by
one in each loop until one character (M-(M-1)) is striped and checked in the prefix
list.

7. If the prefix removed has only one character, then return the word after the prefix

removal.
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8. Else, if all the characters are checked and none of the striped group of characters

have match in the prefix list, then return the word with no prefix.

Algorithm 5.1 Stemming rules for prefix removal

In the same manner as prefix removal, the stemmer cuts the maximum possible size of
suffixes from each word (from the right side) and checks its appearance in the suffix list
from the longest to the shortest size of suffixes. The rules for the iterative process of

stripping suffixes in the Porter stemmer algorithm are:-

1. Read a word from the list that holds the list of words after all prefixes are removed.

2. If the size of the word is less than three, then return the word as a word without suffix
and pass to the next word in the list.

3. If the word has N number of characters (where N is greater than two), strip the right
most N-1 characters from the word.

4. Check if the striped group of characters exists in the suffix list. If it matches with a
suffix, then do step 7 and return the word without suffix and pass to the next word in
the list.

5. Else, if the N-1 group of characters does not match with the suffixes in the suffix list,
then strip the right most N-2 characters from the word and repeat step 4 above.

6. Else, if the N-2 characters are not found in the suffix list, step 4 and 5 are repeated
iteratively by decreasing the number of characters in the right striped from the word
by one in each loop until one character (N-(N-1)) is striped and checked in the suffix
list.

7. If the suffix removed has one character, then return the word after the suffix removal.

8. Else, if all the characters are checked and none of the striped characters have match

in the suffix list, then return the word with no suffix.

Algorithm 5.2 Stemming rules for suffix removal
The stem word is then used in calculating the word frequency to select the key most
representing word to rank the sentences of the news article to extract the summary. In this
research, therefore, the experimentations are conducted using the Porter stemmer inside

the OTS tool and an Amharic stemmer that includes the Amharic stemming rules. The
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impact of these two stemmers on the summarization process is evaluated and reported in

chapter 6 of this thesis.

5.4.5 Customization of the OTS to Amharic News Summarization
OTS is independent to any language to be summarized, however it has to be modified to
enable it to work for a given language. The freely available library function that is
downloaded from the OTS website has a simple user interface that needs modification to
make it suitable for the purpose of this experiment. The first thing in the customization
procedure is to redesign the user interface to make the tool interactive with a user. The
interface is designed using visual studio C# programming language which is explained in
section 5.4.6. The next procedure includes the preparation and integration of the different
lists mentioned in this chapter into the dictionary file by creating a rule based set of xml

code.

Due to the difference in the rules of the language and the morphological structure of
Ambharic the derivatives of stem words are different from the English or other languages.
A separate dictionary file in the “.xml” format is therefore prepared for Amharic just like
the other languages that are so far incorporated in the OTS. Some of the rules that are
included in the Amharic dictionary “am.xml” file and used in the summarization process
of Amharic news articles are attached in appendix VII. The procedure involved is
discussed as follows.

1. Integration of the Prepared Lists

As it was discussed in section 5.3 of this paper, the OTS requires list of abbreviations,
synonyms, affixes, exceptional stem words, compound words, stop words, numbers,
punctuation marks and special characters. These are gathered from different sources
and are also compiled by the researcher. For example, as we have seen in section

5.3.4, the list of additional stop words was collected from the corpus of news articles.

Each of these prepared lists are then integrated and written in an xml file in HTML
rule based code. These rules include: - 1) 29 prefix and 95 suffix rules for stemming;
2) 16 punctuation marks forming 41 rules to remove punctuation marks from the

beginning and end of a word; 3) 12 sentence delimiter rules to indicate end of a
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sentence and 14 exception rules to this under the “line don’t break” rule set; 4) 91 pair
of synonym words; 5) 18 words with different writing patterns; 6) 41 same sounding
characters for normalization to the selected character; 7) 20 Amharic numerals and
their respective normalizing Arabic numerals; 8) 48 pairs of abbreviations and their
expanded form; 9) 26 compound words and 10) 211 stop words. The file is then
saved as “am.xml” in the dictionary folder “/dic” of the tool. This file is used by the
OTS as a reference library to perform the different tasks involved with the

summarization process.

2. Description of the Rules Sets functionality

The list prepared are formulated in to set of rules that carry functionality that include
1) The rules for parsing in Amharic where a sentence boundary in Amharic could be
identified by either one of the punctuation marks “z, !, ?”,

2) The rules for tokenization in Amharic where a word might be separated using
either one of the punctuation marks “-, %, :, , or “ ” empty space”,

3) The rules for removing special characters and punctuation marks that are attached
to a word in either end of the word,

4) The expanded forms corresponding to Amharic abbreviations in order to increase
the word frequency count of those words which are written in abbreviation or in
expanded form as one word,

5) The list of common words for removal of stop words so that only key words could
be used to identify and rank sentences,

6) The normalization of Amharic compound words, inherited words, numbers and
same sounding characters,

7) The list of similar words for matching synonyms in word frequency counts,

8) The list of affixes for removing any prefix or suffix in stem word formation, and

9) The list of exceptional words to the rules of stemming together with their
respective stem word. These set of formulated rules that are listed in the dictionary
file are the base for the OTS in extracting the Amharic text summary for the news

articles that are tasted in this experiment.
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5.4.6 Redesigning Graphic User Interface for AOTS
The OTS is an open source text summarization tool with a simple user interface available
that comes with the source code. The tool is in library format and does not have
executable file to install it directly. In order to make use of this tool on MS-Windows
operating system, one has to install Visual studio. For this experiment visual studio 2010
is installed and C# programming language is used from it, since the OTS source code
written in C# is used in this study. However, the web interface available online has a
better format for users to extract summaries using the application in any one of the 37
languages supported by the tool. The output could be in two options either in a
highlighted format on the original text with different color or in a summary form based

on the percentage selected by the user.

The original user interface is redesigned for this experimentation using visual studio 2010
C# programming language. The original interface has three text boxes; one for text
document to be summarized, one for summary and one for inserting number of sentences
to be included in the summary. And it has only one button for summarization. The
redesigned interface includes three additional buttons: for saving the extracted summary
in the given number of sentences to a text file to any location specified by the user; for
clearing the two text boxes for inserting and displaying the extracted new text document;

and for exiting and closing the form.

An attempt was made to include a forth button to open a text file directly to the article
text box, but it resulted in none functionality of the original tool. Therefore, copy and
paste mechanism is used to insert the news article to be summarized in the text box as the
original interface forces to use. Figure 5.1 shows the screen shot picture of the GUI

redesigned for this experimentation.
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Figure 5.1 GUI redesigned for Amharic news text summarization using OTS

5.5 ARCHITECTURE OF THE SYSTEM

The summarization process has three phases: analyzing the source text, determining its
salient points and synthesizing an appropriate output (Hahn & Mani, 2000). The Amharic
text summarization system using the open text summarizer, therefore, has three components
architecture like most summarization systems: input, process and output components. The
input component involves the corpus prepared for the Amharic news articles that are to be
summarized and tested in the system. The processing component has two sub components. It
includes the OTS tool itself and the preprocessing components that are introduced to the OTS
using both the dictionary file and additional external modules. The last component is the
output of the process which is the automatic summary of the news articles which are
evaluated to check the system performance. Figure 5.2 shows the diagrammatical

representation of this system.
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Figure 5.2 Process based architecture of Amharic news article summarization using OTS

5.6 DESCRIPTION OF THE SUMMARIZATION PROCESS

The automatic text summarization process is a step by step extraction of the most representative

sentences of a given article to generate a summary. The OTS uses sentence ranking method for

selecting these representative sentences to extract summary from a single text document. There

are three steps involved in summary extraction using the OTS. These are 1) Preprocessing, 2)

Sentence ranking and 3) Summary extraction.

1) Preprocessing — As we have seen in this chapter there are different lexical analysis that were

performed before the ranking of the sentences is done. This step includes the formation of

tokens of key representative terms of the text to be summarized. First the text document is

read in to a variable and using the dictionary file the sentence and word boundaries are

identified. Then normalization of punctuation marks, characters, numbers and compound

words is performed. In parallel, synonyms of words and expanding of abbreviations is done.

After the stop words are removed from the list of the tokens, they are stemmed using the

stemming algorithms (either the Porter stemmer for the first experiment or the Amharic
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2)

stemmer for the second experiment). This list of stemmed words is used as an input to the

next step in the summarization process.

Sentence Ranking — The output of the first step, the list of stemmed words is used as an input
in this step to calculate the frequency of occurrence for each of the stemmed words. By
arranging them in the decreasing order of the frequency of occurrences, key representative
words are selected. Using the dictionary file the sentences of the text are parsed based on the
sentence delimiter set of rules. The words that are found in the title of the article are given
higher grade by the OTS tool, to penalize the other less representative words of the text.
Based on the term frequency of occurrence list, sentences that contain most of the top
frequent words are given ranks. The sentence ranking is based on the term frequency (TF)
and sentence position in the text. For each sentence the sum of the term frequency of the

words that it contains is calculated as:-
SS=>"TF,

Where SS is the sentence score in terms of the sum of the word frequency value for each

word it contains and TF is the term frequency of each word in a sentence.

The positional grading of the sentences is computed by giving constant multiplicative value
“K> where the first sentence of a document gets the highest value which is 2 and the rest of
the sentences get the lowest value which is 1.6 in the OTS. This is to penalize the other

sentences by giving the title more score than the rest.

Based on the positional grading and sentence score of each sentence the rank of each
sentence is calculated. The computational formula is:-

SR=SS * K,

Where SR is the rank of a given sentence, SS is the sentence score in terms of word

frequency and K is the constant multiplicative factor for sentence position.

3) Summary Extraction — This is the last step in the automatic summarization of text
documents. A summary is generated based on the rank given to each of the sentences in

the previous step. The sentences are arranged in the descending order of their rank. The
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summary is extracted based on the number of sentences to be included in the summary, N
which is set by the user in the user interface form of the OTS tool while providing input
requirements. The top N ranked sentences are displayed to the user concatenated in the
order of their appearance in the original text document rather than their rank order. This is

to increase the structure and coherence of the summary.
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CHAPTER SIX

6. EXPERIMENTATION AND EVALUATION

6.1 INTRODUCTION

In this chapter the data set, the experiments conducted, results and the evaluation of the
systems are discussed. The selected 30 news articles are saved separately in a “.txt” file for
each article after being cleaned from any noise or other non text content like picture, web
link and so on. As mentioned in chapter 5, the articles are selected based on their sentence
number ranging from 30 to 127. These articles are then grouped into three different
categories based on range of the number of sentences they contain. In order to classify each
article into one of the three groups, ranges of number of sentences are used. These groups
are short articles (SA) containing 30-55 sentences, medium articles (MA) containing 55-80
sentences and long articles (LA) containing 80-127 sentences. All except one of the articles
(which has 127 sentences) have less than 100 sentences. Those articles below the minimum
range (grouped as very short articles - VSA) and above the maximum range (grouped as very
large articles - VLA), are both dropped from the corpus. Each of the three groups consists of
10 different articles which are saved under a file name for each group as SA, MA and LA,

and sequential number like “SA1.txt”.

As discussed in chapter 5 the sentence ranking in the manual summary is made to contain 35%
of the sentences. Since the maximum summary extraction percentage is 30%, the 35% of the
total sentences ranked manually are enough to get the top ranked sentence to be included in
the summary extraction. The ranked number of sentences in each article is presented in Table
6.1 corresponding to each of the article considered for this experimentation. The Table
shows the detail description of the 30 news articles in terms of number of words, total
number of sentences in an article, total number of manually ranked sentences, their file name

and title of the article.
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File ] ) # of # of Total | # of Manually
Article Title
Name Words | Sentences | Ranked Sente.

SALIXt | +Cre PAF®: bt (ngF 358 32 12

SA2.txt IR AOMPILL P T 1M DA HG 10+ 488 30 11

SA3Xt | mPAL TINTC 2LA TICLT TUITOHET R 721 38 14
A4 PIRPTE WP CF POATTHS A4 Goot

SA4.txt MAALTEECL: 1,049 50 18

SAS.txt ep0 3 NP+ AL 613 37 13

SABG.txt @ ROHONA 104 O duD-N? 461 53 19

SAT.IXt | nce@- A9TnE «GeTh APPTCE 765 38 14
«(FFhNAFD- @18 e NPT avan Lo~ NMgP

SA8.txt OMIT] LUGA»-MPAL TLINEC PRATICET LANT 485 44 15

SAIXt | ApOePm- LA ASIPHEALERET! 745 45 16

SAL0.tXt | ewrh eo9n®1e FHATF? AT AGRLIOLID 1,219 51 18
Short Articles Average 702 43 16

MALXt | eana@<? 97hh PoL0L@- 10977 R0 PF 1,254 64 23

MA2.Ixt | orcema-§ eiue-0+ avhie: 957 60 21
WFDAD- 0188 17 a9I0e%,... hQD T.9P6 RIS

MA3.txt | ta8ct 870 73 26
PO-ARPT Ut POAL il a0 12287 11068 hGLRCINT

MA4.Ixt | pmam- o4y 1o 610 57 20

MAS.IXt | ACots Atat 203 ARS ANFRL Fhdt 2T 608 61 22

MAB.IXt |97 aeit Tén LAETAZ(NFA v-AT) 1,305 7 27

MAT7.tXt | eu8a@« 980 Ak A1 HHOAR 024 G006 RIPSA 605 56 20
<AhHAN PFaPLPhe T e PTLLeIOT avFo 27  «ihHHA)

MAB.IXt | AaF® 10+ Nlde Tav39e AT 552 56 20

MAOQ.IXt | av-aG7 @P1H0\ KT8, hPav-igol 529 70 25

MAL0.tXt | @4t aog.aog: (LOPHFO MLAA a7t PANFD-g° 596 65 23
Medium Articles Average 788 66 24

LALIXt | o0k GA%FT 099990 b& PO 2¢-PF 1,081 82 29

LA2. txt «PEMO APTITY? 0994871 Pt LOAT TmShe 1,027 95 34
APTA B10A5 -A P ZLATICLI® LANT PhéLd M. TI.

LA3.tXt | Ph4PF avraem, - (6 1,102 95 34
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LA4.txt 095+ Rt W6 1,279 96 34
LAS.Xt | A28 AR PATTE 0L P7AkN weRi? 1,423 99 35
LAG.txt N9CL.0 hIRT 1,172 95 34
LATIXt | ADGoOG L0 LHA AS1P SO WVE) 631 80 28
LAS.txt AHA RO 1@ 603 86 30
« KINTT (0EaLePE nTTrT 0298 Ak 198

LA9.txt LUGAs 892 87 31
LALO.IXt | aad fu8a, 980 AL PFLIPMO: AL £9°8 2,386 127 45

Large Articles Average 1,265 68 33

Table 6.1 Description of the corpus used in the experiment

6.2 AUTOMATIC SUMMARIZATION

Two summarization experiments are conducted: by summarizing news articles using the OTS
before integrating Amharic stemmer and using Amharic stemmer with the OTS tool. To
differentiate the two experimentations and the summaries extracted under each experiment,
the two experiments are referred as E1 and E2. Both of these experiments are conducted for
all the articles in the corpus with summary extraction percentage of 10%, 20% and 30%.
These summary extraction percentages are selected to observe the effect of the
summarization process on different ranges of summarization which are not closer to each
other. The total number of automatic summaries is 180, having 90 automatic summaries in

each experiment.

The number of sentences extracted for an automatic summary from each article using the
selected percentage is determined by multiplying the number of sentences in the article by
the percentage and rounding it to the nearest zero. That is if the original article has 44
sentences, the 10% summary has 4 sentences, for 57 sentences a 10% summary has 6
sentences and so on. This list of the number of sentences extracted using each percentage for

each article is presented in Table 6.2.
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Number of Sentences in the Ideal and

Original c’}u‘lr%tt)zlr Automatic Summary under E1 & E2
File Name Sentences 10% 20% 30%
SAL.txt 32 3 6 10
SA2.txt 30 3 6 9
SA3.txt 38 4 8 11
SA4.txt 50 5 10 15
SAS.txt 37 4 7 11
SAGL.tIxt 53 5 11 16
SAT7.txt 38 4 11
SA8.txt 44 4 13
SA9.txt 45 5 14
SA10.txt 51 5 10 15
Average 43 4 9 13
MAL.txt 64 6 13 19
MAZ2.txt 60 6 12 18
MAZ3.txt 73 7 15 22
MAA4.txt 57 6 11 17
MADS.txt 61 6 12 18
MAG.txt 77 8 15 23
MA7.txt 56 6 11 17
MAGS.txt 56 6 11 17
MADO.txt 70 7 14 21
MAZ10.txt 65 7 13 20
Average 66 7 13 20
LAL.txt 82 8 16 25
LA2.txt 95 10 19 29
LA3.txt 95 10 19 29
LA4.txt 96 10 19 29
LADS.txt 99 10 20 30
LAG.txt 95 10 19 29
LA7.txt 80 8 16 24
LAS.ixt 86 17 26
LA9.ixt 87 17 26
LA10.txt 127 13 25 38
Average 94 9 19 28
Corpus Average 68 7 14 20

Table 6.2 The number of sentences extracted using the selected percentages for each article
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A respective ideal summary is also prepared manually for each article in the above extraction
percentages. This is done based on the rank given to the sentences of each article by the
experts. To prepare the manual summary under each summary extraction percentage, the
following steps are followed. The ranked sentences are first extracted and arranged in the
ascending order of rank in to a “.txt” text file. Based on the corresponding value in Table 6.2
for a given summary extraction percentage, sentences are selected to appear in the summary.
Then it is saved in a text file separately to be used in objective evaluation. A total of 90
manual summaries are created for the thirty articles at the three extraction percentages. These
manually prepared ideal summaries are used to automatically evaluate the quality of the

automatic summary in both experiments.

6.2.1 E1 - Using OTS’s Porter Stemmer
The first experiment is done by using the OTS directly without additional Amharic
stemmer, by implementing the dictionary file which contains the Ambharic language
lexical rules and list of necessary words for the summarizer as discussed in chapter 5.
This experiment implements the term frequency and sentence ranking methods. It also
uses the Porter stemmer inside the OTS tool which makes use of the Amharic dictionary
prepared that lists the rules for prefix and suffix removal and list of other language
lexicons that includes stop word, synonyms, abbreviations, punctuation and so on which

help to increase the effectiveness of the term frequency method.

An automatic summary of 10%, 20% and 30% was generated for each of the thirty news
articles. A total of 90 automatic summaries are generated at these three percentage rates.
These summaries are saved in a text file separately under each percentage rate. The
evaluation of these summaries and results obtained are discussed in section 6.3 of this

chapter.

6.2.2 E2 - After Introducing Amharic Stemmer
The second experiment is conducted by integrating the Amharic stemming algorithm into
the OTS tool. It uses the same dictionary file that is used in experiment one which
contains the Ambharic language lexical rules and list of necessary words as discussed in

chapter 5. This experimentation also implements the term frequency and sentence ranking

86



methods. But instead of the Porter stemmer, it uses the Amharic stemming algorithm that
is taken from Tessema (2007). This is to observe the effect of the Amharic stemmer on

the summarization process by increasing the effectiveness of the term frequency method.

Like experiment one, an automatic summary of 10%, 20% and 30% was prepared for
each of the thirty news articles. A total of 90 automatic summaries are extracted at these
percentage rates for the thirty articles. The evaluation of these summaries and results

obtained are discussed in section 6.3.

6.3 EVALUATION AND RESULTS DISCUSSION

As we have seen in chapter two of this thesis there are two major types of evaluation
methods related to text summarization. These are Intrinsic and extrinsic evaluation methods.
Each of them has its own number of methods which are mostly used in combination in text
summary evaluations. Intrinsic evaluation is done by comparing the automatic summary with
the ideal summary prepared manually. It measures the automatic systems performance on its
own. Whereas extrinsic evaluation is done based on evaluating how the automatic summaries
are good enough to accomplish the purpose of some other specific task. For the purpose of
evaluating summaries in this study, intrinsic evaluation is implemented in two ways. The first
one is Manual evaluation which is done by selected two experts, who have also prepared the
manual summary before, based on chosen evaluation criteria. And the second one is
Automatic summary evaluation which compares the automatic summary with an ideal

summary prepared by experts.

1. The manual evaluation is done by rating the automatic summaries based on the
evaluation criteria prepared for this experiment which is attached in appendix IX. These
evaluation criteria used are based on readability, fluency, level of information carried,
flow, coverage and overall observation. These are grouped into four major quality
evaluation criteria with six measures. The fluency and readability of the summaries is
measured in terms of the linguistic quality. In this criterion, the summaries are checked
for and given grades based on grammatical correctness, non redundancy and referential
clarity. The informativeness of the summaries measures the coverage and level of

information carried in the automatic summaries. The flow of the automatic summaries is
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measured in terms of the structure and coherence of the sentences in the summary. The
final grade is given based on the overall observation and expectation of the user from the
automatic summary. The evaluator grades the summary as, to what level the summary is

found to be satisfactory in the overall examination of the summary.

A grade level of 1 up to 5 (where 1 represents very poor, 2 — poor, 3 — fair, 4 — good and
5 — very good) is used for each of the above six criteria measuring the four quality
evaluations for the automatic summaries. The grading is given from a total of 30 for each
automatic summary. The grades given under each criterion for each automatic summary
are summed to get the total grade for the summary. This total grades are then converted

to percentage to show the evaluation results in percentage.

The objective evaluation is done by comparing the automatic summary with a reference
ideal summary. Sentence extraction method of text summarization allows the use of
precision (P), recall (R) and F-measure (F-m) as an evaluation measures for automatic
text summaries. The similarity of the content is measured by considering the extraction
unit, which is ‘sentence’ in the case of this experiment. This similarity of sentences
among the automatic and ideal summaries for a given article is determined using these

three evaluation measures.

In order to accomplish this evaluation task automatically, a simple sentence similarity
evaluating tool that implements the above three measures is designed in C# programming
language. The tool receives two summary text files, in this case the automatic summary
and the ideal summary for a given article, and checks for the existence of similar
sentences in both files. Based on the number of similar sentences precision, recall and F-
measure are calculated using the formula shown in the next paragraphs. It finally displays
the output in a tabular form as shown in Figure 6.1, the screen shot taken after execution.

It gives the option to save the evaluation results in to an MS-excel file.
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Location of Automatic Summary Location of ded Summary

Figure 6.1 Automatic / Objective evaluation tool screen shot

This evaluation is performed using the co-selection measures that are mentioned
previously, which assess the quality of the summary based on the number of sentences
that commonly appear in the ideal and automatic summary. The most common of
evaluation measures P, R and F-m are computed as follows. In this experiment F-m is
used to report the evaluation results. SI and SA are sentences in the ideal summary and

automatic summary for a given article respectively.

1) Precision reflects how many of the system’s extracted sentences are good. It is
computed as the ratio of the relevant sentences extracted in the automatic summary
(which is the intersection of the sentences that appear in both automatic and ideal

summary) to the total relevant sentences,

P_SAnSI
K |

2) Recall reflects how many good sentences the automatic summary has not included or
how many the system has missed. It is computed as the ratio of the relevant sentences

extracted in the automatic summary to the total sentence extracted, and

R_SAnSI
- SA
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3) F-measure is a good tradeoff between P and R since it gives the same importance for
both precision and recall, hence it is important to use it as an evaluation measure. It is

computed as:-

The objective evaluation is done for both of the experiments on the 180 summaries extracted
at the three summarization percentage level. However due to the fact that manual evaluation
is time and labor intensive, it is done for the first experiment only for 15 article summaries, at
the three different extraction rates. This includes all the 10 articles from the short article
group and 5 articles chosen by taking the file name with odd numbers from the medium
article group. These articles are chosen systematically by taking the 13 5™ etc. articles.
That is a total of 45 summaries for the fifteen articles in the short and medium article group
are evaluated using manual evaluation method. However, objective evaluation is done for all
the automatic summaries generated using both of the experimentations E1 and E2. The

discussion of the evaluations and the results observed are presented in the following sections.

6.3.1 Manual Evaluation for Experiment One
The manual evaluation is done for 45 summaries generated from the 15 articles in the
short and medium article groups at the three summary extraction percentages used in this
experiment. As described in the previous section, six evaluation criteria are used to grade
the summaries on the scales 1up to 5. The grades given show to what level the criteria
under consideration is achieved in each summary. The evaluation guideline is attached in
appendix IX. An average of the grade values given by the two evaluators is calculated for
each of the measure and are converted to percentage values to show the results in percent
from hundred. The comparison is done considering the size of the original article using
the two small and medium article groups (SA and MA) and considering the size of the

summary for a given article using the three extraction percentages.
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1.

Is the summary grammatically correct?

This is one of the linguistic quality measure used to evaluate the automatic summary.
The experts check any grammatical error which occurred during the summarization
process like fragments of sentences. What was observed was, in some of the
summaries sub titles were concatenated to the sentences or they were followed by

sentences from another subtitle.

Since the experimentation uses sentence extraction methods, most of the results
obtained are accurate in terms of grammatical correctness. The summary is composed
of directly extracted sentences in their rank order; therefore by this criterion a good
result is obtained in almost all the automatic summaries. From the 45 automatic
summaries, 3 of them got 60%, 18 got a score of 80% and the rest 24 summaries got
100%. It is also observed that the grammatical correctness is not related to the size of
the summary or the size of the original article; hence each summary got the same
grade in all extraction rates. However, this criterion is dependent on the writing style
of the original article. We can see that the summaries in the MA group got better
score than those in the SA group. This shows that the structure of the summaries of
the original articles in the MA group has less sub titles (which create the fragment
sentence in the automatic summary) than articles in the SA group. The table showing

the grades given in percentage is presented in appendix XI.A.

Is there redundancy in the summary?

The second linguistic quality measure used is non redundancy in the extracted
sentences of the automatic summary. Here the experts check for any repetition of
ideas in sentences. As much as possible the summary should contain one sentence to
express one idea, rather than having more than one sentence to express the same
concept with different words. Having non redundancy in the summary makes the

summary more readable and interesting for readers.

Based on this criterion the automatic summaries are given scores: 10 of the
summaries got 60%, 11 of the summaries got 80% and 24 of the summaries got 100%.
From the 15 summaries in the medium article group (MA files), 9 got 60% and 6 got

80%. It has also been observed that none of the summaries in this group got 100%.
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The average rank for the articles in the SA group at 10% and 30% extraction rate is
96% and at 20% it is 94%. Where as, in the MA group it is 68% for all the three
extraction rates. This means there is more redundancy in the MA size article
summaries than those in the SA article summary group. This shows that as the size of
the original text increases, writers tend to write the same idea in different sentences
repeatedly, resulting in more redundancy. Due to this, the extracted summary then has

repeated sentences since the system uses word frequency to rank the sentences.

For all the summaries except for the SAG6.txt at 20% extraction rate, the average score
given is the same under all the three extraction rates. This criterion, therefore, is not
related the size of the summary or the extraction rate. It is also observed that the
average scores for the SA group summaries are 94% at 20% and 96% at 10% and 30%
extraction rates and for the MA group summaries, it is 68% under all the three
extraction rates. This shows that as the size of the original article increases summary
extracted increases, redundancy also increases. The overall results show that the
system summaries avoid redundancy very well for short articles. The grades given for

the summaries based on this criterion is shown in appendix XI.B.

Is referential clarity maintained in the summary?

The last linguistic quality measuring criterion is referential clarity which measures the
easiness to identify to whom or what the referential pronouns or words used refer to
and if the reference is correct in consecutive sentences. Here the experts check that if
questions like “who? Or what?” can easily be answered in the summary for the

referential words used.

More references are used as the size of the article increases. Among the 45 summaries
evaluated using this criterion, 6 got 60%, 19 got 80% and 20 got 100%. It is observed
that this criterion is maintained more in the summaries for the MA articles than the
SA articles except at 30% extraction rate, where the average is 90%. More than half
(9 out of 15) of the medium size article summaries got 100% and one third of the
small size article summaries got 100%. The average referential clarity is lower for
small size summaries at 10% and 20% extraction rate, in the SA group of articles
(which is 80% and 86% respectively) than those in the MA (which is 88% at both
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extraction rates). In addition to this, the average score for the SA group increased as

the extraction rate increases.

Among the three summary extraction rates, better results are obtained at the 30% rate
for the small article group, showing increase for each rate as 80%, 86% and 90% on
the average. This shows that as the size of the summary increases for a given article,
more sentences are included in the summary resulting in the increase of referential
clarity. That is as the summary size increases the referential clarity is maintained
more than it is in the small size summary for a given article. The average grade values

for the evaluation based on this criterion are shown in a table in appendix XI.C.

. To what level is the summary informative?

It measures the information content of the automatic summary regarding the topic of
the article. It helps to understand which of the summaries include the most important
information of the article. The summary should include the main information that
relates to the topic of the article rather than sentences that are written about none

related details.

The grades given for the automatic summaries under this criterion ranges from 40%
to 100%, where 1 got 40%, 2 got 60%, 18 got 80% and 24 got 100%. Since 42 of the
summaries got 80 and 100%, it shows that the summaries are more informative of the
topic of the article. As we have seen in chapter 5, this is because the system gives
more rank for the topic sentences, by multiplying the frequency of the topic sentence
by 2. It is observed that the summaries in the SA group got average rank of 80% for
the small size rate (10% summary) and 88% for the 20% and 30% summaries. The
average for the MA summaries is 96% for all the three summary extraction rates. This
shows that as the size of the original article increases, the informativeness of the
summary extracted is high since the number of sentences to be included in the

summary is large.

The average in the MA is the same for the three extraction rates which is 96%.
However for the small size summaries it is 80% at 10% and 88% for the 20% and 30%

rates. This shows that as the number of sentences in a summary for a given article
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increase, the informativeness of the summary also increases, showing a direct
relationship between summary size and information content. The overall rank which
is presented in appendix XI.D shows the automatic summaries are informative

regarding the topic of the article.

How well is the summary structured and organized?

This criterion measures the connectedness of the sentences in the summary and the
extraction structure of the summaries. The extracted summaries should not be a heap
of concatenated sentences but rather should build up the topic of the article in the

consecutive sentences to a well structured coherent summary.

The automatic summaries are given grades under this criterion as, 16 of them got
60%, 19 of them got 80% and 10 of them got 100%. This shows that one third of the
summaries are less structured and organized. It is observed that the average grade in
the SA summaries varies from 72% in the 10 and 20% extraction rates to 80% in the
30% extraction rate. Where as in the MA group summaries it is 80% in the 10 and 20%
extraction rates to 88% in the 30% extraction rate. This shows that as the size of the
summary increases, the coherence and structuredness increases, resulting in a more

attractive, interesting and readable summary.

It is also observed that the average of the SA group of summaries (72% to 80%) is
lower than the average grade value of the MA group of summaries (80% to 88%).
The maximum average grade for the SA group (80%) is the minimum average grade
for the MA group. This shows that the structuredness and coherence of a summary
increases as the size of the article increases, since it results in large size summaries.

The grades given under this criterion are presented in the table in appendix XI.E.

From your overall reading of the article, how do you rate the extracted summary?
After reading the article and the corresponding extracted summary, the evaluators
have some subjective judgment regarding the automatic summary. Based on their

expectation and satisfaction, each automatic summary is given a grade value.

The grading values in this criterion range from 20% to 100% as; 1 summary got 20%,

5 summaries got 40%, 11 summaries got 60%, 16 summaries got 80% and 12
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summaries got 100%. The average grade value for the summaries in the SA group are
54%, 72% and 90% at the extraction rates of 10%, 20% and 30%, respectively. For
the MA group of summaries the average grade values at the three extraction rates
(10%, 20% and 30%) are 64%, 84% and 92%, respectively.

This shows that as the size of the extracted summary increases, the summaries are
more satisfactory. It also shows that the small size (10%) summaries for either SA or
MA group summaries are not good enough to meet the reader’s expectation. It is
observed that the average grades for the two summary groups show different values at
the three different extraction rates, increasing in parallel as the extraction rate
increases. The values show that the summaries extracted using higher extraction
percentage, i.e. having more sentences in the summaries increase the achievement of
reader’s expectation and satisfaction, regardless of the size of the original article. The
grade values given under this criterion by the evaluators is shown in appendix XI.F of
this thesis.

The grade values given under each criterion for each of the automatic summaries are
added to determine the total grade score. The total score is then divided by 30 (the total of
the maximum rank given under each criterion) and multiplied by hundred to change it to
percentage. The grade score value, the total grade rank and the average rank calculated
for each summary is presented in appendix X. The average of these percentage values for
the SA group summaries are 78.33%, 83.33% and 86.67% and for the MA group of
summaries are 81.33%, 84.67% and 88% in the three extraction rates 10%, 20% and 30%

respectively.

These average evaluation grades of the automatic summaries using the manual evaluation
shows that the quality of the automatic summary increases as the size of the extracted
summary increases regardless of the size of the original article. Based on the manual
evaluation, the more sentences are included in the extracted summary, the better the
quality is for a given article of any size. The following Table 6.3 shows the total
evaluation grade given to each of the evaluated article summaries based on the six

manual evaluation criteria chosen for this experimentation. The grade values are
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presented for each of the 45 summaries selected for manual evaluation which are

extracted from the 15 news articles.

Original Number of Total %age

File Name Total Sentences 10% Summary 20% Summary 30% Summary
SAL.txt 32 56.67% 70.00% 66.67%
SA2.txt 30 80.00% 83.33% 86.67%
SA3.txt 38 83.33% 86.67% 90.00%
SA4.txt 50 80.00% 83.33% 90.00%
SAS.txt 37 76.67% 86.67% 96.67%
SAG.txt 53 76.67% 80.00% 93.33%
SA7.txt 38 73.33% 80.00% 86.67%
SAB8.txt 44 80.00% 83.33% 86.67%
SA9.txt 45 93.33% 90.00% 96.67%
SA10.txt 51 83.33% 90.00% 93.33%
Average 42 78.33% 83.33% 88.67%
MAL.txt 64 86.67% 90.00% 90.00%
MAZ3.txt 73 76.67% 80.00% 90.00%
MADB.txt 61 83.33% 80.00% 83.33%
MAT txt 56 80.00% 86.67% 90.00%
MAO.txt 70 80.00% 86.67% 86.67%
Average 65 81.33% 84.67% 88.00%

Table 6.3 The average score of subjective evaluation given to the 45 automatic summaries

6.3.2 Objective Evaluation for E1
The 90 automatically generated summaries under the first experiment are evaluated using
the evaluation tool developed for this purpose in C# programming language. It is done by
checking the existence of similar sentences that are found in both the automatic and ideal
summary prepared for each article. Therefore the 90 automatically generated summaries
are compared with the corresponding 90 ideal summaries. As we have seen in section 6.3,
F-measure is the weighted average of precision and recall; hence it is used as evaluation
measure. Table 6.4 shows the summary of the evaluation values for the 90 automatic

summaries under each extraction rate in percentage.

The average performance measure at the three extraction rates 10%, 20% and 30% are:
for the articles in the SA group 48.17%, 49.71% and 56.24%; for the articles in the MA
group 52.8%m 62.17% and 75.65%; and for the articles in the LA group 37.71%, 49.70%
and 66.80% respectively. When we examine the increase rate of performance as the

extraction rate changes from 10% to 20% and from 20% to 30%; for the SA group it is
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1.54% and 6.53%; for the MA group it is 9.37% and 13.48%; and for those in the LA
group it is 11.99% and 17.10% respectively. The corpus average performance measure at
the 10%, 20% and 30% extraction rates are 46.22%, 53.86% and 66.23% with an average
rate of increase 7.64% and 12.37% as the extraction rate changes from 10% to 20% and

20% to 30% respectively.

This shows that as the extraction rate increases the performance of the system also
increases, showing a direct relationship between size of summary and performance of the
system. It also shows that the increase rate of the performance measure at the different
extraction rates is high for MA and LA size articles than small size articles. The change
in the extraction rate brought a comparatively minimum effect on performance, (1.54% as

the rate changes from 10% to 20%) in the SA news article groups.

When we observe the performance measure among original document size, the highest
result is scored by the middle size articles. The average of this group is 52.80%, 62.17%
and 75.65% at 10%, 20% and 30% extraction rates, respectively. The highest average
performance of all the 9 group (10 summaries with three extraction rates for the three
groups) of summaries is 75.65% observed for the middle group summaries at the 30%
extraction rate. The next two good average performance measures are observed for the
LA group of article summaries 66.80% at the 30% extraction rate and for the MA group
of article summaries 62.17% at the 20% extraction rate. The lower average performance
measure 37.71% is observed for the large article summaries at the 10% extraction rate. It
is so visible that the automatic summaries are of good performance rate for the middle
size article summaries, since the score for all the extraction rates are more than 50%.
Whereas the SA and LA group articles scored less than 50% for the 10% and 20%

extraction rates and scored more than 50% at the 30% extraction rates.

From the evaluation results, we can see that the summaries get better as the extraction
rate that determines the number of sentences extracted, increases. This proves the basic
principle that the average performance increased as the extraction rate increased, hence
the summary at higher extraction rates gets more similar to the original article. However
the increasing rate of performance showed irregularity. The average of the corpus result
for the three extraction rates 46.22%, 53.86% and 66.23% shows that the concept of a
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given article is best covered at the higher extraction rates. The increase in performance of
the system is 7.64% and 12.37% as the rate increases from 10% to 20% and then to 30%

respectively. This also shows that the performance also increases at an increased rate as

the extraction rate increases by a fixed percent. That is the F-m increased at an increasing

rate as the extraction percentage increases constantly. Table 6.4 shows the summary of

the objective evaluation results of the 90 summaries extracted using experiment one. The

detail result observed for each summary is presented in appendix XII (A, B and C for

each rate).
Original F-Measure in %

File Name at 10% at 20% at 30%
SAL.txt 100.00% 50.00% 30.00%
SA2.txt 66.67% 50.00% 66.67%
SA3.txt 25.00% 62.50% 72.73%
SA4.txt 20.00% 50.00% 40.00%
SAS.xt 75.00% 57.14% 54.55%
SAB.txt 60.00% 36.36% 37.50%
SAT.txt 50.00% 50.00% 45.45%
SA8.txt 25.00% 44.44% 76.92%
SA9.txt 40.00% 66.67% 78.57%
SA10.txt 20.00% 30.00% 60.00%

Average 48.17% 49.71% 56.24%
MAL.txt 66.67% 46.15% 73.68%
MA2.txt 50.00% 75.00% 77.78%
MA3.txt 42.86% 53.33% 68.18%
MAA4.txt 83.33% 72.73% 88.24%
MADS.txt 66.67% 66.67% 72.22%
MAG.txt 37.50% 53.33% 73.91%
MA7.txt 33.33% 63.64% 82.35%
MAS.txt 33.33% 72.73% 88.24%
MAO.txt 57.14% 64.29% 61.90%
MA10.txt 57.14% 53.85% 70.00%

Average 52.80% 62.17% 75.65%
LAL.txt 37.50% 75.00% 60.00%
LA2.txt 20.00% 26.32% 58.62%
LA3.txt 40.00% 57.89% 72.41%
LA4. txt 30.00% 36.84% 62.07%
LAS.txt 30.00% 45.00% 70.00%
LAG.txt 20.00% 31.58% 62.07%
LAT7.txt 50.00% 62.50% 87.50%
LAS.txt 44.44% 41.18% 61.54%
LA9.txt 66.67% 64.71% 65.38%
LAL0.txt 38.46% 56.00% 68.42%

Average 37.71% 49.70% 66.80%

Corpus Average 46.22% 53.86% 66.23%

Table 6.4 Summary of objective evaluation results for experiment one
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6.3.3 Objective Evaluation for E2
The evaluation for experiment two on the 90 automatically generated summaries,
extracted after including Amharic stemmer on the OTS, is done using the same tool as
experiment one. Each of the automatic summaries are checked with the corresponding
ideal summary used for evaluating experiment one. F-measure is used here to measure
the performance of the system and to examine the effect of using Amharic stemmer in the
OTS tool. The evaluation measure results and the observations are discussed in the
following paragraphs and Table 6.5 shows the summary of the performance evaluation

measure values for the 90 automatic summaries under each extraction rate in percentage.

The observed average performance measure at the three extraction rates 10%, 20% and
30% are: for the articles in the SA group 30.67%, 61.26% and 72.12%; for the articles in
the MA group 38.75%, 50.18% and 72.14%; and for the articles in the LA group 33.85%,
58.58% and 72.83% respectively. When we examine the increase rate of performance as
the extraction rate changes from 10% to 20% and from 20% to 30%; for the SA group it
is 30.60% and 10.86%; for the MA group it is 11.43% and 21.96%; and for those in the
LA group it is 24.73% and 14.25% respectively. The corpus average performance
measure under the extraction rates 10%, 20% and 30% are 34.42%, 56.68% and 72.37%
respectively. It shows an average rate of increase of 22.25% as the extraction rate
changes from 10% to 20% and 15.69% when it changes from 20% to 30%.

The above performance figures shows that the system in the second experiment (E2)
better performs at the 30% extraction rates for all the three groups of news article
summaries. It also shows that the system performance is minimum for the 10% extraction
rate and average at the 20% extraction rate. As it is expected, the performance of the
system increased as the extraction rate increases, showing a direct relationship between
performance and extraction rate. The average rate of increase, as the extraction rate
increases, is significantly increasing for all the summaries of all the news articles in the
three groups. We can also observe that the average performance increase rate for the
corpus increased at a decreasing rate as the extraction rate changes from 10% to 20% and
20% to 30% (that is 22.25% and 15.69%, respectively).
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When we examine the performance measure among the original document size for a
given extraction rate, at the 10% extraction rate the MA group of summaries, at the 20%
extraction rate the SA group of summaries and at the 30% extraction rate the LA group of
summaries scored the highest average F-m. Moreover, at the 30% extraction rate the
average F-m for each group of summaries is not significantly different. That is, the
average F-m for the SA, MA and LA group of summaries under the 30% extraction rate
are 72.12%, 72.14% and 72.83% showing a variance of 0.71%. This shows a closely
similar performance of the system irrespective of the size of the original size of the article
within the same extraction rate. The variance among the group of summaries is higher at
the 20% extraction rate giving a variance of 11.08% (61.26%-50.18%) among the

average performance measure for the three groups.

The highest average F-m of all the 9 group of summaries is 72.83% observed for the LA
group summaries at the 30% extraction rate. The next two good average performance
measures are also observed at the 30% extraction rate, for the MA group of article
summaries 72.14% and for the SA group of article summaries 72.12%. The lower
average performance measure 30.67% is observed for the SA group of summaries at the
10% extraction rate. It is so visible that the automatic summaries are of good
performance for all the groups at 30% extraction rate. From the evaluation results, we can
see that the performance measure for the summaries increases as the extraction rate
increases. This proves the basic principle that the average performance increased as the

extraction rate increased.

During this experiment, the average performance measure of the corpus increased by
22.25% and 15.69% as the extraction rate changes from 10% to 20% and then to 30%.
That is the F-m increased at a decreasing rate as the extraction percentage increases
constantly. The average of the corpus result for the three extraction rates 10%, 20% and
30% gave 34.42%, 56.68% and 72.37% respectively. This shows that the concept of a
given article is best covered at the higher extraction rates. Table 6.5, shows the summary
of these discussed F-m scores observed during the objective evaluation of the 90
summaries extracted using experiment two by introducing Amharic stemmer into the

OTS tool. The detail result observed for each summary during this experimentation is
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presented in appendix XIII (A, B and C for 10%, 20% and 30% extraction rate

respectively).

Original F-Measure in %

File Name at 10% at 20% at 30%
SAL.txt 33.33% 50.00% 30.00%
SA2.txt 33.33% 66.67% 77.78%
SA3.txt 25.00% 62.50% 81.82%
SA4 txt 20.00% 80.00% 86.67%
SADb.txt 50.00% 71.43% 63.64%
SAG.txt 40.00% 54.55% 68.75%
SAT7.txt 40.00% 87.50% 90.91%
SA8.txt 25.00% 44.44% 76.92%
SA9.txt 20.00% 55.56% 71.43%
SAL0.txt 20.00% 40.00% 73.33%

Average 30.67% 61.26% 72.12%
MAL.txt 66.67% 38.46% 73.68%
MAZ2.txt 16.67% 41.67% 66.67%
MAZ3.txt 14.29% 26.67% 54.55%
MAZ txt 33.33% 72.73% 70.59%
MADB. txt 66.67% 58.33% 72.22%
MAG.txt 37.50% 40.00% 69.57%
MA7.txt 50.00% 72.73% 82.35%
MAB8.txt 16.67% 54.55% 70.59%
MA9.txt 28.57% 42.86% 76.19%
MAZ10.txt 57.14% 53.85% 85.00%

Average 38.75% 50.18% 72.14%
LAL.txt 25.00% 75.00% 76.00%
LA2.txt 40.00% 63.16% 72.41%
LA3.txt 40.00% 57.89% 62.07%
LA4 txt 20.00% 57.89% 75.86%
LAS.txt 60.00% 55.00% 76.67%
LAG.txt 20.00% 47.37% 58.62%
LA7.txt 25.00% 50.00% 79.17%
LA8.txt 33.33% 70.59% 80.77%
LA9.txt 44.44% 52.94% 73.08%
LA10.txt 30.77% 56.00% 73.68%

Average 33.85% 58.58% 72.83%

Corpus Average 34.42% 56.68% 72.371%

Table 6.5 Objective evaluation performance measure results for experiment two
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6.3.4 Comparison of the two Experiments
The two experiments were implemented on 90 news articles in three groups of size. The
major difference between the two experiments is the stemmer used in the OTS tool. For
the first experiment, the Porter stemmer which is designed inside the original OTS is used
by developing Amharic dictionary file that this Porter stemmer makes use of. The detail
of this dictionary file is discussed in chapter 5 of this thesis. The second experiment on
the other hand makes use of Amharic stemmer which is designed by Tessema Mindaye
(2007). After including this stemmer, the Porter stemmer is removed together with the
dictionary file from the OTS system. After generating 90 summaries for the 30 news
articles selected, each summary is evaluated using a respective ideal summary. The same
ideal summary corpus is used in both experiments to evaluate the summaries generated in

each experiment.

During the experimentation the two systems (in the two experiments) showed different
performance on efficiency and effectiveness. For efficiency, when we compare the time it
take to extract a summary, the system in E1 is more efficient than the system in E2. For
example, to extract summary for the news article under the file name “MA7”, it took 3

seconds in E1 and 16 seconds in E2 at 30% extraction rate.

The system in the first experiment is effective for middle size (MA) articles irrespective
of extraction rates whereas the system in the second experiment is effective for 30%
extraction rate irrespective of original size. The experiment two evaluation results show
that the system using the Amharic stemmer performs with better consistency in a higher
extraction rate irrespective of the size of the original article. The first experiment on the
other hand is dependent on the size of the original article size and performed well for
middle size articles. It also showed irregularity in performance as the extraction rate and
the summary group changes. The average of the results obtained in E1 vary significantly
as the size of the original article changes in a given extraction rate, which is closer among
the results of E2.

As we can see in Table 6.6, at 10% extraction rate E1 performed better in all the article
groups as 17.5%, 14.05% and 3.85% more than E2 for SA, MA and LA size articles. At
20% extraction rate E2 performed better, 11.55% for SA and 8.88% for LA more than E1
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and E1 outperformed E2 for MA size articles by 11.99%. At 30% extraction rate E2
outperformed E1 for SA by 15.89% and for LA by 6.03%. While E1 performed better
than E2 for MA group articles by 3.51% more. The corpus average shows that E1 scored
better result at 10%, and E2 outperformed E1 at 20% and 30% extraction rate. The

graphical representation of Table 6.6 that shows the line graph for the average

performance results of the two experiments at the three extraction rates is presented in

Figure 6.2.
Average F-Measure in % for E1 and E2
File Group at 10% at 20% at 30%
El E2 Difference E1l E2 Difference E1l E2 Difference
SA 48.17% | 30.67% -17.50% 49.71% | 61.26% 11.55% 56.24% | 72.12% 11.89%
MA 52.80% | 38.75% -14.05% 62.17% | 50.18% -11.99% 75.65% | 72.14% -4.51%
LA 37.71% | 33.85% -3.85% 49.70% | 58.58% 8.88% 66.80% | 72.83% 6.03%
Corps Average 46.22% | 34.42% -11.80% 53.86% | 56.68% 2.82% 66.23% | 72.37% 6.14%

Table 6.6 Average performance result comparison for E1 and E2

Graphical representation of E1 and E2 at 10%, 20% and 30% extraction rates

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

El‘EZ‘El‘EZ‘El‘EZ‘

at 10% ‘ at 20% ‘ at 30% ‘

Corps Average

Figure 6.2 Graph showing the performance measures comparison for E1 and E2

From the graph we can see that all the three groups of summaries results for E2

are lower than E1 at 10% extraction rate, showing a downward slope. MA results

show a chain saw under all extraction rates, due to the higher performance by E1

than E2 for that group. The graph at the tip merges since the performance results

of E2 at 30% are closer to each other with lower variance while it is wider for E1

at 30%.
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CHAPTER SEVEN

7. CONCLUSION AND RECOMMENDATION

7.1 CONCLUSION
In this information era there is huge production of information in many formats. One of the
medium to disseminate information is using text through digital and printed medium. The
internet fueled up the mass production of information by providing easier technology to
produce and disseminate information worldwide. This caused information overload on users.
In order to get information from this mass production of text documents and reduce the
information overload text summarization plays a major role. Summarizing the produced
information manually is hard if not impossible due to the flooding production over the
already available text document. Designing an automatic system to produce summaries for
text documents has been attempted for many decades and successful results are obtained.
Nowadays there are many text summarization systems developed for different languages.
The researches done for the Amharic language text summarization also show promising

results, proving the possibility of summarizing Amharic texts automatically.

In this research one of the well know text summarization system for single document
summarization, the open text summarizer (OTS) is tested for its performance for Amharic
text document summarization in the news domain. The system is tested with two different
stemming approaches. Since Amharic is morphologically rich language, stemming is
important process to achieve better performance. The first experiment is done using the
Porter stemmer inside the OTS tool which uses a dictionary file that contains the Amharic
language lexicons and punctuation rules. The different lists that are needed for the dictionary
file are gathered from books and research papers. The second experiment is conducted by

incorporating Amharic stemmer developed by Tessema (2007) in place of the Porter stemmer.

Amharic news article corpus containing 40 articles is gathered from news providing agencies
(WIC, EPA and RANP), from which 30 are selected for the experimentation. These are
grouped in to three based on their size in terms of sentences as SA, MA and LA. From the
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test corpus of 30 news articles, 180 automatic summaries are generated using the two
systems, 90 for each experiment at the three extraction rates 10%, 20% and 30%. The
performance of the systems is evaluated by comparing the generated summaries with an ideal
summary prepared manually by experts for objective evaluation. The same ideal summary is
used to evaluate both experiments. For measuring the performance of the systems, F-measure
is used as objective evaluation measures for the two experiments. Subjective evaluation using
standard criteria is also done for fifteen summaries (10 from SA and 5 from MA group at
10%, 20% and 30%, with a total of 45 summaries) generated using the first system in
experiment one. Though evaluation of text summarization systems is difficult, these
commonly used subjective and objective evaluation methods are used in this research. The
evaluation is difficult due to the fact that there is no perfect ideal summary to evaluate text
summarization performance, since there could be many ideal summaries that can be prepared

for a given text.

In experiment one (E1) the results obtained did not have pattern but showed dependency on
both extraction rate and size of original article. The system is more effective for MA size
articles having sentences in the 55 to 80 sentence range. The system should not be dependent
on size of the article but rather on the extraction rate. In experiment two (E2), the system
gave a proper pattern for the extraction. When we see the evaluation results at 30% extraction
rate, the measures are closer to each other irrespective of the size of the original article. The
system performance also increased as the extraction rate increases. These show that the
performance of the system is better than E1, since any summarization system should perform
irrespective of the size of the original article size and its performance should improve as the

extraction rate increases.

However, the Amharic stemmer decreased the efficiency of the summarizer in terms of time
it takes to generate a summary compared to the Porter stemmer using the Amharic lexicons.
That is the system in E1 generates summaries much faster than the system in E2, making it
more efficient in terms of time. This is due to the process involved with the Amharic
stemmer used in the second experiment (E2). The Porter stemmer in E1 uses the dictionary
file with language lexicons, removing affixes only in the stemming process. This takes a lot

much shorter time than the stemming process in the Amharic stemmer.
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When we see the corpus average F-measure, E1 scored 46.22%, 53.86% and 66.23% for 10%,
20% and 30% extraction rate whereas E2 scored 34.42%, 56.68% and 72.37%. From these
scores we can observe that E2 outperformed E1 at 20% and 30% extraction rates whereas E1
performed better at 10% extraction rate. This shows using the Amharic stemmer resulted in
better performing system that the Porter stemmer that uses the dictionary file. Moreover, the
pattern observed in the performance measures by the second system in E2 (specially for the
30% extraction rates, the average scores 72.12%, 72.14% and 72.83% for the three groups
SA, MA and LA, respectively) is found satisfactory to conclude that it performed better than
the system in E1. The observed patters are, as the rate of extraction increases E2 showed
better performance, giving highest performance at the 30% rate of extraction irrespective of
the size of the original article. Whereas E1 performed better only for news articles in the MA
group, E2 performed well for all size news articles. The system should be dependent on

extraction rate but not on document size, where E2 gave better performance result than E1.

In order to answer the research questions, all the formulated objectives were achieved. The
first research question: what are the characteristics of Amharic language relevant for text
summarization? , was addressed by achieving the first three objectives. Different ambiguous
characters of Amharic writings were identified and addressed using normalization as shown
in section 5.4.3 of chapter 5. Moreover, since Amharic is a morphologically rich Semitic
language, it responds highly to stemming. Therefore two types of stemming algorithms were
used in the two experiments and the evaluation showed the system with the Amharic
stemmer performed better regardless of the size of the original article, than the Porter
stemmer version used originally inside the OTS. And also the Amharic news writing
structure has been identified as diamond shape, having the most representative sentences at
the beginning and at the end. This matches with the OTS since the system penalizes the
sentences that are in the middle and give higher rank for the topic sentence. All these
characteristics of Amharic writing have been implemented.

The second research question: how can the open text summarizer be used for Amharic news
text summarization? , was answered by achieving the next three more objectives of the
research. After identifying the requirement of the system, the tool was customized to support

Ambharic text summarization by including the Amharic writing systems for sentence parsing
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and tokenization, the different language lexicons and normalization characters. As discussed
above two different ways of stemming were also used. The customized systems were used to
extract summaries for the 30 articles at different extraction rates. The evaluation of the

systems showed very good results.

The automatic Amharic text summarization developed by Melese (2009) scored 47% F-
measure using topic-LSA method and The customized OTS for Oromifa by Girma (2012)
scored 81% F-measure (though it was tested using very short 8 news articles only). The OTS
customized using Amharic stemmer scored average F-measure of 72.37% for the 90
summaries extracted. Even though the same corpus and evaluating summary has to be used
to compare the different summarization systems developed, the results obtained show that

very good performance has been obtained by the Amharic OTS.

7.2 RECOMMENDATION

In order to achieve better results in automatic summarization and enhance future researches in
this area, the following recommendations are made on the basis of the observations in the

process of conducting the research.

> A complete list of Amharic lexicons should be prepared and made available. The list of
stop words, synonyms, abbreviations and compound words should be prepared in a
standard manner for Amharic language. The dictionary file in the OTS tool makes use of
these lists which improve the term weighting and sentence ranking processes of the

system that is tested in E1.

» There are different researches done in Amharic language stemming but there is still no
standard stemmer available to be used. For E2 a stemming algorithm developed by
Tessema (2007) is used. Including this stemmer in the OTS tool made it perform better as
observed in the evaluation results, performing independent of the size of the original
article. However it was slower in terms of time compared to the Porter stemmer used in
El.
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This research experimented text summarization for Amharic text using OTS, further
studies can be done for other Ethiopian written languages, other than Oromifa which is

already done by Girma (2012), as well using this tool.

Better results can be achieved for this experiment by including more Amharic lexicon
rules and lists in to the dictionary file and using a better stemmer that performs Amharic

stemming efficiently and uses dictionary to control over stemming.

The exact performance of the two systems tested in this research could be measured in
better quality, if a standard Amharic news text corpus and ideal summary is available.

Therefore, text corpus and ideal summaries should be prepared for future research.

An evaluation research can be done to compare the different systems developed so far for
Ambharic text summarization using the same text corpus and ideal summary to know

which system performs better.

Until the completion of this research, multi document text summarization for Amharic

text is not attempted. This can be a future research area.

Another future area can be multi language text summarization for local (Ethiopian)

languages or local language with foreign languages like English.
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APPENDIX

L. List of Amharic characters, libiliazed characters and numbers
A. Fidel
am | u 1 a ge | ()p)| O aa | u | 1i| a | ee |[(i)o)| O
(a] | [ul | [i] | [a] | [e/e] | [4] | [o/o] [a] | [u]l | [i] | [a] | [efe] | [a] | [o/]
H ) v 7 k4 ? ) v hk | @ | & | . | A T, f i
[h] | ha | hu | Hi | ha he h(s) ho [h] he | hu | hi | ha | he h(a) ho
L A i AL A 0 [} r W o a. € P ® - P
[ le lu Li la le [6)] lo [W] | we | wu | wi | wa | we | w(d) | wo
hih | ch | b | b | v ¢h ch A 0 0| % | 9 % o s
[h] | ha | hu | Hi | ha he h(s) ho [2] 2a | U | 2 | ?a | e 2(9) ?0
M o | ao- | @ | 4] a o q z il | L H i H H
[M | me | mu | Mi|ma| me | m( | mo [Z] Ze | zu | zi | za ze Z(d) Z0
s | w | we | e oM v Ve bt Zh/z | A | W | | | 18 ir "
[s] se | su Si sa se (o) SO [3] e | 3u | 3 | 3a | 3e 3(a) 30
R | ¢ | & | ¢ | ¢ | ¢ c © y O S S 4 [ &
[r] re ru ri ra re r(s) ro [i] Je | ju | ji | ja je j(d) jo
S 0 (- (" 4 8 0 d d L s £ 4 L, £ &
[s] se su Si sa se s(o) S0 [d | De | du | di | da | de d() do
sh/s | 1@ a | A | A 0, a g g | B | 8| ' 2 3 &
DT [ Je [ Ju [ Ji [ Ja | Je | (o) | JO [ds] | dse | dsu | dsi | dsa | dse | ds(e) | ds0
k/q | ¢ & | € | & % P $ g 1 (O I A ’ ° 7
[K] | k¢ | kKu | Ki | Ka | Ke | kK'(d) | kKo [0] | Ge | gu | gi | ga | ge L[©) go
B n 3 (} q 0 1 n th | m | @ | oL | A m T m
[b] | be | bu | bi | ba | be b(s) bo [t'] | te | tu | ti | t'a | te | t'(d) | to
T + t t | & 5 + + ch’/ | e | e | e | B | e® P v
[t] te tu ti ta te t(o) to 1 | e | Tu|fi|fa| e | °(3) | fo
chi¢ | F E t | F E T ¥ plp | A& A | A | & % & 2
4] | de | gu | g1 | ga | ge | §(d) | go [pP’] | pe|pu|pi|pa]|pe|p@©) | po
h/h 71 e L > b i i ts’/s | A& A | A A % S 2
[h] ha | hu | hi ha he h(s) ho [ts] |ts’e | ts’u | ts’i | ts’a | ts’e | ts’(Q) | ts’o
n b ' A q 2 7 T ts’/$ 0 6 1 9 9 0 b
[N] | ne | nu | ni | na ne n(s) no [ts] | ts’e | ts’u | ts’i | ts’a | ts’e | ts’(a) | ts’o
nyf| r | F || F 5 i L4 f & | ¢ | & | 4 éo & [
[Nl | ne | nu | pi | pa | pe | n() no [f] Fe | fu | fi | Fa | fe f(s) fo
P A b A A b h & p T F T T F T e
[21 | (a | u | @i| @a] (e | (?)() | (?)o [p] | Pe | pu | pi | Pa | pe | p(d) | po
k h | h h h, h h v a | o | a | da o, 4 o
[K] | ke | ku | ki | ka ke k(s) ko [V] | Ve | vu | vi | Va| ve V(o) VO
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B. libiliazed characters

k’vi | k’va | k’ve | ki | h¥i | hva | h*e | hvi | k™ | kva | k¥e | k™ | g™

gva | g¥e | g | IYa | bYa |zv¥a | t'™a |m“a | tva | 3%a | "va | rva | f™a

dzva | ts’va | sva | nva | dva | f*a | [*a | pva | ra | nia | fla E

V| A || |w | s |la|@ ]|+ | B 0|+ F || |1 |7T]|A

h{l |h|m|$§|R|s|S|qg|lqu|Db|t

(@]
[jm
>
[
5
3t

(hl | [0 | [h]1 | [m] | [s] | [rl | [s] | [J1 | [K] | [kv] | [b] | [t] [f] [hl | ] | [n] | [n]1 ] [?]

[kl | [h] | [wl | [?1 | [z1 | [31 | (i1 | [d]1 | [ds] | [el | [ev] | [€1 | [¢] | [p’] | [s] | [ts] | [f] | [p]

D. Amharic Vowels

(]
C

A e ) o

[a] | [u] | [i] | [a] | [efe] [[o]] [00]

E. Amharic Numbers

b | & | L |0 | & | 2 | Z | & 8|1
1 2 3 4 5 6 7 8 9 10
o 7 < A 30 O S A I R O - ¢
20 30 40 50 60 70 80 90 100 | 10,000
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II. List of Affixes

A. Prefix
Individual Prefixes Combined Prefixes
n A h? W78 hahk ae
n L ¥ hr4. A0y he
? ao P, hhh h1Le PAl
. aA 1 YA Y Aa AT
7 Al Anh, ARY nAY
B. Suffix
Individual Suffixes Combined Suffixes
7 [ Afu- P PEY oG
G PP AR~ PTy qgo goGgo
go Fo- NFo- PTG G9°q o577
i - 0Fu- PTg° G oE
£ P~ P 7 97
P ot PTG 8 7
v O PTG G9° Joy9°
q 't PFge Y 77
P At PTG G- rag
E At PEG fa.g gom.g°
o &k PEGI oG PO-g°
+ £ PEY ca.g° oM.y
U G P Go-g° a.g°
i PF PEPG .y uXes
g A® PEIY % PP
? .57 (uXs P-4
+ 0.5, Q.59 -7
790 7y 759°
79 79°G gra)
7 T GG
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I11. Normalization List

A. List of compound words

Compound Words | Normalized Form Compound Words | Normalized Form
0t hCehte7 O HCOTLET ot (Lt o0+
aohyy AP0 ao P00 avye. P40 aPYePL0
O+ avtt tav vt (AT (AT
0+ o0t A+o-k avlyy av PA1C aviav PA1C
O+ avY et (+aog¥ et PL avaPin PLavaPh
V1 0k v19v0t (+é a0t (+eao 0t
280 TICLI° 2EATICLI° niNé, P&IE (UAVR 2% e
224 AN 22A0A0 740 aAh T4004h
hea bt neanta? h&A 71C h&eA71c
A0 ot A%.00tT? A%dh vt REATEVAR
A%.0 ANQ A%.0AN0 a1 &rit [TDAS
ar Acet arncet O’ g°0C argeaac

B. List of Normalizing Characters

Same Sound Characters

Normalizing Character

Vich®h § Uicdhir § LI F 7ichid T Bichih
PV Pichi g

Viv-iZ2:i0:%:0:iIP

Wi D Wi 3 ULEL D A D YLE0L © AI0 G 0 A::Liazain:n
A0 KI0E AT TAIGE AT% E AT AP Aihihihibhihih
210 1 &30 A1 1 %171 %1% 1 Q16§ &P 0::9:9:9:06:28
nihe n
e Te
. : @ -

” Double space between two consecutive

words in one sentence

” Changed to Single Space
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C. List of words with different writing pattern

English Word Transliteration Form 1 | Transliteration Form 2
Oxford ahneECe: AhOe.ce
Sponsor a710C AOZI0C
Stadium HENSEE PRENSTE
Sport azct A0 CT
Television B0 BAOH 7 BOA?
European hCT DL AD-(CT DL
Automobile AD-FIO(LA AL
Automatic A@-F9th AtoPth
Encyclopedia AT ATRNACTLLTATNRNNTEL S
Technology FhT A8, +hiPaes,
Millennium WA TN LA LT
Computer DO TeAC nIOTOC
Email AT ATLeN
Some Amharic Words | 07728 ((C 14
with the same behavior | “LEH.E TLENE
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IV. List of Common Amharic Abbreviations and their expanded forms

Abbreviation
/0t
t/Ct
T/EA
JIh0SP
2040
L/He
L/30C
a/C
/(. t
a/h\P
/et
h/uc

o/C

o/cC

o/t
2/71CLP
T /DAL
@/0AN
F/0A0
M/ LOtC
&G
1/1.8C1.0
L/hCorte7
/0¢

7°/01

Expanded Form

TVCT Ot
+IPVCT
TPUCT hed
79°4 A0\ P
224 QAN
AL HeT
LA F0C
avgryC
aase (Lt
avf hAP
h&a bt
h&a v1C
wFLC
ORHE
OLHST
2LATICLI°
ThAOAL:
OAL A
GPl NAN
MmPAL TLi0TC
2ntc

M4 18CLA
0+ heorke
oA (g

7°nc 0+

Abbreviation
+/0LTI T
a/c
h/A

TL/ 16
N/8 56\
/DA
A/aP0C
Alk/
C/aeIPuC
T/t

9.9°
/0
/0
(./C

T/C

av, P,
Ak

&.C

9. 9.

h. b A
Av.
¢+.a0 &,

ThD.

Expanded Form
+ha V2719
TL0TC

hAZA

TLLEC R rl\
NCILC Loi\
TGO DAZA

AP av(1C

A%.0 ANQ

Chn aogPyC
TEHA T

Gao-t JoYLt

GCL (bt

ovet (Lt

(OrkC

TCENC

agyYq L0

a%.0 ANa

&ptC

Gavt A0

A8 hO-CT@L77 heMmC
A&sh VT
P04 avNF LCE

tenT16 htvt Fha
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V. List of Some Common Amharic Synonyms

Synonym Word Synonym Word Synonym Word Synonym Word
ao(GL Ut +Ye0 avFLh +Ravgav 4 gav TA?T  APL
A10% Fap agPYC A0t m  PH dimt  +LA+
+3H %8 Tl &9° AOTIHO  haoe sl Ahn
PLqP net AT00 hFAAa hAdrim AP O7TEN Tét
av’y > T ATt haha 670 -7 +Mavd, +aN0
A IAY ap AGA 9P BG BB MNTE OFF
av-a)t hche A8, AC Mmé.C 0778 &0 TLC
a4 A8 eacot 220t +eR,  Paeq AMSPL AHDE
Ly Tt oen  14M grac eve HI0  AdiN
ang  aomf P AfAl a7 PHA oh  aPrPrE
oG ANg N%C  HC HAZ. 1Pe. OMm9q 718G
weq av-f, & %00 MA TPYL AP oaNt Pa
myge PG 8%\  NCY? TO8E P ANTF aoavi @
9142 ana oPs U9 hnaa h4 AOh 00
04} 10 av I\ avpavss ot Hav-t AhA emavd,
add A0 PIRE YR0T Féh +H hOE T
age avj\ngo AT 4 Sk ANT79LL LT AT
fien 1008, 1144.8 NS ADADA  Aovit TChT aOHGT
Pav, $mé thehe 9o T0&6e 109 ANLATE AAERS
Pienl  BINL T Jod h707  hd9e9°

nnc avgavs @ P N (73 SC seh

N7 TCTI° goI0C Ve A0S A0

OHY any tdmé.m OLL tteh e

NAtS oM 178 108 nane éta
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VL

U+t
Ut 9°
A
vz
g

U
reP
U-h
U-ALH,
U 79°
AL
A
Ao
AR
aoIPY
TAt
Ak
avhA
N
PTNTT
9L
a9y
aqyg°
A7
A7

(LA

List of stop words

(L

OA
(LA
U7
NAPAN
NF
4t
i

0
achz
NAa9°r
(BxR
07A
-6\
n@-ar
amge
U7
0+aL
Ot+avAnt
(tapAa e,
eTALE
eTALL
T0A
1100
TINA N

Ten 16

Theo-GA
Fac

> T

67t

MNé

(43

(=

10~

12

T1C

et

ot

SFo-

AU7

Al

AN OP
AT O-PPA
AN DOPA
hOauy
AaqaN
ANONPA
ANdAL
AONTIH(:
ANTTHOPA
ANGCTPH

afle-Ctao-

ANCLTPA
NIt
a0hv

Aaht
h0h?

A28

A7C
AOh.LCh
A,

AT

anh

hHU~

hq

14

A28
AR106~T
281000
1RG5
WTRANCAT
W1LPlND-
WiLFem-
LN VA
WILAN b0
TN
oPt

Wre.u-9°



h78,
hHY
AH.L
hO18 1%
A1 1T M-
he1aes,
hi.y
A
nag
havy
havhhd
nager
hat
ho-ar
no¢
nét

Al

OHT
me.g°
og,

PG
oL4
@O
@-spp
@-6h,

£4

Lix
2104
A
OT°
e T
oA
pa-pp

£o¢

23 man
2V
L9
LN
OAHY
17
10260
10PN
“Ih,

1H
Tt
&t

L AdVs
Hé

2C
TGP

2106~

L1090
L
NAPA
OALPT
ot

re
av1\B~7
avI\B~7
ATPADTPA
251k
ey
NA7L:
4L
1nc

AR LAT®
(A
P

\ Vaad/)
68
hq9°
fow-
LAD7
avPEy
iy
ao [Py

N (GG

het+sd
ahe+s
PoLA
nag
ALV
gty
9o
goyI°
AT™7
et
LU
OH.Y
AAOCH
PUA
AIHY
NAHY
(XY
A1
4.8
A8
SFAN
0.4
PP
né-+
NAUPII°

WM
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VILI.

Dictionary Rules

“am.xml”

<?xml version="1.0"

encoding="UTF-8"?>
<dictionary lang="Amharic">
<stemmer>

<stepl_pre>

<rule>"|</rule>
<rule>(j</rule>
<rule>'|</rule>

<rule></rule>
<rule>\s|</rule>
<rule> |</rule>
<rule>¢</rule>
<rule>l</rule>

<rule>-</rule>

</stepl_pre>

<stepl_post>

<rule>:"|</rule>

</ru]e>

<ru]e>,"
<rule>."[</rule>
<rule>"z|</rule>
<rule>: "|</ru|e>
<rule>' :=|</ru]e>
<rule>: I|</l‘u]e>
<rule>:'|</rule>
<rule>.|</rule>

</rule>

|
<rule>,

<rule>|</rule>

<rule>i-|</rule>
<rule>i|</rule>
<rule>%</rule>
n
<rule>"|</rule>
1|
<rule>'|</rule>
<rule>s|</rule>
<rule>/</rule>
<rule>.|</rule>
<rule>..|</rule>
<rule>|</rule>
n
<rule>"|</rule>
<rule>")|</rule>
<rule>)|</rule>
<rule>?|</rule>
<rule>{</rule>
<rule> |</rule>
<rule>\sl</rule>
<rule>j|</rule>
<rule>l|</rule>
<rule>-|</rule>

<rule>--|</rule>

<rule>PTLTHT H</rule>

</manual>

<pre>

<rules</rule>

<rule>h7€8/rule>
<rule>h7€7</rule>
<rule>AliLj</rule>
<rule>h?&J</rule>
<rule>hP4/</rule>
<rule>A0j</rule>
<rule>A0iri</rule>
<ruleshiY</rule>
<rule=h78)/rule>
<rule>hAll</rule>
<rule=Phlj</rule>
<rule>Rl1</rule>
<rule>Ah</rule>
<rule=hf</rule>
<rule>071)</rule>
<rule>A</rule>

<rule>(1f|</rule>

</stepl_post>
<manual>
<ruleshANA@INANA</rules
<rule-N4-2ANGEA</rule>
<rule-NEASLNEA</rule>
<rule-NaeZ[ngPC</rule>
<rule>aPINAIAB</rule>

<rul e>?‘"l.'f‘1‘|"f’1"'1"< [rule>

<rule>N</rule>
<rule>h</rule>
<rule>h’j</rule>
<rule>hf|</rule>
<rule>Nj</rule>

<rule>9?)</rule>
<rule>7</rule>

<rule>(lj</rule>
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<rule>(|</rule>
<rule>@|</rule>
<rule>(</rule>
<rule>fl</rule>
</pre>
<post>
<rules|</rule>
<rule>"Fl</rule>
<rule>9®</rule>
<rule>"H</rule>
<rule>7</rule>
<rule>f</rule>
<rule>®|</rule>
<rule>Vl</rule>
<rule>P|</rule>
<rule>T</rule>
<rule>t@{</rule>
<rule>@</rule>
<rule>@-Gl</rule>
<rule>@GD{</rule>
<rule>@G7</rule>
<rule>@G7°</rule>
<rule>@9°G|</rule>
<rule>®9°</rule>
<rule>tH</rule>
<rule>Sl</rule>
<rule>99"</rule>
<rule>§9°G]</rule>

<rule>G7°7</rule>

<rule>G7</rule>
<rule>§¥Gk/rule>
<rule>G79%)/rule>
<rule>G7Y</rule>
<rule>GG|</rule>
<rule>G@</rule>
<rule>§@Gl</rule>
<rule>§79"</rule>
<rule>G@-9°</rule>
<rule>G@.Gl</rule>
<rule>G D9 /rule>
<rule>G@7Y</rule>
<rule>77/rule>
<rule>7G</rule>
<rule>757"</rule>
<rule>79°G|</rule>
<rule>79°%</rule>
<rule>79"</rule>
<rule>79°@</rule>
<rule>9°@.G]</rule>
<rule>°@.9</rule>
<rule>7°@.7%</rule>
<rule>9°7¥</rule>
<rule>9°G]</rule>
<rule>7°G9°</rule>
<rule>9°G¥|</rule>
<rule>9*F|</rule>
<rule>9*7</rule>

<rule>9°79°</rule>

<rule=9°7G]</rule>
<rulesTH</rule>
<rule>0H</rule>
<rule>A’H</rule>
<rule>AF@</rule>
<rule>0F</rule>
<rule>QH</rule>
<rule>0F@</rule>
<rule>0Fur</rule>
<rule>H</rule>
<rule>@-H{</rule>
<rule=®Ff</rule>
<rule>PFY</rule>
<rule>PEG|</rule>
<rule>PFEGIl/rule>
<rule>PEGY</rule>
<rule>P Il /rules
<rule>®EIOG|</rule>
<rule>PEPY</rule>
<rule>®F</rule>
<rule>PFY</rule>
<rule>9’$9“|</rule>
<rule>@ TG </rule>
<rule>@F 5] /rule>
<rule>PT79°)</rule>
<rule>PFGl</rule>
<rule>®PTGI0</rule>
<rule>f@</rule>

<rul e>§’:f‘|< [rule>
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<rule=PAl/rule>
<rule>F</rule>
<rule>F@</rule>
<rule=Pl</rule>
<rule>F{</rule>
<rule=Tij</rule>
<rule>ATvr{</rule>
<rule>®f</rule>
<rule-hBj</rule>
<rule>PB</rule>
<rule>P0-@</rule>
<rule>£@-97G]</rule>
<rule>P@-P1</rule>
<rulesT@</rule>
<rule>"i|</rule>
</post>
<synonyms>
<rule>BNALHE L 10</rule>
<rule>TPAGRHTE </rule>
<rule>h94{FA%</rule>
<rule>tat[48</rule>
<rule>P L& </rule>
<rule>a P& </rule>
<rule>Z &hHNLN</rule>
<rule>a>-9HnChC</rule>
<rule>a9H50 718 </rule>
<rule>aPOG|P4F</rules
<rule>7°0N2|oPM1L</rule>

<rule>?°G|ANG</rule>

<rule>ho9avH.F</rule>
<rule>MB9°FG</rule>
<rule>142[1A0</rule>
<rule>(1Z6[10</rule>
<rule>08FhH</rule>
<rule>(158aPANIO</rule>
<rule>{1Z0[19°L</rule>
<rules>$avl®ml</rule>
<rule>P 1R N®1ML</rule>
<rule>(1-CePEaP4 P</rule>
<rule>NLAFFCII°</rule>
<rule>02a0|02</rule>
<rules7€:0j@0 Q0 </rule>
<rule>aPPUCIANTTIG</rule>
<rule>F1FEI</rule>
<rule>A9T0AAAIAA</rule>
<rule>h1H{PH</rule>
<rule>hGA[1LIA</rule>
<rule>h71BAC</rule>
<rule>PACOAIR N </rules
<rule>®PQ[1¢.M</rule>
<rule>PEhS1</rule>
<rule>N2CHC</rule>
<rule>1200/MA</rule>
<rule>08AMCY7</rule>
<rule>d PG HI°F</rule>
<rule>a®\CjaoPaven<rule>
<rule>T*185]7£AT </rule>

<rul e>h7T|&A7< [rule>

<rule>7144. &m0 P</rule>
<rule>TheNGf LT < rule>
<rule>§7]F@p</rule>
<rule>¢ Al 16.</rule>
<rule>9®10CAVS</rule>
<rule>T4.mé.M@LL<[rule>
<rule=17£110d</rule>
<rulesLaPLIVIT2.000< [rule>
<rule>6Rb(IM|CH</rule>
<rule>ANTHOAADP</rule>
<ruleshd.TIMHA</rule>
<rule>670|@77</rule>
<rule>BSIRP®G</rule>
<rule>MA.CJA78</rule>
<rule>11en|PaP</rule>
<rule=Z9PNCI0Y</rule>
<rule>8Tl.LL</rule>
<rule>HALJ1d.</rule>
<rule>PYLHPAPA</rule>
<rule>t @8 B Po</rule>
<rule-PNAANS</rule>
<rule>trtHHaPt</rule>
<rule=g. </ rules
<rule>U-SHANTI99.0</rule>
<rule>hA@ADA A1 </rule>
<rule>T112-4 £[109</rule>
<rule>N7®1A2.909°</rule>
<rule>8&-ClAN</rule>

<rule>A(LFhAP</rule>

125



<rulest+ZNf1d</rules
<rule>NZ0ZRAC</rule
<rule>TA7APL</rule>
<rule>dinH+LAt</rule>
<rule>sBZJANA</rule>
<rule>®@TEA| P4 F</rule>
<rulestMavZ[H00L</rule>
<rule>TNNFFFG</rules
<rule>20TIVLC</rule>
<rule>hMGPLJAHIE</rule>
<rule>H10jAPL0</rule>
<rule>s@-AINI°F°rF</rule>
<rule>®@MI°AR 4G </rule>
<rule>@AAHPA</rule>
<rule>h\"Havar, O« /rule>
<rule-h@N|¢N{</rule>
<rulesANAkRI7¢</rule>
<rule>h@E[114</rule>
<rule>TCAMIPHGE </rule>
<rule>NAEGONF</rule>
<rule>ALA RO L </rule>

<ruleshRPLARDPPLA</rules
<rule>hFOIENR@-PFIIEN</rules
<rule>h07 CHOZ CF</rule>
<rule>hA1F8.090 38090 /rule>
<rule>hhNZ.CEIANNECE</rules
<rule>h07 0070 C</rule>

<rule>A. 7A2NAT L LA TALNNT.E

f</rule>

<rule>A. 702 NACE L LATARNN T

P</rule>
<rule>BAOH AN 7</rule>
<rule>BOA B 7</rule>
<rule>h@C T Q- C T DL 7</rule>
<rule>TLA 7RI LA LPIP</rule>
<rule>TLALLILA L0 </rule>
<rule>“1.2H.9"1.£ M1 </rule>
<rule>0972007 70 </rule>
<rule>E 2P AL ENT (8 </rule>
<rule>hgPTACInIPT.OHC</rule>
<rule>hA TBAATLLA</rule>
<rule>chjU</rule>
<rule>"U</rule>
<rule>ch|t~</rule>
<rule>"Ht</rule>
<rule>ch/Z</rule>
<rule>"1|Z</rule>
<rule>Y|U</rule>
<rulesch|U</rule>
<rule>PU</rule>
<rulesch|4</rule>
<rule>"t|Z</rule>
<rule>chlt</rule>
<rule>"1U</rule>
<rule>chjP</rule>
<rule>"§|P</rule>
<rule>t?|(i</rule>

<rule>t*{(k</rule>

<rule>¥i|(L.</rule>
<rule>¥A</rule>
<rule>i|(b</rule>
<rule>/”|1</rule>
<rule>¥’|0</rule>
<rule>0JA</rule>
<rule>0-A</rule>
<rule>%Jh.</rule>
<rule>%h</rule>
<rule>AjA</rule>
<rule>%h</rule>
<rule>hld</rule>
<rule>FJa</rule>
<rule>8/8</rule>
<rule>&{6</rule>
<rule>2[1.</rule>
<rule>8|9</rule>
<rule>&|%</rule>
<rule>&lo</rule>
<rule>8f</rule>
<rule>r|n</rule>
<rule>?T</rule>
<rule>@|@</rule>
<rule>:{si</rule>
<rule>gfi</rule>
<rule>g2</rule>
<rule>F[3</rule>
<rule>0j4</rule>

<ru]e>§|5</ru]e>
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<rule>%|6</rule>
<rule>Z{7</rule>
<rule>T{8</rule>
<rule>g|9</rule>
<rule>Tf10</rule>
<rule>A[20</rule>
<rule>Gi[30</rule>
<rule>5jj40</rule>
<rule>§|50</rule>
<rule>E|60</rule>
<rule>@Z{70</rule>
<rule>"{80</rule>
<rule>790</rule>
<rule>¥100</rule>
<rule>¢f[10000</rule>
<rule>/(LHTIUCT (bt</rule>
<rule>t/CHTIPUCT</rule>
<rule>HMEAFIUCT hEd</rules
<rule>P/A0P79°A AAP</rule>
<rule>2/QAGPESA AACL</rule>
<rule>&/HEHRAL HEF</rule>
<rule>£/F0C|LANL F0C</rule>
<rule>a?/ClaPg*YC</rule>
<rule>a/(LHaPOELE (LF</rules
<rule>@®/A0F|a0F hA P</rule>
<rulesh/hHoThea ttoi</rules
<rule=h/V1CN&A U1C</rule>
<rule>®@/C|®3L.C</rule>

<rule>@/C|@LHC</rule>

<rule>®/HO@Hé < /rule>
<rule>P/TICLIPLATICL I </rule>
<rule>T/OALITNADAL </rule>
<rule>@/NAMGIOAL AAM</rule>
<rule>@/QAOFPL NAG</rule>

<ru]e>(n/"7.'l.h'7‘C|m‘?"\,€,
T 7.0C</rule>

<rule>&/C|&n+tC</rule>
<rule>1/1.8CLAMNL 1.8CLO</rule>

<rule>(L/hCOHEY0F
hCikfr</rule>

<rule>9°/0&{TPN A (16</rule>
<rule>9°/(LHI°NC (t</rule>

<rule>T/ULT1GHThA
VLTS </rule>

<rule>71,/CI"LL0vIC</rule>
<rule>0/A\[pAZO</rule>
<ru]e>‘"i,/:€'lé-é\|"?,fc 6 1i-d\</rule>

<rule>l /EZ&-N‘GCP&C
6 ni-O</rule>

<rule>Au/DABANAGA DABA</rule>
<rule>AL/@HCAP THC</rule>
<rulesh/A/A.0 ANO</rule>
<rule>C/aPIPUCIChA IUC</rule>
<rule>T/HT &8 < /rule
<rule>%.99Ga0F FPUL<rules
<rule>®/LHECE: (h</rule>
<rule>8/0HpVEF LT </rule>
<rule>(1/C0LOFC</rule>

<rule>T/CITCé.NC</rule>

<rule>a?, ¢|000Yq PE0</rule>
<rule-h A0 ANO</rule>
<rule=2-CNHC</rule
<rule>9. 4|40 GAI°</rule>

<rule>h. . AJA L ADCTO-L7
APTNMC</rule>

<rule>hA VA& SN VNt </rule>

<ru]e>?'f‘.”°..Q‘.|?'f‘(m"r-;T‘ av o\ St
LCP</rule>

<rule>t.A. 3 [T T4 A0t
Jhi</rule>

</synonyms>
</stemmer>
<parser>
<linebreak>
<rule>#"</rule>
<rule>n</rule>
<ru]e>:='</ru]e>
<rule>?"</rule>
<rule>!"</rule>
<rule>?s</rule>
<rule>!s</rule>
<rule>?'</rule>
<rule>!'</rule>
<rule>:</rule>
<rule>?</rule>
<rule>!</rule>
</linebreak>
<linedontbreak-

<rule>.</rule>
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<rule>;</rule>
<rule>i</rule>
<rule>i</rule>
<rule>i</rule>
<rule>i-</rule>
<rule>i</rule>
<rule>A.A.</rule>
<rule>%.%.</rule>
<rule>%.9°.</rule>
<rule>a.m.</rule>
<rule>p.m.</rule>
<rule>G.C.</rule>
<rule>E.C.</rule>
</linedontbreak>
</parser>
<grader-syn>
<depreciate>
<rule> </rule>
<rule>(bt @20 t</rule>
<rule>(b+ NCAFEI</rule>
<rule>oP7 AP(01</rule>
<rule>(L+ @(VF</rule>
<rule>(b+ @20 & t</rule>
<rule>U1 a®70vt</rule>
<rule>P2A TICLI</rule>
<rule>22A NAM</rule>
<rule>h&A hrtoi</rule>
<rule>A%.0 ' 9</rule>
<rule>A4.0 ANO</rule>

<rule>011 OC%F</rule>

<rule>@ T (LF</rule>

<rule>aPaYG P&N</rule>

<ru]e>4’,6 m’ﬁ‘Pé\</ru]e>

<rule>(1F¢ av P10 F</rules>

<rule>d\é, P& 1% </rule>

<rule>740 Adh</rule>

<rule>h&A 71C</rule>

<rule>h§:én YN </rule>

<rule>01 &7 t</rule>

<rule>07 9°10C</rule>

<rule>oP1 a0 P(\C</rule>

<rule>£:¢ 16</rule>

<rule>® 42t </rule>

<rule> </rule>

</depreciate>
</grader-syn>

<grader-te>

<word>U-</word>
<word>U+r9°</word>
<word>"A</word>
<word>U-33</word>
<word>lPi</word>
<word>W'r</word>
<word>lPG’?°</word>
<word>Ub</word>
<word>U-\'LHh</word>
<word>U-79°</word>

<word>A2</word>

<word>fA</word>
<word>MAeF</word>
<word>A\%</word>
<word>@P'r</word>
<word>10"F</word>
<word>"1\t</word>
<word>a®ihid\</word>
<word>Po1.7%</word>
<word>?71. 7 </word>
<word>"1£:¢1</word>
<word>“7"7</word>
<word>“779°</word>
<word>(9°+7</word>
<word>(LUP"7</word>
<word>(LA\</word>
<word>(L{r</word>
<word>01A</word>
<word>(LMLA.</word>
<word>(LUP7</word>
<word>TlIAPA</word>
<word>F</word>
<word>{Ht</word>
<word>"ll</word>
<word>(13</word>
<word>(1ChF*</word>
<word>(109°r</word>
<word>0FF</word>
<word>(1"4A</word>

<word>0&</word>
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<word>(1@-(1P</word>
<word>(1MJ°</word>
<word>2U7</word>
<word>(I'+A2</word>
<word>(+avAnt</word>
<word>(1+aPA42.</word>
<word>TAfe</word>
<word>PTAfP</word>
<word>T0A</word>
<word>1100</word>
<word>T10\% N</word>
<word>T6n."14</word>
<word>TNTD-GA</word>
<word>T1C</word>
<word>3"T</word>
<word>1G7t</word>
<word>104</word>
<word>101¢F</word>
<word>1(1%-</word>
<word>1@</word>
<word>1£</word>
<word>71C</word>
<word>T1C T </word>
<word>%"t</word>
<word>GF@</word>
<word>AU-"7</word>
<word>Al</word>
<word>A0F@P</word>
<word>ANF@PPA</word>

<word>ANF @A PA</word>
<word>A0hU-"7</word>
<word>AA0N</word>
<word>AA00PA</word>
<word>A08.A1.</word>
<word>AQ0T1H(k</word>
<word>ANT7HOPH</word>
<word>A&-CTPéh</word>
<word>A14-Ct @ </word>
<word>ANL L1t PAh</word>
<word>7°N"2€F</word>
<word>hA0hv</word>
<word>A0hTi</word>
<word>A0hP</word>
<word>A78</word>
<word>A79C</word>
<word>A0N.LCA</word>
<word>h7</word>
<word>A7n7</word>
<word>hln</word>
<word>hl.U-</word>
<word>hS</word>
<word>h78</word>
<word>A2215</word>
<word>A78106~F</word>
<word>A2&1100@</word>
<word>A78+914T</word>
<word>A7LANLST</word>

<word>A 72PN D </word>

<word>A787¢®</word>
<word>A 781714 D</word>
<word>A78 166D </word>
<word>h74hT</word>
<word>@%T</word>
<word>A7%.U0-9°</word>
<word>h7%.</word>
<word>AlLU</word>
<word>AllS</word>
<word>A L7919 </word>
<word>hf 79 19T D </word>
<word>A L7478 </word>
<word>NH.V</word>
<word>N"4A</word>
<word>NAg</word>
<word>Na?7{\</word>
<word>herhihd</word>
<word>nA9°r</word>
<word-h3"F</word>
<word>n@(P</word>
<word>N,2¢-</word>
<word>hé-F</word>
<word>2¢é</word>
<word>®Ht</word>
<word>®LJ°</word>
<word>®L.</word>
<word>P4</word>
<word>®L4t</word>

<word>@1P</word>
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<word>0-¢f</word>
<word>®6R </word>
<word>fA</word>
<word>£r</word>
<word>210A</word>
<word>f"A</word>
<word>P(9°r</word>
<word>?3F</word>
<word>P@-(T</word>
<word>P@-5fP</word>
<word>fé</word>
<word>f</word>
<word>£ 3 ®Ad\</word>
<word>2U</word>
<word>£19°</word>
<word>£:40</word>
<word>0AH.VU</word>
<word>17</word>
<word>10\% A\</word>
<word>10\0PA\</word>
<word>“1H.</word>
<word>"Lh</word>
<word>P®t</word>
<word>é-t</word>
<word>A78P1</word>
<word>Hé</word>
<word>2C</word>
<word>T51LPé</word>

<word>?106~t</word>

<word>210\90\</word>
<word>(L{r</word>
<word>TIAPA</word>
<word>0AV1</word>
<word>h-f</word>
<word>UP9’</word>
<word>@?106~7</word>
<word>@?°1A\6-7</word>
<word>h-f</word>
<word>£51¢-(v</word>
<word>hgPAht+PA</word>
<word>2U9°</word>
<word>(1A72&</word>
<word>T42</word>
<word>1(1C</word>
<word>A2LA°</word>
<word>£4%</word>
<word>/¢é-</word>
<word>?/”¢-</word>
<word>AG9°</word>
<word>fA® </word>
<word>fA®D7</word>
<word>@P'r7</word>
<word>(19°P'+</word>
<word>9Pi</word>
<word>{lA°</word>
<word>(171A"t</word>
<word>h&15</word>

<word>0&+5</word>

<word>?.4</word>
<word>(14&</word>
<word>A2UP7</word>
<word>UP10</word>
<word>9"7</word>
<word>9"79°</word>
<word>A\9"7</word>
<word>%&t</word>
<word>&U~7</word>
<word>(1.U</word>
<word>hA(t</word>
<word>fUél\</word>
<word>hTH.U</word>
<word>(AH.YU</word>
<word>@TAd</word>
<word>A7478:</word>
<word>74.£</word>
<word>A74.VU</word>
<word>2FAd</word>
<word>(1"L0\</word>
<word>fUP1</word>
<word>(4-F</word>
<word>0AP19°</word>
<word>A"7</word>
<word>H6£</word>
<word>{lA®</word>
</grader-te>

</dictionary>
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VIIL. Guidelines for Manual Summary Preparation

Guidelines on How to Prepare a Manual Summary
Composed from (Girma, 2012) and (Melese, 2009)

The purpose of this research is to prepare an Automatic Amharic Text Summarizer using the
Open Text Summarizer by incorporation additional Natural Language Processing techniques
related to the Amharic language. The performance of this summarizer will be evaluated by
comparing it with a human prepared manual summary. Then you are kindly requested to prepare
a summary based on the following guidelines for the articles provided to you. The major action
that you will be taking is ranking each sentence of the articles based on their importance with
number 1 (for the most important sentence) to N (for the least important sentence), where N is
the total number of sentences in a single news article. A well structured and well organized
meaningful summary can be created combining these ranked sentences one after the other in
their order of rank. The sentence ranking guidelines are based on the decision on criteria that
includes Informativeness, Non-Redundancy, Coverage, Coherence and Referential Integrity.

These are described as:-

1. Informativeness — the sentence should contain the core idea of the article. That is in order to
get high rank, a sentence should be more informative and containing the main idea of the
article.

2. Coverage — a summary should cover all of the important topics presented in the news article.
That is the sentence that contain main topic of discussion should not be left out or given a
lesser rank and the highly ranked sentences should contain the maximum possible
information about the topic of the article.

3. Non-Redundancy — a repetition of ideas using different sentences should completely be
avoided. All the main topics of the news should be covered without repeating the same idea
with different words in another sentence. Therefore, if a sentence contains the same
information as one of the sentence that is already ranked, it should be given the least rank
than the other sentences whose information content is not ranked.

4. Referential Integrity — when reading the summary in the ranked order of the sentences, those
sentences that have referential words like pronouns and noun phrases should be easy for the

reader to identify to whom or what they are referring to in the sentence.
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IX.

5. Coherence — is the smooth flow of information about a topic in consecutive sentences. When

the sentences are read together, the idea should have a flow rather than having unrelated

sentences.

THANK YOU VERY MUCH FOR TAKING YOUR TIME TO PREPARE THE SUMMARIES!!!

Guidelines for Summary Subjective Evaluation
Subjective Summary Evaluation Guideline

Composed from (Girma, 2012)

This Guideline is prepared to help you, the evaluator, in the evaluation of the quality of the
automatic summary prepared for the selected news articles. Since you have read the article well
while preparing an ideal summary your participation in the evaluation of the automatic summary
is important. Therefore you are provided with the automatic summary equivalent of some of the
articles that you and others have summarized to evaluate the system’s performance subjectively.
You are provided a summary of few articles at the three different summarizing rates (10%, 20%
and 30% for each of the article) that are randomly selected. The evaluation criteria that you
should follow are described as follows.

1. Linguistic Quality — how readable and fluent are the summaries?

A summary should have a good quality when it comes to linguistics. The focus here is on
readability, fluency and quality of the summary. The evaluation includes criteria like
grammatical correctness, non redundancy and referential clarity. In grammatical correctness
you have to check the occurrence of grammatically incorrect sentences like fragments or
missing words in the sentences of the summary. In non redundancy checking, you should
look for repeated ideas in sentences to avoid unnecessary repetition. Referential clarity
measures the easiness to identify answers to “who or what” in the sentences. Based on the
quality level of the summary, please give rank to each of the summaries that you are
provided with a grade level from 1 up to 5 (which will be converted to 20-100%).

Informativeness — which of the summaries include the most important concept of the article?
It is measured in terms of the information content of the automatic summary to provide

enough information regarding the topic concept of the article. The level of satisfying the
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information need by each summary and containing the topic concept is different. You are
asked therefore to identify this level. Please read the topic statement and the automatic
summary extracted for each article. Based on the informative level of the summary, please
give rank to each of the summaries that you are provided with a grade level from 1 up to 5.
Coherence and Structure - how well is the summary structured and organized?

The summary should not be a heap of concatenated sentences. It should build up the topic of
the article in the consecutive sentences to a coherent summary. You should therefore look at
the buildup of the topic in consecutive sentences that comprise the automatic summary.
Based on the coherence level of the summary, please give rank to each of the summaries that
you are provided with a grade level from 1 up to 5.

How do you rate the summary?

That is to say, to what level of measure does the summary qualify in your observation? After
reading the automatic summary and the news article, from the overall observation what do
you think the automatic summary is from the five level of gradding — 1. Very Poor? 2. Poor?,
3. Fair?, 4. Good?, or 5. Very Good?

Please rank each automatic summary as:-
Quality Measure 1 12 |3 |4 |5

1. Linguistic Quality

i. Grammatical correctness

ii. Non redundancy

iii. Referential Clarity

2. Informativeness

3. Coherence and Structure

4. How do you rate the summary

THANK YOU VERY MUCH FOR TAKING YOUR TIME TO EVALUATE THE SUMMARIES!!!
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X.

Grade Score Given Under Subjective Evaluation for 45 Selected Summaries

Evaluation Grade Given

Total
Number Coherence Grade Total Grade
Original of Total Grammatical Non - Referential and Overall Score from Value in
File Name Sentences Correctness | Redundancy Clarity Informativeness | Structure Observation 30 %age

At 10%

SAL.txt 32 3 5 3 2 3 1 17 56.67%
SA2.txt 30 4 4 5 5 3 3 24 80.00%
SA3.txt 38 5 5 4 3 5 3 25 83.33%
SA4.txt 50 5 5 4 4 3 3 24 80.00%
SADbL.txt 37 4 5 3 4 4 3 23 76.67%
SAB.txt 53 4 4 5 4 4 2 23 76.67%
SAT.txt 38 4 5 4 4 3 2 22 73.33%
SAB8.ixt 44 5 5 4 4 3 3 24 80.00%
SA9.txt 45 5 5 5 5 4 4 28 93.33%
SA10.txt 51 5 5 3 5 4 3 25 83.33%
Average 42 4.40 4.80 4.00 4.00 3.60 2.70 23.50 78.33%
MAUZL.txt 64 4 4 5 5 4 4 26 86.67%
MAZ3.txt 73 5 4 3 5 3 3 23 76.67%
MAD.txt 61 5 3 5 4 4 4 25 83.33%
MAT7 .txt 56 5 3 4 5 5 2 24 80.00%
MAO.txt 70 4 3 5 5 4 3 24 80.00%
Average 65 4.60 3.40 4.40 4.80 4.00 3.20 24.40 81.33%
At 20%

SAl.txt 32 3 5 4 4 3 2 21 70.00%
SA2.txt 30 4 4 5 5 3 4 25 83.33%
SA3.txt 38 5 5 4 4 5 3 26 86.67%
SA4.ixt 50 5 5 4 4 3 4 25 83.33%
SAbS.txt 37 4 5 4 5 4 4 26 86.67%
SAB.txt 53 4 3 5 4 4 4 24 80.00%
SAT.ixt 38 4 5 5 4 3 3 24 80.00%
SAS8.txt 44 5 5 4 4 3 4 25 83.33%
SA9.txt 45 5 5 4 5 4 4 27 90.00%
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SA10.txt 51 5 5 4 5 4 4 27 90.00%
Average 42 4.40 4.70 4.30 4.40 3.60 3.60 25.00 83.33%
MA1L.txt 64 4 4 5 5 4 5 27 90.00%
MA3.txt 73 5 4 3 5 3 4 24 80.00%
MADS.txt 61 5 3 4 4 4 4 24 80.00%
MAT7 .txt 56 5 3 5 5 5 3 26 86.67%
MADO.txt 70 4 3 5 5 4 5 26 86.67%
Average 65 4.60 3.40 4.40 4.80 4.00 4.20 25.40 84.67%
At 30%

SAL.txt 32 3 5 4 3 3 2 20 66.67%
SA2.txt 30 4 4 5 5 3 5 26 86.67%
SA3.txt 38 5 5 4 4 5 4 27 90.00%
SA4.Ixt 50 5 5 4 4 4 5 27 90.00%
SAS.Ixt 37 4 5 5 5 5 5 29 96.67%
SAG.Ixt 53 4 4 5 5 5 5 28 93.33%
SAT.txt 38 4 5 5 4 3 5 26 86.67%
SA8.txt 44 5 5 4 4 3 5 26 86.67%
SAQ.txt 45 5 5 5 5 4 5 29 96.67%
SA10.txt 51 5 5 4 5 5 4 28 93.33%
Average 42 4.40 4.8 4.5 4.40 4.00 4.50 26.60 88.67%
MAL.txt 64 4 4 5 5 4 5 27 90.00%
MAZ3.txt 73 5 4 3 5 5 5 27 90.00%
MADS.txt 61 5 3 4 4 4 5 25 83.33%
MAT7 .txt 56 5 3 5 5 5 4 27 90.00%
MAQ.txt 70 4 3 5 5 4 5 26 86.67%
Average 65 4.60 3.4 4.4 4.80 4.40 4.80 26 88.00%
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Manual Evaluation Results

A. Linguistic Quality - i) measured in terms of Grammatical Correctness

10% Summary

20% Summary

30% Summary

Original
File Name Grade in % Grade in % Grade in %
SAL.txt 3 60% 3 60% 3 60%
SA2.txt 4 80% 4 80% 4 80%
SA3.txt 5 100% 5 100% 5 100%
SA4.txt 5 100% 5 100% 5 100%
SADB.txt 4 80% 4 80% 4 80%
SAB.txt 4 80% 4 80% 4 80%
SA7.txt 4 80% 4 80% 4 80%
SAB.txt 5 100% 5 100% 5 100%
SAO9.txt 5 100% 5 100% 5 100%
SA10.txt 5 100% 5 100% 5 100%
Average 4.40 88.00% 4.40 88.00% 4.40 88.00%
MAL.txt 4 80% 4 80% 4 80%
MAZ3.txt 5 100% 5 100% 5 100%
MADS. txt 5 100% 5 100% 5 100%
MAT7.txt 5 100% 5 100% 5 100%
MAO9.txt 4 80% 4 80% 4 80%
Average 4.60 92.00% 4.60 92.00% 4.60 92.00%
B. Linguistic Quality - ii) measured in terms of non redundancy
Original 10% Summary 20% Summary 30% Summary
File Name Grade in % Grade in % Grade in %
SAL.txt 5 100% 5 100% 5 100%
SA2.txt 4 80% 4 80% 4 80%
SA3.txt 5 100% 5 100% 5 100%
SA4.txt 5 100% 5 100% 5 100%
SADB.txt 5 100% 5 100% 5 100%
SAB.txt 4 80% 3 60% 4 80%
SAT7.txt 5 100% 5 100% 5 100%
SAB8.txt 5 100% 5 100% 5 100%
SA9.txt 5 100% 5 100% 5 100%
SA10.txt 5 100% 5 100% 5 100%
Average 5 96.00% 5 94.00% 5 96.00%
MAL.txt 4 80% 4 80% 4 80%
MA3.txt 4 80% 4 80% 4 80%
MADB.txt 3 60% 3 60% 3 60%
MA7 .txt 3 60% 3 60% 3 60%
MADO.txt 3 60% 3 60% 3 60%
Average 3 68.00% 3 68.00% 3 68.00%




C. Linguistic Quality - iii) measured in terms of Referential Clarity

Original 10% Summary 20% Summary 30% Summary
File Name Grade in % Grade in % Grade in %
SAL.txt 3 60% 4 80% 4 80%
SA2.txt 5 100% 5 100% 5 100%
SA3.txt 4 80% 4 80% 4 80%
SA4.txt 4 80% 4 80% 4 80%
SAS.txt 3 60% 4 80% 5 100%
SAB.txt 5 100% 5 100% 5 100%
SAT7.txt 4 80% 5 100% 5 100%
SA8.txt 4 80% 4 80% 4 80%
SA9.txt 5 100% 4 80% 5 100%
SA10.txt 3 60% 4 80% 4 80%
Average 4 80.00% 4 86.00% 5 90.00%
MAL.txt 5 100% 5 100% 5 100%
MAZ3.txt 3 60% 3 60% 3 60%
MAGB.txt 5 100% 4 80% 4 80%
MAZ7.txt 4 80% 5 100% 5 100%
MAO.txt 5 100% 5 100% 5 100%
Average 4 88.00% 4 88.00% 4 88.00%
D. Informativeness
Original 10% Summary 20% Summary 30% Summary
File Name Grade in % Grade in % Grade in %
SAL.txt 2 40% 4 80% 3 60%
SA2.txt 5 100% 5 100% 5 100%
SA3.txt 3 60% 4 80% 4 80%
SA4.txt 4 80% 4 80% 4 80%
SAS.txt 4 80% 5 100% 5 100%
SAB.txt 4 80% 4 80% 5 100%
SAT7.txt 4 80% 4 80% 4 80%
SA8.txt 4 80% 4 80% 4 80%
SA9.txt 5 100% 5 100% 5 100%
SA10.txt 5 100% 5 100% 5 100%
Average 4 80.00% 4 88.00% 4 88.00%
MAL.txt 5 100% 5 100% 5 100%
MAZ3.txt 5 100% 5 100% 5 100%
MAGB.txt 4 80% 4 80% 4 80%
MAT7.txt 5 100% 5 100% 5 100%
MAO.txt 5 100% 5 100% 5 100%
Average 5 96.00% 5 96.00% 5 96.00%
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E. Coherence and Structure
Original 10% Summary 20% Summary 30% Summary
File Name Grade in % Grade in % Grade in %
SAL.txt 3 60% 3 60% 3 60%
SA2.txt 3 60% 3 60% 3 60%
SA3.txt 5 100% 5 100% 5 100%
SA4.txt 3 60% 3 60% 4 80%
SAB.txt 4 80% 4 80% 5 100%
SAB.txt 4 80% 4 80% 5 100%
SA7.txt 3 60% 3 60% 3 60%
SA8.txt 3 60% 3 60% 3 60%
SAO9.txt 4 80% 4 80% 4 80%
SA10.txt 4 80% 4 80% 5 100%
Average 4 72.00% 4 72.00% 4 80.00%
MAL.txt 4 80% 4 80% 4 80%
MA3.txt 3 60% 3 60% 5 100%
MADS. txt 4 80% 4 80% 4 80%
MAT7.txt 5 100% 5 100% 5 100%
MAO9.txt 4 80% 4 80% 4 80%
Average 4 80.00% 4 80.00% 4 88.00%
F. Over all observation - how do you rate the summary
Original 10% Summary 20% Summary 30% Summary
File Name Grade in % Grade in % Grade in %
SAL.txt 1 20% 2 40% 2 40%
SA2.txt 3 60% 4 80% 5 100%
SA3.txt 3 60% 3 60% 4 80%
SA4.txt 3 60% 4 80% 5 100%
SADB.txt 3 60% 4 80% 5 100%
SAB.txt 2 40% 4 80% 5 100%
SA7.txt 2 40% 3 60% 5 100%
SAB8.txt 3 60% 4 80% 5 100%
SA9.txt 4 80% 4 80% 5 100%
SA10.txt 3 60% 4 80% 4 80%
Average 3 54.00% 4 72.00% 5 90.00%
MAL.txt 4 80% 5 100% 5 100%
MA3.txt 3 60% 4 80% 5 100%
MADS. txt 4 80% 4 80% 5 100%
MA7 .txt 2 40% 3 60% 4 80%
MAO.txt 3 60% 5 100% 4 80%
Average 3 64.00% 4 84.00% 5 92.00%




XIL

Objective Evaluation Results for Experiment One

A. At 10% Extraction Rate

Experiment 1 Number Number
Original Summary File | of Total | of Similar
File Name Name Sentences | Sentences F-Measure
SAL.txt E1SA1P10.txt 3 3 100.00%
SA2.txt E1SA2P10.txt 3 2 66.67%
SA3.txt E1SA3P10.txt 4 1 25.00%
SA4.txt E1SA4P10.txt 5 1 20.00%
SAS.txt E1SA5P10.txt 4 3 75.00%
SAG.txt E1SA6P10.txt 5 3 60.00%
SAT.ixt E1SA7P10.txt 4 2 50.00%
SAS8.ixt E1SA8P10.txt 4 1 25.00%
SA9.txt E1SA9P10.txt 5 2 40.00%
SA10.txt E1SA10P10.txt 5 1 20.00%
Average 4 2 48.17%
MAL.txt E1IMALP10.txt 6 4 66.67%
MAZ2.txt E1IMA2P10.txt 6 3 50.00%
MAZ3.txt E1IMA3P10.txt 7 3 42.86%
MA4 txt E1IMA4P10.txt 6 5 83.33%
MADS. txt E1MAS5P10.txt 6 4 66.67%
MAG.txt E1IMAGP10.txt 8 3 37.50%
MA7 .txt E1IMA7P10.txt 6 2 33.33%
MAZ8.txt E1IMAB8P10.txt 6 2 33.33%
MAOQ.txt E1IMAO9P10.txt 7 4 57.14%
MAZ10.txt E1MAZ10P10.txt 7 4 57.14%
Average 6 3 52.80%
LAL.txt E1LA1P10.txt 8 3 37.50%
LA2.txt E1LA2P10.txt 10 2 20.00%
LA3.txt E1LA3P10.txt 10 4 40.00%
LA4.txt E1LA4P10.txt 10 3 30.00%
LADS.txt E1LA5P10.txt 10 3 30.00%
LAG.txt E1LA6P10.txt 10 2 20.00%
LA7.txt E1LA7P10.txt 8 4 50.00%
LA8.txt E1LAB8P10.txt 9 4 44.44%
LAO9.txt E1LA9P10.txt 9 6 66.67%
LA10.txt E1LAL10P10.txt 13 5 38.46%
Average 9 4 37.71%
Corpus
Average 7 3 46.22%
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B. At 20% Extraction Rate

Experiment 1 Number Number
Original Summary File of Total | of Similar
File Name Name Sentences | Sentences F-Measure
SAL.txt E1SA1P20.txt 6 3 50.00%
SA2.txt E1SA2P20.txt 6 3 50.00%
SA3.txt E1SA3P20.txt 8 5 62.50%
SA4.txt E1SA4P20.txt 10 5 50.00%
SADS.txt E1SA5P20.txt 7 4 57.14%
SAB.txt E1SA6P20.txt 11 4 36.36%
SAT.txt E1SA7P20.txt 8 4 50.00%
SA8.txt E1SA8P20.txt 9 4 44.44%
SA9.txt E1SA9P20.txt 9 6 66.67%
SA10.txt E1SA10P20.txt 10 3 30.00%
Average 8 4 49.71%
MAL.txt E1IMA1P20.txt 13 6 46.15%
MAZ2.txt E1IMA2P20.txt 12 9 75.00%
MA3.txt E1IMA3P20.txt 15 8 53.33%
MA4.txt E1IMA4P20.txt 11 8 72.73%
MADS.txt E1MAS5P20.txt 12 8 66.67%
MAG.txt E1IMABP20.txt 15 8 53.33%
MAZ7.txt E1IMATP20.txt 11 7 63.64%
MAB8.txt E1MAB8P20.txt 11 8 72.73%
MAO9.txt E1IMA9P20.txt 14 9 64.29%
MA10.txt E1MAL0P20.txt 13 7 53.85%
Average 13 8 62.17%
LAL.txt E1LA1P20.txt 16 12 75.00%
LA2.txt E1LA2P20.txt 19 5 26.32%
LA3.txt E1LA3P20.txt 19 11 57.89%
LA4.txt E1LA4P20.txt 19 7 36.84%
LAS.txt E1LAS5P20.txt 20 9 45.00%
LAG.txt E1LAG6P20.txt 19 6 31.58%
LA7.txt E1LA7P20.txt 16 10 62.50%
LA8.txt E1LAB8P20.txt 17 7 41.18%
LA9.txt E1LA9P20.txt 17 11 64.71%
LA10.txt E1LAL10P20.txt 25 14 56.00%
Average 19 9 49.70%
Corpus
Average 13 7 53.86%
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C. At 30% Extraction Rate

Experiment 1 Number Number
Original Summary File of Total | of Similar
File Name Name Sentences | Sentences F-Measure
SAL.txt E1SA1P30.txt 10 3 30.00%
SA2.txt E1SA2P30.txt 9 6 66.67%
SA3.txt E1SA3P30.txt 11 8 72.73%
SA4.txt E1SA4P30.txt 15 6 40.00%
SADbL.txt E1SAS5P30.txt 11 6 54.55%
SAB.txt E1SA6P30.txt 16 6 37.50%
SAT.txt E1SA7P30.txt 11 5 45.45%
SA8.txt E1SA8P30.txt 13 10 76.92%
SA9.txt E1SA9P30.txt 14 11 78.57%
SA10.txt E1SA10P30.txt 15 9 60.00%
Average 13 7 56.24%
MAL.txt E1IMA1P30.txt 19 14 73.68%
MA2.txt E1IMA2P30.txt 18 14 77.78%
MA3.txt E1IMA3P30.txt 22 15 68.18%
MAA4. txt E1IMA4P30.txt 17 15 88.24%
MADB.txt E1IMAS5P30.txt 18 13 72.22%
MAG.txt E1IMAGBP30.txt 23 17 73.91%
MA7 .txt E1IMA7P30.txt 17 14 82.35%
MAB.txt E1IMAB8P30.txt 17 15 88.24%
MAO.txt E1IMA9P30.txt 21 13 61.90%
MAZ10.txt E1IMA10P30.txt 20 14 70.00%
Average 19 14 75.65%
LAL.txt E1LA1P30.txt 25 15 60.00%
LA2.txt E1LA2P30.txt 29 17 58.62%
LA3.txt E1LA3P30.txt 29 21 72.41%
LA4. txt E1LA4P30.txt 29 18 62.07%
LAS.txt E1LA5P30.txt 30 21 70.00%
LAG.txt E1LAGBP30.txt 29 18 62.07%
LA7.txt E1LA7P30.txt 24 21 87.50%
LAS8.txt E1LA8P30.txt 26 16 61.54%
LA9.txt E1LA9P30.txt 26 17 65.38%
LA10.txt E1LA10P30.txt 38 26 68.42%
Average 28 19 66.80%
Corpus
Average 20 13 66.23%

141



XIIL

Objective Evaluation Results for Experiment Two

A. At 10% Extraction Rate

Experiment 2 Number Number
Original Summary File | of Total | of Similar
File Name Name Sentences | Sentences F-Measure

SAL.txt E2SA1P10.txt 3 1 33.33%
SA2.txt E2SA2P10.txt 3 1 33.33%
SA3.txt E2SA3P10.txt 4 1 25.00%
SA4 txt E2SA4P10.txt 5 1 20.00%
SADB.txt E2SA5P10.txt 4 2 50.00%
SABG.txt E2SA6P10.txt 5 2 40.00%
SAT7.txt E2SA7P10.txt 4 2 40.00%
SAB8.txt E2SA8P10.txt 4 1 25.00%
SA9.txt E2SA9P10.txt 5 1 20.00%
SA10.txt E2SA10P10.txt 5 1 20.00%

Average 4 1 30.67%
MAL.txt E2MA1P10.txt 6 4 66.67%
MAZ2.txt E2MA2P10.txt 6 1 16.67%
MAZ3.txt E2MA3P10.txt 7 1 14.29%
MA4.txt E2MA4P10.txt 6 2 33.33%
MADB. txt E2MAB5P10.txt 6 4 66.67%
MAG.txt E2MAG6P10.txt 8 3 37.50%
MA7 .txt E2MA7P10.txt 6 3 50.00%
MAB8.txt E2MAB8P10.txt 6 1 16.67%
MAQ.txt E2MA9P10.txt 7 2 28.57%
MAZ10.txt E2MA10P10.txt 7 4 57.14%

Average 6 3 38.75%
LAL.txt E2LA1P10.txt 8 2 25.00%
LA2.txt E2LA2P10.txt 10 4 40.00%
LA3.txt E2LA3P10.txt 10 4 40.00%
LA4.txt E2LA4P10.txt 10 2 20.00%
LADS.txt E2LA5P10.txt 10 6 60.00%
LAG.txt E2LA6P10.txt 10 2 20.00%
LA7.txt E2LA7P10.txt 8 2 25.00%
LA8.ixt E2LA8P10.txt 9 3 33.33%
LAO9.txt E2LA9P10.txt 9 4 44.44%
LA10.txt E2LAL10P10.txt 13 4 30.77%

Average 9 3 33.85%

Corpus
Average 7 2 34.42%
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B. At 20% Extraction Rate

Experiment 2 Number Number
Original Summary File | of Total | of Similar
File Name Name Sentences | Sentences F-Measure

SAL.txt E2SA1P20.txt 6 3 50.00%
SA2.txt E2SA2P20.txt 6 4 66.67%
SA3.txt E2SA3P20.txt 8 5 62.50%
SA4.txt E2SA4P20.txt 10 8 80.00%
SADL.txt E2SA5P20.txt 7 5 71.43%
SAB.txt E2SA6P20.txt 11 6 54.55%
SAT7.ixt E2SA7P20.txt 8 7 87.50%
SA8.txt E2SA8P20.txt 9 4 44.44%
SA9.txt E2SA9P20.txt 9 5 55.56%
SA10.txt E2SA10P20.txt 10 4 40.00%

Average 8 5 61.26%
MAL.txt E2MA1P20.txt 13 5 38.46%
MA2.txt E2MA2P20.txt 12 5 41.67%
MA3.txt E2MA3P20.txt 15 4 26.67%
MAA4. txt E2MA4P20.txt 11 8 72.73%
MADB.txt E2MA5P20.txt 12 7 58.33%
MAG.txt E2MAG6P20.txt 15 6 40.00%
MA7 .txt E2MA7P20.txt 11 8 72.73%
MAB.txt E2MAB8P20.txt 11 6 54.55%
MAJ.txt E2MA9P20.txt 14 6 42.86%
MAZ10.txt E2MA10P20.txt 13 7 53.85%

Average 13 6 50.18%
LAL.txt E2LA1P20.txt 16 12 75.00%
LA2.txt E2LA2P20.txt 19 12 63.16%
LA3.txt E2LA3P20.txt 19 11 57.89%
LA4. txt E2LA4P20.txt 19 11 57.89%
LAS.txt E2LA5P20.txt 20 11 55.00%
LAG.txt E2LA6P20.txt 19 9 47.37%
LA7.txt E2LA7P20.txt 16 8 50.00%
LAS8.txt E2LA8P20.txt 17 12 70.59%
LA9.txt E2LA9P20.txt 17 9 52.94%
LA10.txt E2LA10P20.txt 25 14 56.00%

Average 19 11 58.58%

Corpus
Average 13 7 56.68%
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C. At 30% Extraction Rate

Experiment 2 Number Number
Original Summary File of Total | of Similar
File Name Name Sentences | Sentences F-Measure

SAL.txt E2SA1P30.txt 10 3 30.00%
SA2.txt E2SA2P30.txt 9 7 77.78%
SA3.txt E2SA3P30.txt 11 9 81.82%
SA4.txt E2SA4P30.txt 15 7 46.67%
SAS.txt E2SA5P30.txt 11 7 63.64%
SAB.txt E2SA6P30.txt 16 11 68.75%
SAT7.txt E2SA7P30.txt 11 10 90.91%
SA8.txt E2SAB8P30.txt 13 10 76.92%
SA9.txt E2SA9P30.txt 14 10 71.43%
SA10.txt E2SA10P30.txt 15 11 73.33%

Average 13 9 68.12%
MAL.txt E2MA1P30.txt 19 14 73.68%
MA2.txt E2MA2P30.txt 18 12 66.67%
MAZ3.txt E2MA3P30.txt 22 12 54.55%
MA4.txt E2MAA4P30.txt 17 12 70.59%
MAGB.txt E2MAS5P30.txt 18 13 72.22%
MAG.txt E2MAGP30.txt 23 16 69.57%
MA7 .txt E2MAT7P30.txt 17 14 82.35%
MAB8.txt E2MAB8P30.txt 17 12 70.59%
MAJ.txt E2MA9P30.txt 21 16 76.19%
MAZ10.txt E2MA10P30.txt 20 15 75.00%

Average 19 14 71.14%
LAL.txt E2LA1P30.txt 25 19 76.00%
LA2.txt E2LA2P30.txt 29 21 72.41%
LA3.txt E2LA3P30.txt 29 18 62.07%
LA4.txt E2LA4P30.txt 29 22 75.86%
LAS.txt E2LA5P30.txt 30 23 76.67%
LAG.txt E2LABP30.txt 29 17 58.62%
LA7.txt E2LA7P30.txt 24 19 79.17%
LAS8.txt E2LA8P30.txt 26 21 80.77%
LA9.txt E2LA9P30.txt 26 19 73.08%
LAL0.txt E2LA10P30.txt 38 28 73.68%

Average 28 21 72.83%

Corpus
Average 20 14 70.70%
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