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Abstract 

Summaries are considered as useful indicators of the document content. 

Traditionally, summaries are created by humans, through reading a text and 

identifying the most important points in it. But the information overloading makes 

such manual work very difficult. Many attempts have been made to automate the 

summarization task. 

This project aims at proposing a methodology for automatic text summarization 

based on extractive methods. Extractive summarization needs the selection of a subset 

of important, meaningful sentences from the source text. The work presents a method 

for automatic text summarization of a single computer science article using statistical 

and linguistic approach. About 50 experts' persons summaries were used to evaluate 

the proposed method. Our results show that using the combinational statistical and 

linguistic methods is better than using each method alone. 
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Chapter One Introduction 

1.2 Problem Statement 
Students and researchers constantly face this scenario: the number of used 

documents becomes very huge, which makes it so difficult for researchers or readers 

to read all of these documents, also, the time spent in reading these documents seems 

to be endless. 

The necessity of summarizing a document into a summarized text document 

becomes very important; because of the problem of huge number of documents. 

Automatic summarization involves reducing the original text to a short set of words 

that gives the text main meaning. 

Recently, there are many automatic text summarization systems which aim to 

perform the task like a human. These systems' results suffer from the lack of 

readability, coherence and redundancy elimination. 

1.3 Objectives 
This project aims to achieve the following two objectives: 

• The main objective is to develop a methodology for summarizing the text, which 

fulfills the following factors: 

1. Readability factor, by protecting the main idea of the text. 

2. Making connection between the sentences in the summary. 

3. Redundancy elimination, by founding the similarity between the sentences. 

• Our project tries to prove that the combination between the strengths of statistical 

methods and linguistic methods will succeed in producing the best summaries. 

1.4 Project block diagram 
The main steps of this project are illustrated in figure (1-1). 

Document Preprocessing 

Summary kt=====] Post Processing 

Feature 
extraction 

Summary 
generation 

Figure ( 1-1 ): Block diagram of extractive method. 
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II 

Chapter Two Background 

2.6 Types of summaries 
Text summarization syst < ·· tems can be classified based on different criteria. 

Different papers have discussed .:. : . some of these cntena. These categories are presented 

in figure (2 - 2), are as the following. 

Types of 
Summary 

Methodes Content Details Limitation Number of 
Input 

Language 

Abstract Indicative Domain Single­ Mono- 
dependant Document Lingual 

Extract Generic Informative 
Genre Multi­ Multi­ 
Specific Documents Lingual 

lndependan 

Figure (2-2): Types of summaries. 

2.6.1 Methods 
Text summarization systems are divided into extractive and abstractive 

methods that both are aimed at analyzing the texts and generalizing summaries 

from them. 

• Extractive summarization method 
This method works on selecting important paragraphs, sentences and key 

phrases from the original document and binding them into shorter forms. The 

extractive method has two approaches statistical and linguistic, that decides 

which is the important sentence based on the features of the sentences. Most 

of the recent automated text summarization systems are based on the 

extraction method; because it is conceptually simple and easy to be 

implemented. An example of the extractive system is NeATSll 2001 (Jezek 

1,2007). 

8 
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Chapter Two Background 

presents it as a summary. An example of a query based 

system is Miter's WebSumm (Aliguliyev,2009). 
summarizer 

2.6.3 Details 

This classification is based on the details and the amount of it to be included in 

the summary, which is important in the desired summary. The following are some 

of the categories used in this classification: 

• Indicative 

Indicative summary is used to determine what the fundamental issues 

that were mentioned in the original text. They can also give a brief and simple 

summary for each topic. The typical length of this type of summarization is 

5% to 10% of the main text. The advantage that comes out of this type of 

summaries is giving the reader a general idea about the text. This will make 

the reader decide whether he would continue reading the entire document or 

not. An example of indicative summarizer system is ADAM (Wong,2009). 

• Informative 
This category attempts to include all the contained concepts in the 

original text to the possible extent and within the limits of compression rate. 

The length of informative summary is 20% to 30% of the main text. An 

example of informative summarizer system is DimSum 1997 (vishal,2010). 

2.6.4 Limitation 
Another classification is based on limitation of input text. Here are the 

categories of this classification: 

• Domain dependant 
It only summarizes the texts which their subject can be defined in the 

domain of the system an example of domain dependent system is LAKE 

2004 (Aliguliyev,2009). 

• Genre specific 
The criteria of this type of classification that the system has limitation on the 

template of the text and accept only special type of texts as their input. There 

are different templates like newspaper articles, scientific papers, storie, 

10 



Chapter Two Background 

manuals and etc syste · h . · m usmg t e structure of these templates for generatmg 
the summary An ex l f . . · {ample ot genre summarizer system is GISTexter 2002 
(Aliguliyev, 2009). 

• Domain independent 

The independent systems do not have any predefined limitation and can 

accept different types of texts. An example of domain dependent system is 

FociSum l 999(Aliguliyev,2009). 

2.6.5 Number of input 
This classification is based on the number of documents which are input 

to the system. 

• Single document 
The system only accepts one (single) document or text. An example 

of a single document system is Luhn 1958 (Alonso, 2005). 

• Multi document 
A system accepts a group (cluster) of related documents, producing 

summary from a set of documents about an explicit or implicit main topic. 

An example of multi document system is SUMMONS% 1998 (Yang& Wan 
2008) . Factors that make multi document summarization more difficult 

include (Radev, 2002): 
Multiple articles can be written by different authors, having different 

document structure and writing styles. 
Multiple articles might have conflict in views of the same event. So we 

need a perfect summarizer to be able to detect and handle this situation. 

- Documents that have Facts and views can change over time because 

they written at different times. 

2.6.6 Language 
This kind of classification is based on the language of the input and 

the output (generated summary) text the categorize summarization systems 

consist of two main groups. 

% Mono lingual 
These systems only accept documents with certain languages, like 

11 
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English and the g t d ' enera e summary done on that language too. An example 

of mono lingual system is Edmundson1969(Yang& Wan 2008). 
• Multi lingual 

These systems can accept documents in multiple languages, and there 

is a freedom for the user to select the language that is desired to be 

the language of the generated summary. An example of multi lingual 

system is Chen & Lin 2000(Alonso,2005). 

2.7 The process of automatic text summarization 
The process of automatic text summarization can be described by the equation: 

Automatic text summarization= (topic identification+ interpretation+ generation) we 

can explain the process in points as the following (Dalianis, 2005): 

2. 7 .1 Topic identification 
It is the first step that includes the text identification, and its essence. 

There are various techniques to be done in the preprocessing phase. A document 
has specific parts that hold an important topic, the title is always important, the 

first sentence and the last in each paragraph. Moreover some words or phrases 

are important to determine where the essence of the text is, for example, 

in the summary and in the conclusion. 

2.7 .2 Interpretation 
We mentioned that text summarization has two methods; extractive and 

abstractive. The identification step is based on the extract method. The 

interpretation phase is performed by the abstract method that includes merging 

similar topics in to one and removing redundancies etc. 

2.7.3 Generation 
The final phase of an automatic text summarization is the generation of final output. 

It consists of four methods: 
• Extraction: when the process of summarizing is finished, then we print on 

the output of the resulting sentences and phrases. 

12 



Chapter Two Background 

• Topic lists· we d fi r · e ne lists of the most frequent keywords or interpreted 

concepts resulting from the summary and printed on the output. 

• Phrase concater iti 'f nation: ii there are two or more similar phrases in the 
generated summary, we merge them together. 

• Sentence generation: :. .3 . new sentences from a list of concepts and their related 
topics are the result of sentence generator. 

2.8 Text features 
In the text summarization the extraction of the features from the sentences 

play an important role. The features which are extracted are as the following 

(Fattah, 2008). 

• Sentence Location: Usually the first and the last sentence of a paragraph have 

great chances to be included in summary. 

• Cue-Phrase feature: sentences that include cue phrases such as: "In 

conclusion", ''this letter", ''this report", "summary" etc, have greater chances 

to be included in the summary. 
• Occurrence of non essential information: Some words such as: "because", 

"furthermore", and "additionally" are indicators of non-essential information. 

Sentences containing these words are the most excluded from the summary. 

• Similarity between sentences: this feature determines the similarity between 

the sentence and other sentences depending on the vocabulary overlap between 

them in the document. One of the similar sentences must be included in the 

summary. 
• Similarity with the title: this feature determines the similarity between 

sentences and the title depending on the vocabulary overlap between the 

sentence and the document's title. This feature increases the weight for the 

sentence to be occurring in the generated summary. 
• Inclusion of proper noun: a proper noun is a name of a person, a place and a 

concept etc. If the sentence contains more proper nouns, it becomes the most 

probably included in the document summary. 
• Inclusion of numerical data: if the sentences contain numerical data, they have 

great chances to be included in the summary. 
• Sentence relative length: it is used to determine the length of the sentence. If 

13 
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the sentence is too short . t II b ,it wil e not expected to belong to the final summary. 

2.9 Evaluation of text summarization 
Evaluation is an importa t f n part o any research and development effort. Each 

approach should be evaluated. Methods and metrics of evaluating summaries are used 

to determine the strength d s an weaknesses of the different systems of text 

summarization. 

There are indirect measures th t d t · a e ermme the usefulness and completeness of a 

summary (Madhavi,2002) such as: 

1. When the user read the summary, can he answer all the questions, as he would 

by reading the source document? 

2. What is the compression ratio between the summary and its source document? 

3. Redundancy: is there any repeated information in the summary? 

4. Quality measures that are usually difficult to measure are: 

5. Intelligibility 

6. Coherence 
7. Readability (depends on cohesion/coherence/intelligibility) 

Evaluation metrics are intrinsic and extrinsic. Intrinsic determines the quality of 

the summary. For example, evaluation of summary coherence, this metric is difficult 

to measure because the qualities of the summaries are judged by direct human 

judgment and human judgment varies from person to another. Extrinsic measures a 

system's performance in a particular task. For example, redundancy (Madhavi,2002). 
In extractive summarization, human summaries are used to evaluate automatic 

summarization. Human extract sentences from the documents to create manual­ 
extractive summaries. Then automatic summarization evaluated by computing the 

number of sentences common between automatic and human summaries. These 

measures are called Precision and Recall. This method is currently the most used 

method to evaluate extractive summarization (Madhavi,2002). 
Precision measure is used to evaluate the percentage of correctness for the 

sentences in the summary. On the other hand, Recall measure is used to evaluate the 

percentage of relevant sentences included in summary. F-measure combines both 

measures (Madhavi,2002): 

14 
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Chapter Three Literature Review 

3.1 Overview 
This chapter contains a s f . ummary o some unportant contributions related to the 

text summarization The ch t 1 . . · ap er a so mcludes extraction approaches to text 
summarization and comparis b tw th . . on et veen em. In the final section of this chapter, the 
importance of these works is presented in this project. 

3 .2 Extraction approaches in text summarization 
Previous studies have discussed a lot of text summarization approaches. Most of 

them are based on sentence extraction. The extraction is defines as selecting key 

sentences or words from the original text and using them to form the summary. There 

are four different approaches for scoring and selecting key sentences as the following 

(Amini, et al., 2009). 

3.2.1 Statistical methods 
Statistical methods are the first technique of text summarization, which extracts 

sentences that occurred in source text, without taking into consideration the meaning 

of the words. There are several statistical methods for selecting important sentences 

(Seo, et al., 2008). 

• Title method 
Title method defines as how many words are commonly used between a 

sentence and a title. The equations below show the similarity calculation 

between a sentence and a title query that can be calculate the score of sentences. 

sim$,, Q) = 2;-± Pu 'at 
Score(S;) = sim($,, ©) 

(3 - 1) 

(3-2) 

Where S; is an i th sentence and Q is a title query. w; is the binary weight 
of k th word in i th sentence and w qk is the binary weight of k th word in the title 

query. 

• Location method 
This method is determined through the type of the document. For example, 

in technical documents, sentences in the conclusion section are ranked high, 

while in news articles, first few sentences are ranked higher. 

• Aggregation similarity method 

18 
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Aggregation similarity d fi . . . . . efines as the sum of similarities with other all 
sentence vectors in doc ument vector based model. The score of sentences is 
calculated as the following equation. 

sim($,,S,)=}Awww (3-3) 
Score(S;) = asim(s,) = si(S/.S, (3-4) i. 2j=1,js; im i» ?j) 

Where Wik is the binary weight of k th word in i th sentence. 
• Frequency method 

This method based on how many times the term occurred in the document. 

The score of a sentence can be calculated as the sum of scores of the words in 

the sentence. 
ND w;= tf; x log df; 

(3-5) 

Where tf, is the term frequency of i th word in the document, ND is the 

total number of documents, and df, is the document frequency of i th word in 

the whole data set. 

• Term Frequency (TF)-based method 
The document that is divided into topics which each of them has a title is 

very useful to generate a summary. However, in special cases, it can be hard to 

extract a title from documents that do not have a title. The TF-based query 

method extracts high frequent words in a document, and the extracted words are 

used as a query instead of title. This method is used if the document does not 

have a title; the TF-based query method is used instead of the Title method. 

Like the Title method, the equation below calculated the similarity between a 

sentence and the TF-based query. 

sim(S,, TFQ)= 2}-±VrrFo 
(3-6) 

Where n is the number of words which is included in a document. w; is 
the binary weight of k th word in i th sentence and wrp, is the binary weight of k 

th word in the TF-based query. 

• Latent Semantic Analysis 
Latent Semantic Analysis is a technique that reduces the vector space in 

order to map "related" terms ( or co-occurring terms in a collection) into the 

same domain. LSA method was used for multi-document summarization. 

(Radev, et al., 2001). 
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3.2.2 Linguistic methods 
This method needs to b e aware and know deeply in linguistic knowledge, so 

that computer will be able t 1 0 analyze the sentences and then decide which sentence 
is to select depending on th • • . e position of subject, verb and name (Dongrui, et al., 
2010). Different methods in this approach are discussed here: 

• Lexical chain 

A le . al h · · xic c ain 1s a sequence of words, each word from the sequence can 

be combined to the sequence that has clearly the same meaning. All of the 

lexical chains of a text give a representation of the lexical cohesive structure of 

the text (Tatar, et al., 2008) 

In (Chengcheng, 2010), the steps of the lexical chain algorithm are: first, 

select the set of candidate words which are the results of the noun filtering 

process; second, the set of candidate words are exploded into senses, which are 

obtain from the WordNet thesaurus and each word sense is represented by 

distinct sets considered as levels; third, find the semantic relationship among the 

set of senses according to its representation. Fourth, build up chains that are sets 

such as: 

{(word, [sense,, sense,,, ]), 

(word, [sense,, sense,,, ]), 

In which words,-sence, is semantically related to word,-sense, for i#j; 
i ix J 

fifth, retain the longest chains by relying on the preference criterion. 
This example shows to us one implementation of the lexical cohesion 

approach as the driving engine of the summarization system. 

• Graph theory 
Graph method used for representing the structure of the text and the 

relationship between sentences. This method consists of nodes and edges. The 

nodes presented as the sentences in document and the edges presented relations 

between nodes. Toe relations are measured as a function of likelihood between 

contents. By using different similarity criteria, the similarity between two 
· lculated and each sentence is scored. The sentences with higher 

sentences 1s ca 
h 

~or final summary. A graph based method is used for 
scores are cl osen 1 

20 



p 

Chapter Three Literature Review 

computing relative importanc f . 
' .4 e o textual umts for natural language processing 
(Vishal, 2010). 

• Clustering 

Clustering is used to h rt h h s o t e uge amount of data by grouping similar 
data items together One ad ta .c. • · tvantige for using clustering algorithms is to provide 

automated tools to help in constructing text summarization and classification. 

This method can ensure the h f . . co erence o summanes by usmg the rank score of 
sentences with consideration of semantic features (Leil, et al,,2010). There are 
two different types of clustering: 

Static clustering: the vector of the cluster won't be changed by adding new 

document. 

Dynamic clustering: the vector of the cluster will be changed by adding a 

new document (Mehdi, et al., 2010). 

3.2.3 Combinational Statistical methods and Linguistic methods 
It is text summarization approach which uses both linguistic and statistical 

methods. This hybrid approach taking into account both linguistic and statistical 

hints to recognize terms. 
In (Shams, et al., 2010), this approach is used to summarize domain specific 

text from single web document. To do that, they used two novel features Sentence 

Weight and Subject Weight to rank sentences and then used a representative domain 

specific corpus for the domain Direct Current (DC) electrical circuits. The Results 

showed that 68%ofthe resulted summaries satisfy the manual summaries. 
In (Chang, et al., 2008) they summarized domain specific text from a single 

text document using both linguistic and statistical methods. The purpose of this 

paper is to propose a hybrid approach to text summarization. They propose a K­ 
mixture connective-strength-based (KCS) approach to improve the quality of 

document summary results. Result performance under summary proportion of 40% 

is still quite close to the best one (i.e. 50% summary proportion). 
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that is, they have no satellit e 1 es and the connected propositions have the same 
importance; otherwise, ·lati 3 , relations are mononuclear, with one nucleus and one 
satellite (e.g., concession and non-vol-result relations). RST originally defines 
around 25 relations. 

3 .3 Comparison between the four approaches 
• Statistical methods derive weights of key terms and the total weight that determine 

the importance of sentence, while the linguistics methods identify term 

relationships in the document through Part of Speech (POS) tagging, grammar 

analysis, thesaurus usage, and extract meaningful sentences (Shams,etal, 2010). 
• Statistical approaches are efficient in calculation the weight of the sentences and 

extraction sentences but linguistic approaches look into term semantics, which may 

make a better summary results than statistical (Shams, et al., 2010) . 

• The statistical approach is domain-independent and fast, but has an inherent upper 

bound of performance. 
• Linguistic methods are expensive because they need deep knowledge resources and 

text interpretation techniques; on the other hand, they may perform better than 

statistical methods. 
• In Combinational Statistical methods and Linguistic methods, the reliability of a 

statistical measure increases when applied over linguistic justified candidates. 

(Pazienza, et al., 2005) . 
• Toe Rhetorical Structure Theory can generate complete, correct and readable 

summaries based on understanding the important sentence and the relation 

between them in original text (Pardo, et al., 2008). In table (3- 1) Comparison 

between the four approaches. 
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3.5 Summary 
In this chapter we presented a summary of literature reviews related to this 

project. Firstly, we showed in the introduction of the chapter the four extraction 

approaches of text summarization, which are statistical, linguistic, combinational 

statistical and linguistic and rhetorical structure theory. Also we presented the different 

methods that are used in each approach. Then, we made a comparison between those 
approaches. 

Depending on that, we determined the approach that we will use which is 

combinational statistical methods and linguistic, because it seems that the reliability of 

a statistical measure increases when applied over linguistic justified candidates, and 

this what we will prove in the following chapters. 
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4.1 Overview 
In this chapter we will d · th 1sCuSS e methodology that we used in this project to 

summarize a single English t d ext ocument. The chapter includes the preparation 
phases for implementing this · Th . project. 1en, we will define the requirements of our 
project. After that we will d "b h . . escribe the preprocessing, features extraction, summary 
generation and post processing stages. 

4.2 Preparation phases for the implementation of the project 
Depending on the previous studies which talked about automatic text 

summarization approaches, we decided to use the combinational statistical methods 

and linguistic methods in our project. 

4.3 Defining the requirements the project 
Before talking about the methodology of this project, we will define the 

conditions which present the properties of the source text. These conditions are: 
1. Mono language text, and the language that we chose was (English language). 

2. Specific computer science articles domain was chosen to be the subject that we 

want to study. 
3. In our study, we relied on using single document. 

4.4 Collecting samples of documents 
Computer science articles are taken as a case study in this project. As a result, 

the second step of this project is collecting articles of computer science. 

4.5 Preprocessing documents 
Preprocessing document stands for four stages. Firstly, stopwords will be 

omitted in order to deal with content words easily. Secondly, every abbreviation will 

be replaced with its full words. Thirdly, we mention the word's part of speech. Finally, 
; will be done. The following figure(4 - 1) contains an explanation for 

segmentation wni 

these four activities. 
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Document Removing 
Stop Words 

Replace 
=====?J Abbreviations k=] 'Vord Tagging 

DB ======[egmentation 

Figure ( 4 - 1 ): Preprocessing stage. 

4.5 .1 Removing stopwords 
Stopwords are defined as general words that carry less important meanings 

than other words, such as "about", "at", ''the" ... etc. A list of 368 stopwords will be 

used in this step. Comparable lists are available in many places on the World Wide 

Web. Stopwords will be removed by following two steps: 

1. Classifying stopwords to useless or useful words. Examples of useful words are 

(conclusion. example, today ... ). But useless words are (at, the, some ... ). 

2. Removing useless stopwords. 

See the stopwords list in the Appendix (B). 
Algorithm( 4- 1) will be used for removing stopwords. The objective of 

removing stopwords is to reduce the document size, so reduce the parsing times. 
--------------------------------------------------------------------------- 
N = number of words in document 
k[ J = stop word list 
j [ J = useless list 
Do while word number <> N 

Read document 
If (word include? in j) Then 

Remove word 
End if 
Next word 
Store document 

Algorithm(4 - I) 

End do -------------------------------------------------- 

Removing stopwords is shown in figure (4-2)­ 
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Documents Search For Document 
DB StopWrod in Remove 

document Stop Words without 
Stop 

Documents Update the 

Useless DB document in 
DB 

Stop/ord [=====} DB [F Classification Useful 

Figure ( 4-2): Removing stopwords step. 

4.5.2 Referring abbreviations 
Every abbreviation will be referred to its original words. Algorithm( 4 - 2) will 

be used. The objective of this step is to know the real number of terms. 
----------------------------------------------------------------------------i Algorithm(4 -2) { 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

N = number of words in document 
abb[] = Abbreviations list 
Do while word number<> N 
Read words 
If (word include? in abb) Then 

Replace the word by the original text 

Update words 
End if 
Next word 

__End do------------------------------------------------------------------- 
Referring abbreviations is shown in figure ( 4 - 3). 

earcf -or eplace every 
Documents 'Abbreviations abbreviation L======J 

DB ====>]' inthe ====dh,,th its value 

Update the 
document in 

DB 

Documents 
DB 

Figure ( 4-3): Referring abbreviations step. 
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4.5.3 Word tagging 
The part of speech will be put besid 1. Looking fo th . e each word by using the following steps: 

r e word in a look d' . 2 Deter th up lictionary. The WordNet will be used. 
. nmne e correct tag to each word 

Algorithm( 4- 3) will be d fo use for Word tagr The 5. :. • determine the £ging. he objective of tagging 1S tO 
e e part of speech (POS) for 

and 1
. t f bs 'every word, so we can get a list of nouns 
1s' O; Ver'S. 

r--------------------------- jM=numberofsentences indoc13--------------­ 
: Do while sentence number<> M Algonthm(4 - 3) : 
I I 

: Read sentences 
I l Scan the sentence by WordNet 
l Store WordTag 
: Enddo I I 

------------------------------------------- : Word tagging is shown in figure(4 -4)."------------------77° 

DB 
Check the 
index for 
each word 

Join the 
words in 
sentences 

Search each 
word in 
TWordNet 

Put a tag 
beside the 

word 

Determine 
POS for the 

word 

DB 
VordNet 

JJJJJJJIIeeeee 

DB 
Tag 

Figure (4 - 4): Word Tagging Step. 

4.5.4 Segmentation 
The document can be segmented into paragraphs if there are (.) and (\n). 

Then, every paragraph can be separated into sentences by one of the three ends of 

sentence symbols: (. ), (?)and(!). Those symbols will be used to split the text into 

individual sentences. There are some exceptions when one of those symbols does 

not indicate a sentence boundary. For example, MS.,DR., and 100.00, this symbol 
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(.) does not indicate sentence boundary, it must followed by space to be sentence 

boundary. After that every sentence can be segmented into words depending on the 
spaces between the words. By the end of this step, we can get a word and its 

mapping with its address (paragraph, and sentence). This step facilitates the 

processes of extracting features. Because we can easily find the words and extract 

their features, we can find the sentences and extract their features. Algorithm (4- 4) 

will be used for segmentation. This step is illustrated in figure( 4-5). 

1-------------------------------------------------------------------------- I 
i Mytext=input document Algorithm(4 - 4) { 
I I 

' For ifrom Oto mytext.size : 
I Parse mytext : 

If there are ("\n" & ". ") 
Paragraph= mytext.split 

End 
For j from Oto paragraph.size 

Parse paragraph 
If there are ". " or "> or "!" 

Sentence= paragraph.split 
End 
For k from 0 to sentence 
Parse sentence 
If there is " " 

Word= sentence.split 
End 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: End I ~----------- 

End 
End 

---------------------------- 

I 
I 
I 
I 
I 
I 
I 
I ________________ J 

------------ 

Parse and 
Docume° L==©] detect text for ==S] 

DB ""&"in" 

Divide text 
into 

paragraph 

For each paragraph 
detect for"." or "?" 

====;>] or"!" 

I I 
sentence split paragraph 

kg=] towora K=7;to sentences 

. (4 5): Segmentation step. Figure - ­ 
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4.6 Feature Extraction 
In this step we will extract b hich will be both the sentence level and the word level features 

w c wt e used in calculatin the . 

th d 
g importance or relevance of the sentence towards 

e ocument. 

4.6.1 The word level features 
The important words can b xtr d e e acte from the text by using a set of features. 

These features are: 

VVord 
Features 

Term Frequency­ 
Inverse Sentence 

Frequency 

Existence in 
the Title 

Length of the 
Word 

Figure (4- 6): Word Features. 

1. Term Frequency-Inverse Sentence Frequency(TF_ISF) 
Term Frequency: This is the number of times the term occurred in the 

document 
Inverse Sentence Frequency: Terms that occur in only a few sentences which 

are more valuable than ones that occur in many sentences. In other words, it is 

important to know in how many sentences of the document a certain word exists 

since a word which is common in a sentence but also common in most sentences 

is less useful when it comes to differentiating that sentence from other sentences. 

ISF measures the information content of a word. The inverse sentence frequency 

is calculated with the following equation ( 4-] ). 

1sF, =tog(;) 
(4-1) 

The Term Frequency-Inverse Sentence Frequency is calculated by the 

following equationt (4- 2) (Vishal, 2010). Algorithm (4- 5) will be used for 

TF_ISF. 

32 



Chapter Four 
Methodology 

......__ --::: Count he e_ 

Documents as occurrences count the sentences 
DB ... Count the aA - 4# for each word in which each term • sentences - - --., 

...__ occurs 

....._ ..... •• 
.. calculate 

DB ... TF _ISF 
....._ 

Figure ( 4- 7): Step for Calculation of TF_ISF. 

2. Existence in the title of document 

Titles and headings are considered as short summaries of the texts. The 

words that exist in the title or their synonyms are important and have high 

scores. Algorithm ( 4 - 6) will be followed to extract this feature. This feature 

will be computed as the following: 
. . . { 1, if found in the title 

Existence m the title(w) = 0, if not found in the title 

' M= umber of terms in the document Algorithm(4- 6) 
N= number of terms in title 
For i from I to M 
For jfrom I toN 
If title[j]== term[i] 

: score++ 
I 
I : Nextj 
'Ne 5 L __ extz ) 

This step is illustrated in figure ( 4-8). 
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DB 
thesaurus 

DB Get the title 
sentence 

Spilt the title 
into word 

Find the 
synonyms for 
each word 

DB 
Search for each 

k====?) word in 
synonyms 

save 1 in title 
filed 

l=] Save 0 in title 
filed 

Figure( 4- 8): Extraction existence in the title of document. 

3. Length of word 
Algorithm ( 4 - 7) will be followed to extract the length of the word. This 

feature will be computed as the following: 

nGy [Lf length > threshold 
Lengtl w 7.0,if length ~ threshold 

---------------- -- -- - I M= number of words in the document Algorithm(4 - 7) + I 

Length= word length : I 

For ifrom 1to M + 
Length[i] =term[i].length j 

Next i : L-------------------------------------------------------------------------1 
The figure ( 4- 8) shows the extraction of lengths feature: 
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DB 
for each 
word 

calculate the 
====;} number of }==} 

character 

save the 
number of 
character in 
length word 

Update DB 

Figure ( 4 - 8): Extraction words lengths. 

Word weighting: The weight of every word in the document will be calculated 

by summing the scores for each word's features, as equation (4-3) shows. After 
that, these weights will be used to determine the terms which called keywords. 

The existence of these keywords in the sentence can be used later as a sentence 

feature. 
Weight(w) = a (TF - ISF) + f3 (Existence in the title) + p(length) (4-3) 

4.6.2 The Sentence level features 
Important sentences can be extracted by using a set of features which are 

described in the figure( 4-10): 

Sentence 
Features 

Length of the 
sentence 

Location of 
the sentence 

existence of 
Cue_Phrase 

existence of 
Biased word 

existence of 
KeyVord 

Figure (4-10): Sentences Features. 

1. Location of the sentence 
'thm (4 8) will be used to determine the location of the sentence . 

Algoritt ­ 
Location can be computed as the following: 

1,if the sentence location = threshold 
Location(s)= \, Otherwise 
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N== number of paragra h--.- -i ---- -- - -- -- ------ --- - - - - -- -- -- -- - - - - - - - - - - - 
For ifrom 1 to N rp s mt e document Algorithm(4-8) { I 

Parse paragraph { 
if there are "."or "?" or ,,,,, : • I 

sentence= paragraph[i].split l 
End : I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 

ilk» &&r &kal as woos tars «er 

For j from 1 to sentence.size 
location(sentence[j]) =j 

Nextj 
Nexti 

.._ , 
as 

Check the Join the Check the 
index for 

s e 

DB ., words in to index for each 
each word 

., ., 
sentences sentence 

~ 

e l 

save 1 in the yes Check the Join the ... if location = a» location of the 
4==== location felld .. threshold '" sentence in 

sentences in 

paragraph 
to paragraph 

Jl NO 
....__ ~ Qt o 

aA save O in the 
DB W location feild 

...._ ~ 

Figure (4-11): Extraction sentence location. 

2. Length of the sentence 
We used algorithm( 4-9) to extract the length of the sentence. This feature 

is computed as the following: 

{
1, if length ~ threshold 

Length(s) = o, if length< threshold 
,--------------------- - ~ } N=number of sentences in the document Algorithm(4-9) { 
I I 

: For ifrom O to N : I I 

: W= sentence[i}.split : I I 

: Length=word.size : I I 

: Next i : ~-------------------------------------------------------------------------' 
Figure ( 4- 12) shows the extraction of sentence length feature: 
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... ..... 
Check the 

e 
.. .. Join the 

DB Index for ... Parse and detect ~ MOO words in to .. 
each word ? ? sentence for" " sentences 

• • 
save 1 in the , yes If length> 

count the split each 

length filed 
a words for n sentence into 

w V each ... words 

JL 
sentence 

0 
3 ..... 

... save 0 in the 
DB ... length filed 

.... 

Figure ( 4-12): Extraction sentence length. 

3. Existence of Cue phrase 

Sentences may contain some cue phrases (e.g. "in conclusion", "this 

letter'', ''this report", "in this paper", "purpose", "attempt" ... etc). These phrases 

are divided into two categories: 

• Bonus phrases, e.g.: "significantly", "In this paper", and "In conclusion". 

• Stigma phrases, e.g.: "for example", "because", "also". 

The complete cue phrase list is in Appendix (B). 

This feature can be computed as: 
· { 1, if bonus phrase 

Cue phrase(s) = O, if Stigma phrase 

Algorithm(4-10) will be followed for extracting this feature. 
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{yraa foal io) 
M= number of cue phrase in the list j 
Classify cue phrase list into bonus and stigma [ 
For i from I to N 
For jfrom 1 toM 
If sentence[i] include cue_phrase[j] 
If cue_phrase[j] = bonus phrases 

Score++ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: Nextj 
I 

: Next i 
I------------------------------------------------------------------------- 

Next cue-phrase 
Else 

if cue-phrase[j] = stigma phrases 
Score -­ 

End 
End 

End 

The existence of cue phrase feature will be extracted as figure (4-13) shows. 

DB 

Check the 
index for 
each word 

Join the 
words in 
sentences 

Cue 
phrase 
DB 

search for cue Classification 
t} phrase in the ==} into to bonus 

sentence and stigma 

save -1in the 
Cue phrase 

field 

ye 

save 1 in the 
Cue phrase 

filed 
DB 

Figure(4 - 13): Extraction existence of cue phrase. 
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4. Existence of keywords 

The weights for words will be calculated as we mentioned earlier in this 

chapter. These weights will be used to determine the keywords from the 

document's words. If the word's weight will be more than such threshold, the 
word can be selected as a keyword, as: 

KevWoraw) = [}f weight(w) > threshold 
ey' or w O, if weight(w) < threshold 

The sentences which include keywords will be had more score, as the following 
formula: 

{
1, if number of keyword ~ threshold 

Existence of Keywords(s) °o,if number of keyword <threshold 

Algorithm( 4- 11) can be followed to extract this feature. 
--------------------------~ "kl rill kl eta 

I M= number of terms in the document : 
For ifrom 1 to N 
If weight(term[i])> =threshold 

keyword[i] = 1 
Next i 

i For jfrom 1 toM 
I 

! If keyword[j]==I 
I 

: Score(sentence[term])++ 
I 

l Nextj , 
I ------------------------------ 

-----,psywords feature will be extracted as the following figure The existence 0 

(4-14) 
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Key\lord 
DB 

DB 
Check the 
index for 
each word 

Join the 
words into 
sentences 

search for 
======5] keyword in the 

sentence 

Put one in the 
keyword filed {K{==== 

count the 
keyword in 
the sentence 

If keyword 
exist 

DB 
Put Zero in 

K====} the keyword 
filed 

Figure (4-14): Extraction existence of keywords feature. 

5. Biased Word Feature 
If biased words are found in a sentence, the sentence is considered as 

important. Biased words list is previously defined, and it may contains domain 

specific words. Algorithm(4-12) will be followed for extraction biased words. 

This feature can be computed as: 

{
1, if number of biased > threshold 

Biased Word Features) \9,f number of biased <threshold 

-------------------------------------------------------- - - 
N= number of terms in the document 
M= number of biased in the list 
For i from I to N 
For j from I toM 
If term[i] = biased[j] 

Score+ + 
Next i 

Else 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------------------------------------- - L-------------------------------- - 

Next i 
Next j 

Algorithm(4-12) 

Figure (4-9) shows the extraction of biased words existence. 
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Biased 
DB 

DB 
Check the 
index for 
each word 

Save 1 in the 
biased filed 

Join the 
words in 
sentences 

search for 
======?} biased wrds in 

the sentence 

count ie 
3X=] iased word5 [{==4 

in the 
sentence 

If biased 
words exist 

DB 
==] 5ave 0 in the 

biased filed 

Figure ( 4-15): Extraction biased feature. 

Sentence weighting: by the end of this stage, the weight of every sentence in the 

document will be calculated by summing its features scores, as equation (4-4) 

shows. 

Weight(s) = a(location) + B(length) + (cue - phrase) 
+ y( existance of keyword) 4 0(biased) (4-4) 

4.7 Summary Generation 
Summary generation will be the third stage in this project. This stage will 

produce the first summary. The sentences that have weights more than such threshold 

will be selected to be in the first summary. Algorithm( 4 - 13) will be followed for 

sentence selection. 

{ 
Selected, if weight(s) > threshold 

Sentence Selection(s) = not selected, if weight(s) < threshold 
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: N- ------------------------------ i /=number of sentence in the documen ·>-----------------------------------7 
: For i to N 2nt Algorithm(4-13) { 
I I 

} Ifsentence weight>= threshold j 
} Select the sentence j 
} Endif { I I 

! Nexti j 
I I 

-------------- --------------- I 
-------------------------------------------- I 

Figure (4-17) shows the sentence selection. 

DB 

~ 
Calculate 
sentence 
weight 

Ignore the 
sentence 

First 
Summa ---· Select the 

sentence 

Figure( 4 - 17): Sentence selection. 

4.8 Post processing 
After the extraction and generation of the first summary, some post processing 

steps will enhance the summary and produce the final summary. The post processing 

steps are shown in the figure( 4- 18). 

k====] Ordering the 
sentences 

Connecting 
Words 

Sentence to 
Sentence 
Similarty 

Removing 
kt====] URLs and E­ 

mails 

Figure( 4 - 18): Post processing stage. 

4.8.1 Ordering the sentences 
The highest weight sentences will be organized in order to get the summary 

Al 
'thm(4 _ 14) will be followed for ordering the sentences, as 

of the document. gon 

shown in figure( 4-19). 
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f N- ----------------------------- { '=number of sentence in th ·=-----------------------------------3 , e summary . ' : For i from 1 to N Algorzthm(4-14) : 
I I 

} Sort(sentence/i]) by location(sentence[i]) j 
j End UU { ' 
L----------------------------------------------------------------------------l 

DB 

sentence 
{=;]location in the}== y 

os] original text 

Order the sentences 
according to their 
location taking into 

account the coherence 

Figure( 4- 19); Ordering the sentences. 

4.8.2 Connecting words 
The appearance of connecting words such as "accordingly", "again", "also", 

"besides" ... etc at the beginning of the sentence provides a coherence with the 

previous sentence. Linguistically, a sentence cannot start with the above words 

without any related introduction in the previous sentence. The following figure( 4 ­ 
20) shows the connecting words step. Algorithm( 4-15) will be used to achieve this 

step. 
r----------------------------------------------------------------------------1 
\ N= Number of sentence in the first summary Algorithm(4 - 15) \ 
I I 

: For i=0 to N : 
I Arrl = sentence(i). Spilt 

w= first word in sentence(i) 
For j=0 to connecting .size-1 

If connting(j)==w 
Add previous sentence to first summary 

Next i 
Else 

Next i 
End if 
End for 

: Endfor : 
I ------------------------------------------ - --------------- 
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Connecting 
words DB 

First Summary 
Segment the 
summry into 
sentence 

Modify the first 
summary 

eaecl or 
connecting 
words in the 

Return previous yes 
sentence Next sentence 

First Summary 
DB 

Figure( 4-20): Connecting words steps. 

4.8.3 Sentence to sentence similarity 
The sentences which are appearing in different locations of the document may 

have the same meaning. To produce a good summary, we should eliminat the 

redundancy between the sentences in the first summary. In order to solve this 
problem, distance can be calculated by using a dictionary to find the synonyms for 

each word in each sentence; also a threshold value will be defined. If two 

sentences' distance is less than the threshold, they will be considered repeated. So 

the sentence with higher weight will be selected to be in the final summary, as it is 

shown in figure (4-21). Algorithm(4 - 16) will be followed to achieve this step. 
. { Similarity, if distance(s) > threshold 

Sentence Selections) (not similarity,if distance(s) <threshold 
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iv- Nater ops-iokc %kkkkl uconoon@ -io]} 
: For i= 0 to N 
I 

' For j= i to N 
arr I=sentence(i).split 
arr2= sentence(j).spit 
For u= 0 to arrl.size-1 

Search for synonyms of word(u) 
sy= set of synonyms of word(u) 
For p=O to arr2.size-1 

Fork= 0 to sy.size-I 
If sy(k) == arr2(p) 

arr2(p)= word (u) 
End if 

Calculate the distance between sentence(i) and sentence(j) 
If(distance < threshold) 

If (weight (sentence (i))>= weight (sentence(j))) 
Put sentence(i) in the final summary 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
: Endfior _ 

--------------- ' ------ ------------------------------------ 

Else 
Put sentence(j) in the final summary 

End if 
End if 

Endfor 

Thesaurus 

First 
Summ@lr f 

Segment the 
summary into 

sentences 

Segment 
each 

sentence into 
words 

Create 
synonyms list 
for each word 

Calculate the 
distance 
between 
every two 
sentences 

elect ie 
sentence with Modify the 
higher weigh! =5] rst summary 
and ignore 
the other 

Replace every 
word with its 
synonyms in 
the sentence 

Compare 
every 

sentence with 
others 

sentence 

First 

: {le ity steps Figure(4 - 21): Sentence to sentence similar1! 
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4.8.4 Removing URLs and e-mails 

URLs and e-mails are not important details in the final summary. The regular 

expressions will be used in this step to select these URLs and e-mails then they will 
be removed. 

4.9 Summary 
This chapter includes the methodology that will be used to generate the 

summary from the input text. The first stage will be preprocessing of the document to 

prepare it for processing. Then, the words and sentences features will be extracted. 

These features can give scores for the sentence. Then, the first summary can be 

generated by selecting the most important sentences. Finally, the first summary will be 

enhanced by post processing steps to produce the final summary. 
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Chapter Five 
Programming 

5 .1 Overview 
This chapter describes the . . 

ftw 
· project simulation. It includes description of the 

so1 are environment and the lan 
h f 

· guage that we used. We also describe the database 
schema o) our simulation. 

5 .2 Software Environment 
Many software packages we d • re use to achieve the project simulation. In this 

section, we will describe the softw . are environment for our simulation, such as: 
NetBeans IDE Ruby Ian d · R , guage an its ubyGems that we used, and MySQL Server. 

5.2.1 NetBeans IDE 6.9.1 
The NetBeans IDE is an integrated development environment available for 

Linux, Mac and Windows. The NetBeans project consists of an open source and an 

application platform that enables developers to rapidly create web, desktop, 

enterprise, and mobile applications using the Java platform as well as. PHP 9 ' 5 

JavaFX, JavaScript and Ajax, Ruby and C/C++( Jerry,2010). 

5.2.2 Ruby language 
Ruby is a cross platform interpreted language which has many characteristics 

in common with other scripting languages such as Python and Perl. It has an 

English language syntax which looks somewhat likes Pascal code at first sight. The 

languages which were mostly used in the development of Ruby are the following: 

Perl, Smalltalk, Eiffel, Ada and Lisp. The Ruby language was created by Yukihiro 

Matsumoto (commonly known as Matz), and it was first released in 

1995(Collingbourne,2009). 

Why we used Ruby? 
1. Ruby is a feature-rich, free, simple and extensible language. 

2. Ruby is a powerful text processing language. 
3. Ruby has powerful built-in libraries and a set of external libraries. 

4. Ruby has an English language syntax. 
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5 .2.3 RubyGems 

RubyGems is a package mana . . gement system for applications and libraries of 
Ruby. It helped in installing Rub . yGems to any computer that is using Ruby. It can 
resolve version dependencies. S if .: · >» j011 a certain gem or the code requires a certain 
version of another gem, it can tak · '9 (e care of that. Most gems will work under both 
Linux and Windows since Rub : · · upy is an interpreted language, and most gems are 
wntten in Ruby However not 11 · , a gems are pure Ruby source; some include C 
extensions or libraries. Thos : · e gems must be compiled before they are used so we 

used DevKit tools to compile these kind of gems(Berube,2007). 

Why we used RubyGems? 

1. RubyGems facilitates installing Ruby software. 

2. It handles software dependencies. 

3. It facilitates using the same technology on any operating system. 

We used the following RubyGems in our simulation: 

1. WordNet: "Ruby-WordNet is a Ruby interface to the WordNet® Lexical 

Database. WordNet is an online lexical reference system. WordNet organizes 

English nouns, verbs, adjectives and adverbs are organized into sets"( 

Basu,2009). We used WordNet to determine the part of speech for each word. 

2. Part-Of-Speech:"Part of speech tagger based on Mark Watsons 

code"(Reddavis,2010), we used it to determine the POS for each word. 

3. Ruby MySQL: MySQL connector for Ruby. MySQL which supports Ruby 

was developed by Tomita Masahiro. He has developed a pure Ruby binding 

called Ruby/MySQL(Talim,2007). This gem helped us to connect with 

MySQL Server 5.1. 
4. Metanym: We used a thesaurus in www.thesaurus.com to search for 

synonyms/antonyms( Yared,201 l). This gem helped us in this task. 

5. Text: A collection of text algorithms, Metaphone, Porter Stemming, 

Levenshtein,Figlet and Double Metaphone(Battley,2010). We used 

Levenshtein to calcule the distance between the sentences. 

so 
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5.2.4 DevKit 

The DevKit is a toolkit th h 1 . . at e ps in building and using native CIC++ 
extensions for Ruby on Wi d • · indows. One of the difficulties that The DevKit is a 
toolkit that helps in buildir d · · · ng anc using native C/C++ extensions for Ruby on 
Windows. One of the difficulties that many Windows users have with Ruby is how 

to easily install and use native RubyGems. We used DevKit to install some native 

RubyGems such as Linguistic gem ( GitHub,2011 ). 

5.2.5 MySQL Server 5.1 
MySQL is a system like any DBMS, it allows the user to access and 

manipulate data within their databases, protect the data from corruption and 

inconsistencies, and maintain the metadata necessary to define the data being 

stored. MySQL is specific to relational databases. MySQL has a large set of 

characteristics that provides a secure environment for storing, maintaining, and data 

accessing. 

SQL is a fast, reliable, scalable alternative to many of the commercial 

RDBMSs available today(Publishing, 2005). Some characteristics of MySQL are: 

1. Scalability. 

2. Portability. 

3. Connectivity. 

4. Speed. 

5. Ease of use. 

6. Open-source code. 

5 .3 Database Schema 
The system database contains the whole information that the system needs to 

accomplish its functions and operations. The database consists of six tables which 
W ds Cue-Phrase, Stopwords and Connecting word. 

are: Paragraph, Sentences, or5, 
p graph· this table stores all paragraphs that the document contams. • ara 

Data type Required Key Description 
Filed name 

Int Yes PK paragraph number 
IDP 

Int Yes paragraph length 
Length 
Table (5 - 1): Paragraph table. 
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• Sentences: this table stor es all of the sentences in the document. Every 
sentence belongs to a certain paragraph. 

Filed name Data type Required Key Description 
IDS Int Yes PK sentence number 
IDP Int Yes PK paragraph number 
Location Int Yes location in the paragraph 
Length Int Yes sentence length 
Cue-phrase Int Yes cue phrase existence 
keyword Int Yes keyword existence 

Biased Int Yes biased words existence 

Weight decimal Yes sentence weight 

Table (5-2): Sentences table. 

• Words: this table stores all of the words in the document. Every word 

belongs to a certain sentence in a certain paragraph, so by using this table we 

can recreate the whole text. 

Filed name Data type Required Key Description 

IDW Int Yes PK word number 

IDS Int Yes PK sentence number 

IDP Int Yes PK paragraph number 

Word Text Yes the word 

POS Varchar Yes part of speech for the word 

TF Int Yes term frequency 

TF ISF Int Yes TF-ISF for the word 

Exi Title Int Yes existence in the title 

Length Int Yes word length 

keyword Int Yes word is keyword or not 

Weight Decimal Yes word weight 

Table(5'- 3): Words Table. 
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• Stop Words: this table stores th Filed e stopwords list that we use 
name Data ty . 

IDSW Int pe Required Key Description 
Yes p SW K stopword number 

Varchar Yes 
Type Varchar 

Table(5 - 4); Stopword table 

stopword text 

useful or useless 

• Cue phrase: this table sto h res t e cue phrase list that we used. And it shows if 
that cue phrase is bonus or stigma. 

Filed name Data type Required Key Description 
IDCP Int Yes PK cuephrase number 

Cue-Phrase Varchar Yes cuephrase text 

Type V archar bonus or stigma 

Table(S - 5):Cue Phrase table 

• Connecting words: this table stores the connecting words that we used. 

Filed name Data type Required Key Description 
IDCO Int Yes PK connecting word number 

ConnWord Varchar Yes connecting word text 

Table(5 - 6): Connecting words table. 

5.3 Summary 
In this chapter we described our project simulation. In the first section we 

presented a description of the software environment. Also, we described the language 

that we used, which was Ruby. Then we discussed the main RubyGems and why we 

used them in the simulation, such as WordNet, Metanym and Text. After that, we 

discussed the DBMS that we used which was MySQL. Finally we described the 

database schema of our project simulation. 
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Chapter Six 
Experiments and Results 

6.1 Overview 
In Chapter 4, a set of algorithm 

these algorithms are . s were developed to apply them in the project, 
converted into imple . 

Appendix A) In thi h p menlation code for project simulation (see 
. s c apter the experi 

d 
ments and results for this simulation are 

covere . 

The experiments were done in four steps; pre-processing experiments, extracting 
word and sentence features ex eri P ments, summary generation experiments and 
evaluation experiments. The results f th . 0 ese expenments are also presented in this 
chapter. 

Experiments were applied on · · · computer science articles only. Preprocessing 
experiments contain the testing of · · · · · preprocessing algorithms which were explained in 
chapter 4, such as: removing stopwords, word tagging and segmentation. After that, 

the extracting features experiments were applied to select the summary sentences. 

Finally, experiments were done to verify and evaluate the extracted features. 

6.2 Testing Sample 
The articles had been chosen to apply the algorithm. These articles were chosen 

randomly in the field of computer science. Then these articles were given to the 

English language professional people, to make sure that they are syntactically correct. 

Then, every article was summarized to five summaries by five persons who are 

professional in the language. 
As a result, we had fifty summaries by fifty professional people. We did that 

because the nature of the summary differs from one person to another, so, we did more 

than one summary for each article. Then we took these summaries and used them in 

evaluation process. 

6.3 Experiments and Results 
The following sections contain the experiments and results for the project steps: 

; imary generation, and post processing. 
preprocessing, features extraction, sun 
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6.3.1 Preprocessing experiments and results 
Preprocessing of the text is 
. . . a necessary step before extracting any features 

from it. This section contains the .: 
· experiments and results of preprocessing stage. 

These experiments are: 

• Removing stopwords 

This step achieved its purpose in declining the size of the document by 

30%. The following figure(6-1) shows an example of this step: 

PC can be defined as a small, relatively inexpensive computer designed 
for an individual user. In price, personal computers range anywhere from 
100.0 pounds to over 5000.0 pounds. All are based on the 
microprocessor technology that enables manufacturers to put an entire 
CPU on one chip. Businesses use personal computers for word 
processing, accounting, desktop publishing, and for running spreadsheet 
and database management applications. At home, the personal 
computers are used especially for playing games and recently for surfing 
the Internet. 

PC defined small relatively inexpensive computer designed individual 
user. price personal computers range 100.0 pounds 5000.0 pounds. 
Based microprocessor technology enables manufacturer's entire CPU 
chip. Businesses personal computers word processing accounting 
desktop publishing running spreadsheet database management 
applications. Home personal computers especially playing game recently 
surfing Internet. 

■ Useless Stopword ■ Useful Stopword 

Figure(6 - 1): An example of removing stopwords from text. 

• Referring abbreviations . . . 1 . to return every abbreviation to its or1gina 
The purpose of this step was . . 

f extraction TF-ISF feature. As It IS 
term, so as to improve the accuracy o 

shown in the following figure(6-2): 
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PC defined small relatively inex; ; 
user. price personal cc <pensive computer designed individual 
B: ·omputers rang 100 0 ased microprocessor techn 

1 
e · pounds 5000.0 pounds. 

chip. 0 ogy enables manufacturer's entire CPU 

Personal computer defined ll . . 
designed individual u . sma relatively mexpensive computer 
5000 0 ser. price personal computers range 100.0 pounds 

· pounds. Based microprocessor technology enables 
manufacturer's entire central processing unit chip. 

• Abbreviation [Z] Original 

Figure(6 - 2): An example of referring abbreviations. 

• Word Tagging 

We used WordNet to determine the part of speech (POS) for every word. 

This helped us to create terms (nouns) list. Appendix (B) contains a list of POS 

tags and their meanings Figure(6-3) shows some words tags: 

Defined small relatively inexpensive computer designed individual 
user. Price personal computers range hundred pounds thousand pounds. 
Microprocessor technology enables manufacturers' entire central 

processing unit. 

Defined[ VBN] small[.JJ] relatively[RB] inexpensive[JJ] computer[NN] 
Designed[VBN] individual[JJ] user[NN] price[NN] personal[JJ] 
computers[NNS] range[NN] hundred[VBN] pounds[NNS] 
thousand[NN] Pounds[NNS] Based[ VBN]. Microprocessor[NN] 
technology[ NN] enables[NNS] manufacturers[ NNS] entire[NN] 
central[ JJ] processing[VBG] unit[NN ] 

[D] Word Tag 
■ Word Tag(nouns) 

Figure (6 - 3): An example of word tagging­ 

57 



Chapter Six 
Experiments and Results 

• Segmentation 

We used algorithm( 4-4) . . in this step to se 
paragraph into sentences F' 1 gment the text into paragraph and each 

· ma ly spli 
following figure(6-4) show plit every sentence into words. The 

s an example ofthi s step. 

Personal comput de . . . ers defined small r l . . signed individual user • elatively inexpensive computer 
5000.0 pounds. Base ,,' "® personal computers range 100.0 pounds 
tir Croprocessor technolc entire central processing unit h. ~c o ogy enables manufacturers' 

processing accounting des,, " Businesses personal computers word 
op publishing · 

management applications. running spreadsheet database 

Personal computers defined small designed individual user relatively inexpensive computer 

price personal computers range 100.0 pounds 5000.0 pounds 

Based microprocessor technology enables manufacturers' entire central 
processing unit chip 

Businesses personal computers word processing accounting desktop 
publishing runnmg spreadsheet database management applications 

Ill End of the • Not end of the sentence 

Figure (6 -4): An example of text segmentation. 

6.3.2 Features extraction experiments and results 
We had made different experiments to determine the threshold for word and 

sentence features. The purpose of determining the threshold for every feature is to 

get the best summary. We used the evaluation measures which are called Precision 

and Recall. This method is currently the most used method to evaluate extractive 

summarization. 
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Precision is used to er l valuate the percenta; f 
the summary. Whereas R 

1 
· 3geo correctness for the sentences in 

ecall is used to ] 
sentences included in eva uate the percentage of relevant 

summary. F-me (Madhavi,2002). asure combines both measures 

Precision == Retrieved sentences } n{Re] . e evant sentences} 
{Retrieved sentences} 

Recall - {Retrieved sentences } n {R l - e evant sentences} 
{Relevant sentences} 

(6- D) 

(6-2) 
Where: 

Relevant sentences = Sentences that . t . th · existin: e human generated summary 
Retrieved sentences = Sentences that .: are retrieved from the proposed system 

F 
2 X Recall x Precision 

_1l€dSure== _. > 
(Recall + Precision) 

The feature value at which the best F-measure exists was called the feature 

threshold. When the proposed system is applied on the features threshold, the best 

summary of the text is produced. The experiments which we did are discussed in 

the following. 

(6 - 3) 

Experiment 1: Determining threshold for TF-ISF 
The purpose of this experiment was to determine the threshold ofTF-ISF. All 

the words in the document have TF-ISF>= 1, so we had to determine particular 

value for TF-ISF. The words which had TF-ISF higher than the threshold were 
given more score. To get TF-ISF threshold value we did five experiments for 

testing five values for TF-ISF, as table (6-1) explored. 

Exp No TF_ISF 
F-measure Avg 

Doc Doc Doc Doc Doc Doc Doc Doc Doc Doc F­ 

1 2 3 4 5 6 7 8 9 IO measur 
e 

1 0.41 0.43 0.38 0.45 0.40 0.42 0.41 0.38 0.39 0.41 0.41 

1 
0.50 0.45 0.47 0.48 0.47 0.49 0.48 0.47 0.48 0.47 0.48 

2 3 
0.55 0.49 0.54 0.55 0.52 0.58 0.54 0.53 0.54 0.55 0.54 

3 5 0.48 0.45 0.45 0.44 0.46 

4 7 0.50 0.44 0.47 0.45 0.45 0.51 

0.39 0.40 0.44 0.42 0.45 0.42 0.40 0.41 0.38 0.42 

5 9 0.47 e hold ex eriments. - 

ea a 

Table (6'- 1);' Thie result of determining TF-ISF thresh 
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As a result of these . experiments, th .- 
measure = 0.5 » ©experiment: ab - . 4, where the val num er 3 fulfilled the highest F­ 
experim t hi ue of TF-ISF = 5 en w ch was TF-ISF= 1 - · Comparing with the first 
th TF I and F-measure =O e -/SF value became mo 

1 
e ..41,we noticed from this that 

. re ess than 5 the F 
noticed from the experiments fo '>' !'-measure for it was less. Also, we 
fi 1our and five that if we . ive, F=measure value will b mcrease threshold more than 

ecome less As 
threshold = 5 fulfilled th b . a result of that we knew that the 

e est results from F-me 
by the figure (6-5). asure value, and this is explored 

ete 
am ~ 

~ 

gt 

T 

0.6 

0.5 

0.4 
a 
l» 
21 
"' a 0.3 a) 

~ 
d. 

0.2 

0.1 

0 
1 3 5 

TF-ISF/'Word 

7 9 

Figure (6 - 5): F-measure values at different values ofTF-ISF. 

Experiment 2: Determining threshold for word length 
The purpose of this experiment was to determine the threshold of word 

length. The words which had length higher than threshold were given more score. 

To fulfill that we did five experiments to test five values of word length, as it is 

explored in table (6-2). 

Exp word 
F-measure 

Avg 

No length Doc Doc Doc Doc Doc Doc Doc Doc Doc Doc F- 

1 2 3 4 5 6 7 8 9 IO measure 

1 3 0.57 0.55 0.66 0.59 0.59 0.60 0.59 0.61 0.58 0.59 0.59 

2 4 0.64 0.61 0.66 0.70 0.69 0.66 0.64 0.69 0.70 0.66 0.67 

3 5 0.51 0.52 0.57 0.60 0.54 0.49 0.54 0.58 0.56 0.57 0.55 

0.49 0.45 0.44 0.48 0.47 0.43 0.48 0.46 0.44 0.49 0.46 

4 6 0.42 0.38 0.41 0.38 0.41 

0.45 0.39 0.39 0.44 0.42 0.43 

s 7 .. hold ex eriments. 
Table (6'- 2):' The result of determining word length thresh P 
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As a result of th ese experi 
highest F-r mnents, the ex · measure = 0.67, at the value ,Periment number 2 fulfilled the 
had word length= 1 o1 tength =4, Wh 

r
--;:~----a_n_d_F_-m:::e:as:u:re:=u0 .. 5;9. • . ereas the first experiment · 9 · This is ex 1 d • 0.8 P orec in figure( 6-6). 

0.7 

0.6 

a 0.5 
b» 
2 
Ill 
co 0.4 a 
S 
d. 0.3 

0.2 

0.1 

0 

- 
--- .... 
~ 

"~ 
' r 

3 4 5 6 7 

Number of characters in word 

Figure(6-6): F-measure values at different values of word length. 

Experiment 3: Existence in the title 
This experiment was for examining if the system gives more score for 

the words which exist in the title and their synonyms. The figure below shows 

an example of that. 

Personal computers 

Personal computers defined small relatively inexpensive computer designed 
individual user. Price personal computers range 100.0 pounds 5000.0 
pounds. Based microprocessor technology enables manufacturers' entire 

central processing unit chip. Businesses personal computers word 

processing accounting desktop publishing running spreadsheet database 

management applications . 

• Same title • Synonyms 

Figure (6-7): An example of existence in tttl©. 
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Experiment 4: Determi · Ining word w­ 
The purpose of this ®ight's factors 

S experiment was 
feature in order to calculate th . to determine the importance of every 
fthe ° weight for eve 

0 t e features are not equal . ry word· Because the importances 
· 1, We applied the foll . 

weight for every word. 1owing equation to calculate the 

Weight(w) = a TF + pr· l ISF 'itte + word_length (6-4) 

Where a, B, are factors to balance d . 
a, B and µ we did five ex e . wor weight. For finding the values of 

p nments for each one, as the following: 

1- Finding the value of a 

By the experiments wh . . ' en we multiplied the value of TF-ISF by 2 it 
gave the highest value of F- . ' . measure, which was 0.74. Also, we noticed that 
if TF-ISF was multiplied b Y any number less than 2 or more than 2 the 

results of F-measure became less, and the following table(6-3) shows these 

results. So we determined the value of a=2 and thi · 1 d · th = • is is explorec mn ie 

figure (6-8). 

2- Finding the value of B 

By the experiments, when we multiplied the value of title feature by 

1.5, it gave the highest value of F-measure, which was 0.69. Also, we 
noticed that if title feature was multiplied by any number less than 1.5 or 

more than 1.5 the result of F-measure became less, and table (6-3) shows 
that results. So we determined the value of B =1.5, and this is explored in the 

figure ( 6-8). 

3- Finding the value of 
Depending on the experiments when we multiplied the value of word 

length feature by 0.5, it gave the highest value of F-measure, which was 

Al ti
. d that if word length was multiplied by any number 

0.75. so, we not ice 

5 th lt Of 
F-measure became less, and table (6-3) shows 

more than 0. e resu 
d 

. d the value of =0.5. This is explored in the 
these results. So we letermine 

figure (6-8). 

Oaala», 
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Exp 
for 

a 

Fixed 
No Doc Dy, 1. 7 Fasy+".)a,,-,+ 0 5 2 3 oc Doc Tis . 0.67 .1'= .{{_, S oc Doc Doc Doc Avg 
1.0 O 64 · - ~ O 64 -L 7 8 Doc F­ 

l 
. 0.62 0 65 i-::..:..:: 0.60 0 57 9 10 .5 0 70 

0 
· 0 60 0 - i---:-:.::..:.. 0.58 o 6 measure 

2 0 . .71 Q.65 ~ .62 0.64 0 . l 0.57 0.59 0.61 " [/@lik[\is]l6% [% [?lee?lie 
o . .10 o.69 T1s .14 o.14 o . .16 0.67 0.69 IRE TTl ]it #:[: ; 
2

1.so o.68 o:67 o·6!o o.59 o:53 o·62 ~·!; o.4o o.41 o.43 o·43 
·" 0 62 O 6 • •70 0 71 . . 0.56 0 58 O 63 . 

2 S · • 8 0.66 063 · 0.68 0.70 0.6 · O.S9 
. 0.59 0.57 0 53 . 0.66 0.64 0 6 .s69 0.73 0.72 0.69 

µ 
0.5 0.73 0 7 . 0.54 0 57 06.58 7 0.66 0.63 0 65 0 65 
I O • .'6 0.75 0 74 . . 0.53 0.52 0 S6 . . 
· 0.71 0.68 O 70 • 0.77 0.75 0 75 · 0.53 0.55 

1.5 0 62 . 0.65 0 71 O · 0.73 0.74 0 76 O + 0.64 0.65 0 58 . .68 0.69 0 68 . .75 
2.0 0.59 0.57 0 57 . 0.63 0.65 0.59 . 0.67 0.69 0.69 
2.5 0.50 0.48 0·51 0.61 0.60 0.59 0 5 0.59 0.63 0.64 0.62 

Tats s-syn. "fiii\is ]%} ["? ]"; ] ,} I% e experiments 
1 

" «50 0.49 
resu ts of determini mg word weight factors. 

0.9 rr _- -;::~ -=~ _- _- _- _- _- _- _- _- _- _- _- _- _- _- --==== 
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s}[."[ ] [=-] .. - - . .. • £ 0.4 }] { ] ] [ 0.3} ] ] ] [ 

1 
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2.5 
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Figure( 6-8): F-measure values at different values of a, B, and µ. 

Experiment 5: Determining threshold for word weight 

After calculating every value of a, B, and µ, we calculated the weight for 
every word depending on the equation (6-1). The purpose of calculating the words 

weights was to determine the most important keywords which were used as a 
feature for the sentence. So, we did six experiments and depending on these 
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experiments we explored that th l f F · · h 
e value o ·-measure was approximated m t e 

experiments 2, 3 and 4. Their values were respectively (0.643, 0.636, 0.632), as 
shows in figure (6-9). Also there was a simple difference between the results of 

experiment 5 and 6. Table (6-4) shows these results. After these six experiments, 

we went to the seventh experiment which calculated the average of words weights 
deepening on the equation (6-2), 

p weight(w) Weight_Average 2y=r, (6-5) 

F-measure was calculated at the average for the words weights. F-measure 

was 0.648 which was the highest F-measure comparing with other experiments. 

. th d which had We considered the average of weights as the threshold. So e wor s 

weights more than this threshold were selected as keywords. 

Exp 
No 

Word 
weight 

F-measure 
D Doc Doc Doc F­ Doc Doc Doc Doc Doc Doc oc 9 10 measure 

3 4 5 6 7 8 
1 2 0 39 0 43 0 42 0.45 0.38 0.43 0.44 0.46 0.43 

Avg 

1 0.44 0.47 · · · 63 o 65 o 65 0.643 
1 [058 ]0.69 [0.70 ] 0.63 [0.62 [0.6. [oc36 2 2 0.66 0.62 . 0 63 0 64 0.62 0.64 
3 3 0.65 0.64 0.60 0.66 0.64 0.0 ,» o6s 06@ 0.63 6.632 

0 63 0.65 0.62 0.60 0.64 . 0.62 0 58 0.58 0.596 4 4 0,66 · 59 0 61 . 
61 0.56 0.60 0.61 0.s ! 95i 056 049 0.548 5 5 0.60 0. 0 57 0 52 0.57 0.58 . . . 

, 6 6 0.51 0.59 0.58 -_l' d . ht threshold experiments. Table (6-4): The result of determmmg WOrC! Wlg n 
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Experiment 6: Determining thr h Id 
es O for sentence location 

The purpose of this experiment 
. was to determine the threshold of sentence 

location. The sentences which had to : 
cation equal the threshold had more score. 

We tested five values for senter lc : • 
nce location during five experiments, as it is 

explored in the table(6-5). " 

Exp sentence 
F-measure Avg No location Doc Doc Doc Doc Doc Doc Doc Doc F­ Doc Doc l 2 3 4 5 6 7 8 9 10 measure 1 First 0.73 0.69 0.75 0.69 0.70 0.71 0.75 0.73 0.68 0.69 0.71 2 Second 0.64 0.61 0.58 0.60 0.61 0.60 0.61 0.63 0.64 0.65 0.62 

3 third 0.49 0.50 0.48 0.51 0.48 0.S2 0.S0 0.47 0.49 0.S0 o.so 
4 Last-I 0.58 0.63 0.55 0.59 0.61 0.59 0.61 0.58 0.S9 0.58 0.S9 
5 Last 0.67 0.69 0.70 0.71 0.66 0.69 0.71 0.67 0.71 0.72 0.69 . . Table (6-5): The result of determining sentence location threshold experiments. 

As a result of these experiments, the experiments number 1 and 5 fulfilled 

the highest F-measure, where the sentence locations were the first sentence and 

the last sentence, and their values were 0.71 and 0.69. Comparing with the third 

experiment which had sentence location= 3 and F-measure =0.50. This is explored 

in the figure (6-10). 
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Experiment '7: Determinin; th 
g reshold for sentence length 

The purpose of this experiment was to . 
length feature. The sent · determine the threshold of sentence 

ences which had ler th 
score. To fulfill th t 3ngth more than the threshold had more 

at we tested six vah { 
:. ::. tues for sentence length during six 

experiments, as it is explored in the table (6-6), 

Exp sentence 
F-measure No length Doc Doc Doc Doc Doc 

Avg 
Doc Doc Doc Doc Doc F­ 1 2 3 4 5 6 7 8 9 10 measur 

4 0.30 0.29 
e 1 0.30 0.29 0.29 0.31 0.29 0.26 0.29 0.32 0.29 

2 6 0.59 0.58 0.55 0.57 0.58 0.57 0.59 0.57 0.56 0.55 0.57 
3 8 0.64 0.70 0.68 0.66 0.72 0.70 0.71 0.69 0.67 0.66 0.68 
4 10 0.65 0.63 0.63 0.67 0.65 0.67 0.65 0.64 0.68 0.64 0.65 
5 12 0.43 0.47 0.46 0.43 0.45 0.41 0.47 0.42 0.48 0.45 0.45 
6 14 0.39 0.41 0.38 0.42 0.39 0.41 0.42 0.41 0.40 0.41 0.40 . . Table (6- 6): The result of determining sentence length threshold experiments . 

As a result of these experiments, the experiment number 3 fulfilled the 
highest F-measure = 0.68, at the sentence length=8 words. Whereas the first 
experiment which was sentence length= 4 and F-measure =0.29. On the other 
hand the sixth experiment which was sentence length= 14 words and F­ 

measure=0.40. This is explored in the figure(6-1 l). 
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Experiment 8: Cue phra: .: Se existence 

In this experiment nL, we selected th · e sentence whi:h .: in the sentence improved • ts l1ct contain bonus cue phrase 
l s score by 1. On the o . 

cue phrase declined the s te Other hand, the existence of stigma 
entence score by 1 F 

existing cue phrase typ · tgure (6-12) shows an example of es. 

PC defined small relatively inex . 
price personal compute pensive computer designed individual user. 

rs range 100.0 ou d 5 microprocessor technolo · P n s 000.0 pounds. Based 

B 
• gy enables manufacturer's entire CPU chip 

usmesses personal comput . · blishir s%% ers word processing accounting desktop 
put lushing running spreadsheet database management applications. Home 
personal computers especially playing game recently surfing Internet. 

PC defined small relatively inexpensive computer designed individual user. 
price personal computers range 100.0 pounds 5000.0 pounds. Based 
microprocessor technology enables manufacturer's entire CPU chip. 
Businesses personal computers word processing accounting desktop 
publishing running spreadsheet database management applications. Home 
personal computers especially playing game recently surfing Internet. 

■ Bonus Cue phrase • Stigma Cue phrase 

figure(6-11): Example for cue phrase 

Experiment 9: Determining threshold for keywords existence in the sentence 

f thi Perun
. ent was to determine threshold for keywords 

The purpose o s ex 
h
. h had number of keywords more than threshold 

existence. The sentences whc 
. fulfill that there are five values for sentence length 

were given more score. To 
. ts as it is explored in the table ( 6- 7). 

were tested during five experiment , 
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Exp No 
F-measure Avg No keyword Doc Doc Doc Doc Doc Doc Doc F­ Doc Doc Doc l 2 3 4 5 6 7 8 9 10 measure 1 2 0.45 0.41 0.39 0.39 0.44 0.43 0.42 0.41 0.43 0.41 0.42 I2 4 0.58 0.59 0.54 0.53 0.58 0.56 0.59 0.57 0.56 0.57 0.57 3 6 0.66 0.70 0.68 0.64 0.67 0.71 0.70 0.66 0.72 0.69 0.68 '4 8 0.47 0.46 0.48 0.49 0.50 0.49 0.49 0.51 0.50 0.48 0.49 s 10 0.35 0.40 0.39 0.43 0.38 0.42 0.37 0.41 0.39 0.38 0.39 -· 

Table (6 - 7): The result of determining keyword existence threshold experiments. 

As a result of these experiments, the experiments number 3 fulfilled the 

highest F-measure, where as the keywords existence=6 words, and its value was 
0.68. This is explored by the figure(6-13). 
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Experiments and Results 

Experiment 10: Determining threshold , 
for biased words existence in the sentence 

The purpose of this experi t . 
men is to determine the threshold for number of 

biased words existence. The sentences which h d . 
ct ac number of biased words greater 

than the threshold had given more w d • . 
score. /e determined this threshold during five 

experiments, as it is explored in the table (6-8). 

Exp number F-measure Avg NO biased Doc Doc Doc Doc Doc Doc Doc Doc Doc Doc F­ 1 2 3 4 5 6 7 8 9 10 measure 
1 2 0.44 0.41 0.40 0.41 0.44 0.42 0.43 0.39 0.43 0.41 0.42 
2 4 0.59 0.66 0.63 0.64 0.65 0.64 0.67 0.62 0.60 0.62 0.63 
3 6 0.58 0.62 0.58 0.59 0.61 0.64 0.59 0.65 0.59 0.61 0.61 
4 8 0.54 0.53 0.56 0.49 0.52 0.55 0.53 0.54 0.55 0.48 0.53 
5 10 0.37 0.40 0.44 0.46 0.40 0.42 0.39 0.41 0.45 0.38 0.41 .. Table (6 - 8): The result of determining biased words existence threshold 
experiments. 

As a result of these experiments, the experiment number 2 fulfilled the 

highest F-measure, where the number of biased words =4 words, and its value was 

0.63. This is explored by the figure (6-14). 
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Experiment 11: Determin• 

Ing sentence weiph? 
The purpose of these e . g t's factors 

xpenments was to d . . 
sentence feature in order to al etermme the importance of every 

ct lculate the weight f 
importances of the features O every sentence. Because the 

are not equal we a) ili 
calculate the weight of ' pplied the following equation to 

every sentence. 

Weight(s) = a location(s) + {Jlength(s) + cue 
}H 2phrase,yistence(s) + 

Q2keywords,,stance +pbiased,,,, (6-6) existence 

For finding the values of a, p c ..,, µ, u and <p we did five experiments for each 
one, as the following: 

1- Finding the value of ex 

By the experiments, when we multiplied the value of sentence location 

feature by 2, it gave the highest value of F-measure, which was 0.79. Also, we 

noticed that if sentence location was multiplied by any number less than 2 or more 

than 2 the results of F-measure were declined, and the following table(6-9) shows 

these results. So we determined the value of a=2, and this is explored in the 

figure (6-15). 

2- Finding the value of B 

By the experiments, when we multiplied the value of sentence length feature 

by 1.5, it gave the highest value off-measure, which was 0.73. Also, we noticed 

that if sentence length was multiplied by any number less than 1.5 or more than 

1.5 the results of F-measure were declined, and the following table(6-9) shows 

d 
. d th value of B =1.5, and this is explored in the 

these results. So we letermine 1e 

figure (6-15). 

3- Finding the value of 
l 

. 1. d the value of cue phrase existence :. nts, when we multipli© 
By the experiments, which was o.81. Also, we 

. th highest value of F-measure, W 
feature by 2.5, it gave e . . umber less than 2.5 or more 

. :. re was multiplied by any n 
noticed that tf this featur 1· d and the following table(6-9) 

ure were dee mne., 
than 2.5 the results of F-meas 
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- Experiments and Results 
shows these results. So we det . 

ermined the value of - 
the figure(6-15). =2.5, and this is explored in 

4- Finding the value of a 

Depending on our experiments h 
' w en we multiplied the value of keywords 

existence feature by 2.5, it gave the high t al 
. es v ue of F-measure, which was 0.79. 

Also, we noticed that if this feature was multiplied 5 
uutupliec vy any number less than 2.5 or 

more than 2.5 the results of F-measure were declined, and the following table(6-9) 
shows these results. So we determined the value of'""- 2 5 d thi · l d · 

az .5, an Is 1s explore mn 
the figure ( 6-15). 

5- Finding the value of po 

Depending on our experiments, when we multiplied the value of biased 

words existence feature by 1, it gave the highest value of F-measure, which was 
0.73. Also, we noticed that if this feature was multiplied by any number less than 
1 or more than 1 the results of F-measure were declined, and the following 

table(6-9) shows these results. So we determined the value of po= l, and this is 

explored in the figure (6-15). 
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Exp Fixed 
for number [Dos Ip,, 1 oc Doc [bn>, {ueisure 

0.5 0 52 2 _..l__ 4oc Doc ~-D A . 0.49 'Ost~ 5 6 oc Doc Doc - vg 
1.0 0.67 0

61 
~ 0.47 ~- 7 8 9 Doc F­ 

1.5 o · 0.62 064"~~0.52~--'----- 10 is ;}[l&SST@&%[g[gt$al#%" .a o.76 iliki+ '9 oa [ini) 3 0.60 0.62 Hg[&f®Hi[pl% gift}g 
tis fk)%] \]Eli[ts]";' ff #] [ ? ge 

a 

E kl#- Elg## 
2.5 . . 4 0.68 0.69 0'68 0,74 0.71 0.69 . .66 0.64 

0.63 0.66 0.63 0.62 0.63 0.70 0.71 0.69 0.73 0.75 0.73 

µ I" BET?hi&%]"lEtii%" . · 0.61 0.66 0.65 0.57 0.62 . · 
1.5 0.66 0.63 0.64 0.67 0.63 0.62 0.61 0.60 0.60 0.58 0.58 
2.0 0.78 0.78 0 76 0 77 . 0.61 0.66 0 62 0.60 0.61 0.63 

0 
1.5 0.68 0·12 0.63 0.65 0.64 0.63 0.63 ~.62 0.61 0.59 0.61 
2 0·74 . 0.70 0.70 0 71 0'12 0.7 .65 0.60 0.63 0.63 

cl> 

is pilaf%3 [ lilts]}]3 [ye\sue 
o.s o·67 o'10 o·;i o.79 o.78 o,19 o:so Q79 Osi ~-;; o.73 
I . · · 069 069 068 ' · · 0.79 #fliil#fie#' #Is±% 
2 0.68 0.69 0.69 0.70 0.71 0.71 0.70 
2.5 0.65 0.64 0.67 0.67 ~-:: ~-:9 o.7o 0.72 0.68 0.70 0.69 

Table (6 - 9): The experiments results f d . ~ . 0.68 0.67 0.68 0.69 0.67 etermining sentence weight factors 

6.3.3 Summary generation experiments and results 
Firstly we calculated the weight of every sentence by summing the scores. 

Then we selected the sentences which had weight >= average of sentences 

weights to be in the first summary. 
After calculating every value for a, B, , £2 and q> we calculated the weight 

of every sentence depending on the equation (6-6). The purpose of calculating the 
weight is to determine the most important sentences which were selected for the 
first summary. So, we did six experiments from that it was explored that the 

values of F-measure are approximated in the experiments 2, 3 and 4, where the F­ 

measure values were respectively (0.60, 0.78, 0.79), and these results are explored 
by figure (6-16). The following table (6-10) shows these results. So that, we go to 
a seventh experiment which calculated the average of words weights depending 

on the equation (6-7). 
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- 
Weight Average == n weight Zs=j (s) 

Then, F-measure " was calculated 
was 0.82 so it fulfill d at the avera f. (6 - 7) 
Th · lec the highest F ge or the words . 

e weight average wa "Teasure co . weights. Its value 
· as considered 9paring with oth 

weight more than thi thres as a threshold. er experiments. 
s hold O 

• So the were selected sentences which had 
as first summary. 

Experiments __ n and Results 

Exp Weight 
No sentence [Do, [,,,,, c Doc Doc D _F-measure 

1 2 oc p, r 1 1 0 40 3 4 S oc Doc Doc D - Avg 
2 2 . 0.41 0.41 044 _._!; 7 oc Doc Doc F­ 
5 5 [g2]osi]ii]i,,]"9[z]ias]?= {2, [o [mcasore 
4 4 0.78 0.75 0.78 0.76 0.60 0.58 0.59 0.39 0.43 0.41 0.42 
5 = [o7]oso]is]k-\,]][oil5j[ #9 [go[o2 [oo 

..so3EE #iii r# El## ±" s 
inIng sentence weight . o.s2 o.so o.so threshold experiments. 
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Figure( 6-16): F-measure values at different sentence weights. 

6.3.4 Post-Processing experiments and results 
1. Ordering the sentences: According to the sentences locations in the source, 

we ordered the final summary. 
2. Connecting words: This step achieved its purpose in providing a coherence 

between the sentences, as the following figure(6-l 7) shows: 
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Thus education can be m d . 
ade available outside of working hours 

' 

Team projects can be comp! t d 1 ete where te; 1b different geographical locati Th am members are located at 
outside of working hous """® us education can be made available 

■ Pervious sentence ■ Connecting Word 

Experiments and Results 

Figure(6 - 17): An example of connecting words step. 

3. Sentence to sentence similarity: We used the dictionary of Thesaurus.com to 

find the synonyms on each sentence. Then we calculated the distance 

between every two sentences. According to the previous 

works(hasheme,2010), if the distance was less than 65% they are considered 

repeated. So the sentence with higher weight was selected to be in the final 

summary. As shown in figure (6-18): 

s 
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l. Ruby is a popular program . 
2. Ruby is a famous4 ng language 

programming Ian guage 

, Replace 

l. Ruby is a popular program . · ming language 
2. Ruby is a popular program; 80lElTing language 

Calculate the distance 

Distance =O 

Result: The sentence is repeated 

Ignore that less weight 
Y ly 

Ruby is a popular programming language 

Ill The word • Synonym word 

Figure(6-18): An example of sentence to sentence similarity. 

4. Removing URLs and e-mails: We used regular expressions in this step to 

select the URLs and e-mails then we removed them, as figure (6-19) shows. 

The Computer Science W ebmail client is available at website 
http://webmail.cs.dal.ca 

fi 
The Computer Science Webmail client is available at website 

f · URLs and E-mails. 
Figure(6-19): an example o) removing 
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- Exp · eriments and R esults 
6.4 Evaluation 

In the previous sectio n we d 
we determined the val etennined the al ues of features vi lues of featur 
that, we used these val Parameters es thresholds Th ues to produc as the equati en 
summary into final summa1 .: ce first summary F" ion(6-6) shows. After 

ry usmg post . mally, we enh 
Documents from th processing ste lanced the first 

e test set had be ·€ps. 

system and manually by een summarized b . y experts Th e y usin) thi 
each document are presented in~ e values of Precision, Reca/an s proposed 

gure (6-20) bel d F-Measure for 

0.86 ,-------=-=-==- ow: 

0.ss{ A 

0.8 r----------- 

==== F-Measure 

=== R 

z=s [P 

Figure (6-20): Different values of p R, F-M c. 
' easure for test data set summarized by 

the proposed system 

F hi fi · rom t s igure we noticed that, the values differ from document to another. 

These differences are depending on the nature that human summaries differ from 

one person to another. 

6.5 Summary In this chapter we showed our experiments and results. We described the 

preprocessing steps by examples. Then we determined the values of features 

thresholds and factors on which we get the best summary. Finally, we evaluated the 

proposed system and found the values of P, R, and F-measure for test set which 

were summarized by our proposed system. 
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Chapter Seven 

- Conclusions and Future Works 

7 .1 Overview 
In this chapter we will present th . 

· le achievements of 
mention the main problems that we fa ed % Our project. Then we will 

. ace in the project F' . 
suggestions for the future works to impr this finally, we will propose 

rove this project, 

7 .2 Conclusions 
In this project, new algorithms were de ·l ·d • 

. . ve ope to summarize domain specific 
text from smgle document, using linguistic and tati ti 1 . . s s ca methods. The development 
of these algorithms for automatic text summarization allc ed .: owe us to contribute the area 
of natural language processing (NLP) efficiently. 

As a result of our project, we conclude that the combinational statistical and 
linguistic method is better than each method alone. Results showed that 82% of the 
summaries produced by our approach were approximately the most similar to the 

human summaries. These results became better than results of methods used either 

statistical or linguistic methods or both, as we studied until 1/3/2011. For example, 

(Hashmi, 2010) used statistical approach and reached 70%. Whereas (ling, 2009) used 

clustering in linguistic approach and reached 72%. On the other hand, (Shams, 2010) 

used statistical and linguistic approach and reached 68%. 
The table below shows the comparison between our proposed system and some 

other systems. 

Methods Precision Recall F-measure 

0.66 0.72 0.69 
Ms Word 2007 

0.73 0.75 0.74 
Copernice summarizer 

0.30 0.36 0.33 
SweSum 

0.74 0.71 
Great Summry 0.69 

0.82 
Our method 0.80 0.84 

0.97 
0.98 0.96 

Human summary ' ion P), Recall (R), F-measure Using Different . Table (7'- 1);: Comparisons of Prec1SI 
Methods. 

( 

sq 
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Conclusions and Future Works ------------------=-==~ 
Microsoft word 2007 summarizer reached . . 

an average precision 0.66, average n of 0.72, and F-measure of 0.69. MS w rd . 
reca! > Y'OT. only simply chose some sentences document to make up summary withc t . 
from out any post processing and has obvious fe ·ts in content expression. Copernic Summa h .. 
detects arizer reached an average precision of 
0.73, recall of 0.75, and F-measure of 0.74 ; while SweSum summarizer reached an 
average precision of 0.30, recall of 0.36, and F-measure of 0.33. GreatSummary 
reached an average precision of 0.69, recall of 0.74, and F-measure of0.71. 

Our proposed system reached an average precision of0.80, recall of0.84, and F­ 
measure of 0.82. Finally we evaluate human summaries to confirm that there are no 

100% evaluation summary, this reached an average precision of 0.98, recall of 0.96, 
and F-measure of 0.97. The figure below shows these results. 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0 
SweSum Ms Word 

2007 
Great Copernice 

Summary Summarizer 
Humen Prposed 

summarizer 

arization systems. . b tween different summ Figure(7- 1 ): Companson e 

7 3 Contributions . . . 
·- ofour project: summarization 

i%,contributions of Ot atic extractive text S Here are the mam .c. an automa h 
ral stages 1or . iistic approaches. 

1. Identification of gene 1 between statistical and hngu 11· n 
binationa ummariza o · 

method using com single-document s . task for English 
{the method for aary generation 

2. Development o h to deal with summ 
roac 3 Proposing new app ific field. 

. . uter science spec language in comp 
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""""""® 4. Reducing redundancy so the final summ? ·be 
:.: lary came reduced 

5, For this project we wrote a paper calle <, ' 

b. . al . . c led Automatic text summ: . 
com mation statistical and lingui tic arization using 

stuc methods and w . 
recent future (See Appendix D). ' e aim to Publish it in the 

7.4 Project problems 

We have faced many problems during the simulati: thi- .: 
atuon this project. Most of these 

problems have been solved and others have been covered here. 

1 The main problem of this project was there is no dee kn 1 d · per ow e ge for the group 
in data and text mining, so we had to read large number of papers and books about 
these topics to understand them, then to work in that field. 

2. Learning new language (Ruby) took time from the project time, especially it is 
new language, and there are no specialists in this language around us. 

3. Our English language is not as well as professionals, so we had to ask specialists 
about the language. 

4. In evaluation stage we needed samples of summaries that were produced by 

human, so we asked more than 50 persons to get good extractive summaries. 

7.5 Future works 
In the future, we can resolve many challenges that could help in obtaining better 

results. d h 
:. :hni suffer from unresolve anap ora. 

L Anaphora resolution: Extractive tee ques high rate 
fe algorithms solved this problem but with error . 

There are atew1 :summarization: Our proposed system summarizes 
2. Extension to multi document . d t is still a challenging 

. . and multi locumen 
single document summarization 
extension of the current work. sed system summarizes 

. d . summarization: Our propos . 
3 Extension to generic lomain ad t be extended to genenc . . field, and nee o 

documents in computer science I1clh, 

domain. 
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Appendix A 

- Implementation Code 

In this appendix we present our p . roject simulati on code 
pH#######4##4######H#4t 

# 4# Ht4#411#4l1411 
#### re . · #tttttt/:ltttttt/:ltt## 
#####################tt#########tt q u I re . /:l/:I/Httf /:l/:lf:ljH//:l/:lf:1/:l/:ltHl/:1/:1/:l/:l/:I 

• I b I f:ttt#tttttt#tHI# require 'ubygems' 'Ht#Http# }II##ff 
require 'mysql' #tttttttt/:ltttt/:l/:lf:llttl/:l/:lf:1/:1/:1/:l/:ltttttt/J 

require 'WordNet' 
require 'part_of _speech' 
require 'metanyrn' 
require 'text' 
#################################### # it4p41i44ii#4114ti#1ii1 
#### Connection & c /:t##/:t/:l#/:t##/:1####/:1# 
##################################### reate Table /:ltJ#tJ/:1/:t/:t##/:ttJ 

# ##/:t######/:t##### ##/:ltt 
########## ##~############ Connection database# ############/:1/:/##tt#/:t###### 
db= Mysql.new( local host', 'root', '123', 'project') ############tt#####tttt#####tJ##/:t### 

########################## create tab\ p 
at.query/"CREATE TABLE IFNOTEiSTs ,,,'2®Ph#iinnruwnwnunn 
") p !DP INT, PRIMARY l<EY (IDP}, Length INT) 

# ##########################create table Se t 
db.query("CREATE TABLE IF NOT EXISTS Sentenc:s ~~~~ #~########tHt####/:1############## 
Location INT, Length INT, Cue phras INT Keyword INT B~T ,dlDP INT,PRIMARY l<EY (IDS,IDP), · - ' ' iase INT Weight INT CONSTRAINT 
Sentences_1bfk_l FOREIGN KEY (!DP) REFERENCES Paragra h(IDP) ON 
DELETE CASCADE) ") p UPDATE CASCADE ON 

############################# create table Words ##########I###########I#### +## 

db (
"C EATF ######### 

.query R E TABLE Words ( IDW INT, IDS INT ,!DP INT, PRIMARY l<EY 
(IDW,IDS,IDP),POS VARCHAR(30), TF INT, TF _!SF INT,Exi_ Title INT DEFAULT O 
, Length INT DEFAULT 0,keyword INT DEFAULT 0, Weight DECIMAL(10,2}DEFAULT 0.00 
,CONSTRAINT words_ibfk_l FOREIGN l<EY(IDP) REFERENCES Paragraph(IDP) ON UPDATE 
CASCADE ON DELETE CASCADE, CONSTRAINT words_ibfk_2 FOREIGN l<EY(IDS} REFERENCES 

Sentences(IDS) ON UPDATE CASCADE ON DELETE CASCADE) ") 
############################# Stopword ####################################### 
db.query("CREATE TABLE IF NOT EXISTS stopword ( IDSW INT, PRIMARY KEY (IDSW}, SW 

Vaechar(18),Type Vaechar(18)) ") 
############################cue phrase ####################################### 
db.query("CREATE TABLE IF NOT EXISTS cue phrase( IDCP INT, PRIMARY l<EY (IDCP), Ceu 

phrase Vaechar(18),Type Vaechar(1O))") ##### 
###############################Connecting word############################ 
db.query("CREATE TABLE IF NOT EXISTS connecting word( IDCO INT , PRIMARY KEY (IDCD), 

Connword Vaechar(15)) ") ######################## 
##################################################### #### 
#### Preprocessing ################################ 
################################~###########:################################ 
#4#4#4441144411 1#11414#1#4#4144##i#t#4###I#4# ## Removing StopWOI? 

mystopword= mystopword1.split(" ") 
arl=db.query("se\ect ,:, from paragraph") 

while row=arl.fetch_row do 
u3[g]=row[11 
g=g+l 

end 
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for dd in 1 .. u3.size-1 
u4= u3[dd].split(" ") 
for i in O .. mystopword.size-1 

for j in O .. u4.size-1 
if(mystopword[i].include?( . u4[j]= (u4[j]))==true 

end 
end 

end 
puts uS[dd]= u4 
puts us.join(" ") 
db.query ("UPDATE paragraph SET par='#{uS , 

end } WHERE idp=ff{dd}tl") 

#4##4±4# 4444 4#444#4#4# 4# 4#4# # # # # ##4±4#4#4#44# Ref rr erring abbr ° · 
bb=fa.read {'eVIations t##############it#iitHtitHi 
faa= abbl=faa.read tltttt#tttltttl### 

arl=db.query("select * from paragraph") 
while row=arl.fetch_row do 

ua[ga]=row[l] 
ga=ga+l 

end 
for ddd in 1..ua.size-1 

ua4= ua[ddd].split(" ") 
for il in O .. abb.size-1 

for jl in O .. ua4.size-1 
if(abb[il] .include?(ua4[j1]))==true 

ua4[j1]=abb1[i1] 
end 

end 
end 

uaS= ua4.join(" "} 
db.query ("UPDATE paragraph SET par='#{uaS}' WHERE idp=#{ddd}#") 

end ############################ Part of speech##################################### 

PartOfSpeech.new(lexicon_path} 
ar=db.query("select from words"} 
po=O 

while row=ar.fetch_row do 
wpos[po]= row[O] 
spos[po ]=row[l] 
ppos[po ]=row[2] 
u111[po]=row[3] 
po=po+l 

end 
for iii in O .. wpos.size-1 . ulll[iii]) 

u222(ii]=Partofspeech.analyze(lei0-,,,,,y iiiRre aw= #mi) AND O 
db.query ("UPDATE words SET pos='#{UZ 

='#{ppos}' AND IDS= '#{spos}'"} 
end 
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db.query ("UPDATE words SET pos='#{u2; r,, 
::'#{ppos[iii]}' AND IDS::: '#{spos[iiil}'") u 22[lll]}' WHERE idw:c: #{w ... 
pp###############4#######H#####n#tin 'POs[iii]} AND IP 
w# Thews,,"##nut#ntnnnnunnn 
ww#wt#rt#rt##wnnwnun#nm,,,',,""®° ®#innu 
4########## #4####4##4######### TF #n,,, ""##########rnr #### 
el=db.query("SELECT FROM WORDS "#/####int#twit,,","####nnni 

############# 
esel=0 
while row=vsel.fetch_row do 

sentS[esel]= row[3] 
esel=esel+ 1 

end 
for ill in O .. sentS.size-1 

v1= db.query("SELECT FROM WORDS WHERE WO _, . 
lengthw[ill]=sentS[ill].length RD- #{sentS[1ll]}"') 

e=l 
while row=vl.fetch_row do 

u[e]= row[O] 
e=e+l 

end 
r= vl.num_rows 
db.query("UPDATE WORDS SET TF=#{r}, length='#{lengthw[ill]}' WHERE 
WORD='#{sentS[ill]}' ") 

end 
################################ TF-ISF ###################################### 
v3=db.query("SELECT FROM WORDS ") 
e3=1 

while row=v3.fetch_row do 
u3[e3]= row[S] 
u4[e3]=row[3] 
e3=e3+1 

end 
v6=db.query("SELECT FROM SENTENCES ") 
e5=1 
while row=v6.fetch_row do 

uG[eS]= row[O] 
eS=eS+l 

end 
m6=v6.num rows 
for i3 in 0,.s;ntS.size-1 WHERE WORD='#{sent5[i3]}'GROUP BY IDS=IDP") 

vS=db.query("SELECT FROM WORDS 
e4=1 

while row=vS.fetch_row do 
u5[e4]= row[O] 
e4=e4+1 

end 
nS=vS.num_rows 
f3=0 
for j3 in O .• u3.size-1 
u3[j3]=(u3[j3)) 
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-(u3fj3l).to_i 
ab.query("UPDATE WORDS SET TF _ISF::::'#{f3*( end (Math.log( 

d 

rnG/nS))}' 
en WHERE W ,#################t# ,,""='/#fu4[j3] • 
%0, 1t5.si5 #### xis (or i2 in 0..sent>.size-1 {ence in Titl 
,-db.query("SELECT FROM WORDS J###ht#int 2-1 ©WHERE IDs-;, ###i#ii 
e and IDP::::l") 

while row=v2.fetch_row do 
u6[e2]= row[3] 
e2=e2+1 

end 
f2=0 
for j2 in 0 .. uG.size-1 
if sent5[i2]==u6U2] 
{2=f2+1 
end 
end 
if f2>0 
db.querv("UPDATE WORDS SET EXI TITLE=l w end'' VHERE WORD='#{sent5[i2)}' ") 

end 
################################ St 1 · ore in Length word #### 
wvone = db.query("SELECT FROM words") ####i#i################ 

weone=0 
while row=wvone.fetch_row do 
wwone[weone]=row[O] 
wpone[weone]= row[2] 
wsone[weone]=row[l] 
wone[weone]=row[9] 
weone=weone+ 1 

end 
for wione in O .. wwone.size-1 
if (wone[wione].to_i>=4) 

db.query{"UPDATE words SET length=l WHERE IDP='#{wpone[wione]}' AND 

IDS='#{wsone[wione]}' AND IDW='#{wwone[wione]}"') 

else db.query{"UPDATE words SET length=O \WHERE IDP='#{wpone[wione]}' AND 

IDS='#{wsone[wione]}' AND IDW='#{wwone[wione]}'") 

end 
end ###############################5 tore 1 in TF-ISF word ##############11#####11##### 

tvone = db.query("SELECT FROM words") 
teone=0 
while row=tvone.fetch row do 
twone[teone]=row[O] - 
tpone[teone]= row[2] 
tsone[teone]=row[l] 
tone[teone]=row[6] 
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+eone=teone+l 
end 
for tione in O •• twone.size-1 
if (tone[tione].to_i>=S ) 
db.querv(''UPDATE words SETTF IS= \- soneftione' ANo 1ow,K,,]' "EE ­ else ne[tione]}"') Pone[tione]}' AN 

(

II D 
db.query('UPDATE words SET TF ISF= 
cs tsonettione]}' AND IDw-r4,," RE ID-= end one[tione]}'") pone[tione]}' ANO 

end 
#it###### ###4# ##4# 4# 4# ##4# #A##I# A# # I##4#4#4# W 
y0=db.query("SELECT FROM WORDS"rd weight ############ e0=0 Ht#t#tf###############iii#t 

while row=v0.fetch_row do 
ws4[e0]= row[O] 
ss4[ e0]=row[l] 
ps4[e0]=row[2] 
tf_isf[e0]= row[6] 
tit[ e0]=row[7] 
len[e0]=row[9] 
eO=eO+l 

end 
sum=0.0 
for iw in 0 .. ws4.size-1 
wd[iw] =2*(tf_isf[iw]).to_f + 1.S*(tit[iw]).to i + o 5*(1 [" . 
db.query ("UPDATE WORDS SET WEIGHT='# d _- ,en 1w]).to_1 

IDS='#{ss4[iw]}' AND \DP='#{ps4[iw]}"') {w (iw]} WHERE IDW='#{ws4[iw]}' AND 

sum= sum+ (wd[iw]).to f end 
wea =0.0 
wea =sum / ws4.size 
for iwa in 0 .. ws4.size-1 

if wd[iwa].to_f >= wea 
db.query ("UPDATE WORDS SET keyword=l WHERE IDW='#{ws4[iwa]}' AND 

IDS='#{ss4[iwa]}' AND \DP='#{ps4[iwa]}'") 
end 

end 
####i#±##4#4pt±4±±4±4±1±4#4±i±i± 4± 4± 1#±#4±4# 4#t#4± 1#444# 44444#4# 4#4# t4 4#4#4###4# ##4#4#4# # ## 4# ## ##4# #### ### ### ###### ##########WW 

#### The Sentence level features ###t# 
######################### Location of the sentence ############################ 

db.query ("UPDATE sentences,pa ragraph 

SET location='l' WHERE sentences.I DP= Paragraph.IDP AND( sentences.lDS=1 O sentences.IDS= 

Paragraph. length)") 

####4##11111114111111111114411414#4###4###4# Biased words Feature ########################i###ti#ti#WW"" 

biased=mytextS.split("\n") 
V9=db.query{"SELECT * ROM SENTENCES") 
e9=0 
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while row=v9.fetch_row do 
3[e9]= row[3] 
pp3(e9]=row(l] 
k(e9]=row(O] 
e9=e9+l 

end 

for i9 in o .. s3.size-1 
ba=0 
q::s3(i9].split(" ") 

for iO in O .. q.size-1 

for iS in O .. biased.size-1 
if q(iO]==biased(iS] 
ba=ba+l 
end 
db.query("UPDATE SENTENCES SET BIASED=#{b end a} WHERE IDS='#{k[i9]}' AND IDP='#{pp3[i9]}'") 

end 
end 
############################## Cue ph · rase existence########### 

cue2=mytext55.split("\n") ##################### 

for i55 in O ... cue2.size-1 
v9=db.query("SELECT FROM WORDS WHERE WORD:'# [ e9=1 = cue2 iSS]}'") 

while row=v9.fetch_row do 
s22(e9]= row(l] 
pp22(e9]=row(2] 
e9=e9+l 

end 
for i66 in O •. s22.size-1 
db.query("UPDATE SENTENCES SET cue_phras=-1 WHERE IDS='#{s22[i66]}' AND 

IDP='#{pp22[i66])") 
end 

end 
############################ Existence of keywords ############################## 

vk=db.query("SELECT * FROM SENTENCES") 
ek=0 
while row=vk.fetch_row do 
sk[ek]= row[3] 
pk[ek]=row[l] 
kk[ ek]=row(O] 
ek=ek+l 

end 
wsO=[] 
for ik9 in o .. sk.size-1 d-1 AND !DS='#{kk[ik9]}' AND 
vs=db.query("SELECT '' FROM WORDS where keywor - 

IDP='#/pk[ik9]}") 
bk=O 
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as0=0 
hile row=vs.fetch_row do 
wsO[esO]= row[3] 
es0=es0+1 

end 
4-sktik9].split(" ") 

for ikO in O .. qk.size-1 
for ikl in o .. wsO.size-1 
if qk[ikO]==wsO[ikl] 

bk=bk+l 
end 
end 
end 
db.query("UPDATE SENTENCES SET keyword= 
lDP='#{pk[ik9]}'") -#{bk} WHERE IDS='#{kk[ik9]}' AND 

end 
g#i###################4#4#4# ###############Store 1 ·° Bi 

d ( 
in 1ased ############ 

bvone = lb.query("SELECT * FROM SENTENCES") ####################### 

beone=0 
while row=bvone.fetch_row do 

bpone[beone]= row[l] 
bsone[beone]=row[O] 
bone[beone]=row[8] 
beone=beone+l 

end 
for bione in O .. bsone.size-1 
if (bone[bione].to_i>=4) 
db.query("UPDATE SENTENCES SET Biased=l WHERE IDP='#{bpone[bione]}' AND 

IDS='#{bsone[bione]}' ") 
else 
db.query("UPDATE SENTENCES SET Biased =O WHERE IDP='#{bpone[bione]}' AND 

IDS='#{bsone[bione]}' ") 
end 
end ################################ Store 1 in keyword############################ 

kvone = db.query("SELECT * FROM SENTENCES") 
keone=0 
while row=kvone.fetch_row do 

kpone[keone]= row[l] 
ksone[keone]=row[O] 
kone[keone]=row[7] 
keone=keone+ 1 

end 
for kione in O .. ksone.size-1 
if (kone[kione].to_i>=6) _ HERE IDP='#{kpone[kione]}' AND 
db.query("UPDATE SENTENCES 5ET keyword=1 W 

IDS='#{ksone[kione]}' ") 
else 
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db.query("UPDATE SENTENCES SET l 
7ps±'\ksone[kione]') Keyword =O WHERE IDP='I( = /(kpone[kione]}' AND 

end 
end 
g###############4##I####4###44t#414#444#44#4it st , 
vone = db.query("SELECT FROM Sen/ore 1 in length sentence########### eone=O ences") ####It###### 

while row=vone.fetch_row do 
pone[eone]= row[l] 
sone[eone]=row[O] 
lone[eone]=row[S] 
eone=eone+l 

end 
for ione in O .. sone.size-1 

if (lone[ione].to_i>8) 

db.query("UPDATE SENTENCES SET length=1 WHERE IDP='#{pone[ione]}' A 
IDS={sone[ione]}) PO AND 

else 
db.query("UPDATE SENTENCES SET length=O WHERE IDP='#{pone[ione]}' AND 

IDS='#{sone[ione]}'") 
end 

end 
Hi#±±t#4##±#H#H# 4#44±#4#4#4#4#4# 4# 44 4# 4±444#4# 4# 4±## 4#4# 4# ## ## 4# ## # H# # ## H### H# H#4# # 4# ## ##4#4# #### 4#4## 4# 4# 4#4# ## ### 4##4# 4# # ## ##4## ## #### ### 

#### Summary Generation ###t# 
pp#±}H#4###H#4± 4± 44## 44 4#4#4±4#4444 4# 4#4±H#4±4#4# 4##4 4# 4#4# ## 4#4# H# 4#4# 4# 4# 4# ##4# # ## ## 4## ## 4#4## ## ## #4# +# # ## ## ### 4# #4# +#+# ## ####4# ## ####### 

################### Sentence weighting & Sentence selection######################## 

vsO=db.query("SELECT FROM sentences") 
es=O 
while row=vsO.fetch_row do 

wes4{es]= row[O] 
psw[es]=row{l] 
wws{es]=row[2] 
loc[es]=row{4] 
lens{es]= row{S] 
cp{es]=row{6] 
kw[es]=row{7] 
bw[es]=row{8] 
es=es+l 

end 
suml=0.0 for iws in 0..wes4.size-l. 2%q7 [wsj).to_j+ 2.5(cpliws]).to_i + 2.5(kw[iws)).to_I 

wds{iws] =2*(loc{iws]).to_i + 1.S (tens ,ws · - 
+ 1 *(bw{iws]).to_i HT-'#{wds[iws]}' WHERE !DS='#{wes4[iws]}' AND 

db.query ("UPDATE SENTENCES SET WEIG = 

IDP='#{psw[iws)}"') . 
suml = suml + (wds{iws]).to_i 

end 

90 



Appendix A 

- Implementati on Code 

y=(l 
summary=[] 
weas =0.0 
es1=0 
weas =suml / wes4.size 
puts weas 
for iwas in 0 .. wes4.size-l 

if wds[iwas}.to_i >= weas 
summary[esl}=wws[iwas} 

end 

########################## #### #################### 
######ll######ffff##ff##ffff##ff##n::~st Processing ############################# 

nrnnitn#wt#wt#w#nu,,,,,"#######mum """ conn=mytextS.split("\n") #### Connecting words ::######################:::• 
sconn=] Wt################ww##wt 

ppconn=[l 
qconn=ll 
kconn=ll 
vconn=db.query("SELECT * FROM econn=0 SENTENCES") 

while row=vconn.fetch_row do 
sconn[econn]= row[3] 
ppconn[econnl=row[l] 
kconn[econn]=row[O] 
econn=econn+l 

end 
for iconn in 0 .. sconn.size-l 

baconn=0 
qconn=sconn{iconn].split(" ") 
for jconn in 0 .. biased.size-1 

if qconn[O]==conn[jconnl 
baconn=baconn+ 1 

end db.query("UPDATE SENTENCES SET BIASED=#{ba} \WHERE IDS='#{k[i9]}' AND 

IDP='#{pp3 [i9]}"') 
end 
end 
end 
end 

h 

pipit:tip pt1t1ti±11111±1±t±4±4±±±4###4#4#4# Removing URLs and E-mails ########i###############i########W 

regex = Regexp.new ' ( ([.@\\sl+ )(\\. (' .@\ \s]+ )'@Ii'.@\ \s]+\ \.)+Ii'.@\ \s ]+))' 
regexl = Regexp.new ' ( (https?:\//I www \.)I[-\ w\. ]+ )+(: \ d+ I ?(VII\ wV _ \. l' (\ ?\S+ I?)? I?)' 

xxxx = summary.to s 
y= xxx.gsub!( regex,") 
v= xxxx.gsub!( regexl, ") #pt1pp4pp pp pip1it11441144######4## Sentence-to-Sentence Similarity ###############i#######t##hWH" 

for sim in 0 ..summary.size-l 
blOOO=summary[sim] 
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vsim=db.query("SELECT ~- FROM SENTEN 
asim=0 {'CES where sent · enceo='ff( 
while row=vsim.fetch_row do [Summary[sim]}"") 

simw[esim]= row[9] 
esim=esim+l 

end 
for sim2 in 0 .. summary.size-1 

bl000=summary[sim] 
vsim2=db.query("SELECT FROM SENT 
esim2=0 FENCES where sentenceo='l#{sun <i Wt immary[sim2]}") 
while row=vsim.fetch_row do 

simw2[esim2]= row[9] 
esim2=esim2+1 

end 
d1000= c1000.split(" ") 
f1000= bl000.split(" ") 
for il000 in 0 . .fl000.size-1 
query= Metanym.new fl000[ilO00] 
a l000=query .synonyms 

for nl000 in 0 .. dl000.size-1 
for jl000 in 0 .. al000.size-1 

if(dl000[nl000]==(alO00Ul000])) 
dl000[nl000]=fl000[ilO00] 

end 
end 

end 
end 
ddlOO0=dl000.join(" ") 
ffl000 = fl000.join(" ") 
dist= Text::Levenshtein.distance(ddl0OO,fflOOO) 
if dist<(GS/100) 

if (simw[O]).to_f>=(simw2[0]).to_f 
low[z100]=summary[sim2] 
zl00=zl00 + 1 

else 
low[z100]=summary[sim] 
zl00 = zl00 +1 

end 
end 

end 
end 
fsummary=[l 
for fsum in 0 ..summary.size-l 
for fsum2 in 0 .. low.size-1 

if summary[fsum]==low 
summary= summary[fsur] 

end 
end 
end 

,J 
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1. List of stopwords 

[sopWord Type Stop Word - useless 
- 

a Tyne 
about useless Beginning 

Rove useless 
Co Useless - 

According useless 
Company Useless - 

useless 
corp Useless - 

Across Corporation Useless 

Actually useless Useless 

Adj useless 
Could 
Couldn't 

Useless 

[Ater useful Did 
Useless 

Afterwaeds useless Didn't 
Useless 

Again useless Do 
Useless 

Against useless Dose 
Useless 

All useless Doesn't 
Useless 

Almost useless Don't 
Useless 

Alone useless Down 
Useless 

Along useless During 
Useless 

Already useless Each 
Useless 

Also useful Eg 
Useless 

Although 
Useless 

useful Eight Useless 

Always useless Eighty Useless 

Among useless Either Useless 

Amongst useless Else Useless 

An useless Elsewhere Useless 

And useful End Useful 

Another useless Ending Useless 

Any useless Enough Useless 

Anyhow useless Etc Useless 

Anyone useless Even Useless 

Anything useless Every Useless 

Anywhere useless Everyone Useless 

Are useless Everything Useless 

Aren't useless 
Everywhere Useless 

Around useless Except Useless 

As useful Few 
Useless 

At useless 
Fifty Useless 

Be useless 
First 

Useless 

useless 
Five 

Useless 

Became 
Useful 

Because useful 
For Useless 

Become useless 
Former Useless 
Formerly 

Becomes useless Forty 
Useless 

Becoming useless Found 
Useless 1 

Been useless I Useless 

Before I useless 
I Foure Useless 

From 
beforehand useless 

be 
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- 
[Frther useful 
[id Useless [Ls '} Eg :=--[es. [eres Useless[ltd [Useless #ha Id"ls:[ss ii [ks [iii[g [Ed [or cs 
1fereuoon Useless _Being Useless 

Lists 

Hers Useless Below Useless 
'jHerself Useless Beside Useless 
Him Useless Besides Useless 
Himself Useless Between Useless 
His Useless \Beyond' [Useless 

How 

Billion Useless 
Useless Both Useless 

However Useful 
Hundred 

But Useless 
Useless Useful Moreover 

I Useless Useful Most 
Id Useless Useless Mostly 
Ill Useless Mr Useless 
Im Useless Mrs Useless 
Ive Useless Useless Much 
le useful Useless Must If Useless Useless My 
In Useless Useless Myself u 
Inc Useless seless Namelv u 1 
Indeed Useless se ess Neither u 1 
Instead Useful Never se ess Into [Useless 

Useless Nevertheless Useful 
Is Useless Next Useless 

Isn't U 1 se ess Nine Useless 
It Useless Ninety Useless 
Its Useless No Useless 
Its Useless Nobody Useless 
Itself Useless None Useless 
Last Useful Nonetheless Useless 
later Useless No one Useless 
Latter Useless Nor Useful 
Latterly Useless Not Useless 
Least Useless Nothing Useless 
Less Useless Now Useless 
Let Useless Nowhere Useless 

Lets 
Of 

Useless 
Useless 
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- - 'on Useless - - - 
'often The - Useless - 

Theire - Useless 
On Useless - Useless 

g 

Once Them Useless - 
One Useless Themselves Useless 

Useless 
Ones Useless Then Useless 
Only Useless Thence Useless There 
Onto Useless Thered 

Useless 
Or Useful There'll 

Useless 
Other Useless Useless 
Others Useless 

There're Useless 
Otherwise Useless 

Theres Useless 
There've 

Has Useless Makes 
Useless 

Hasn"t Useless Many 
Useless 

Have Useless 
Useless 

Haven't Useless 
Maybe Useless 
Me Useless 

Be Useless Meantime Useless 
Herl Useless Meanwhile Useless 
Hell Useless Might Useless 
Bes Useless Million Useless 
Hence I useful "Miss Useless 
[Her Useless More Useless 
'Several Useless Throughout Useless 
I 51:e Use:!ess Thru Useless 
I 51:ed I Useless I Thus Useless 

Shell [ Useless To Useless 

Shes Useiess Together Useless 

Should [ Useless Too Useless 

Should': 1 1.:-se:ess 1 Toward Useless 

s· re Us...'?:{_ess I Towards Useless 

<: Useless l Trillion Useless 
-x 
Sixty "Csciess Twenty Useless 

So . ,ef:·· I Two Useless 

Some t:sciess under Useless 
Useless 

Screow -Cs£ess ~ Unless Useless 
Sore:e seless l Unlike I Useless 
Scme·2 seless 'Unlikely 

Until Useless 
Scmetir .e seless [Up Useless 
Sometimes --Csciess Useless 
Soewhere Useless [ Upon Useless 

S:ill Useless jUs Useless 

S:cn I "Gsciess I Used Useless 
] Using 

Such ! Useless Useless 

Taking Useless 
I Very Useless 

[Useless )Via Useless 
Ten Ve 
Thar I Useful 
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That Useful -- 
Thatll Useless _Was see - 
That's __, Wasnts Useless 

Useless - 
Useless 

Wed Useless _We sos 

Well Useless They've Useless 

Were Useless 
Thirty Useless 

Weve Useless This Useless 

Well Useless 
Those Useless 

useless 
Were Useless 

Though 
Thousand 

useful 
Weren't Useless Useless 
What Useless 

Three useless 

Whatll Useless 
Through Useless 

Whats Useless 
Whence Useless 

What' ve Useless 
Whenever Useful 

Whatever Useless 
Where Useless 
Wheres 

When Useless Whreafter 
Useless 

Our Useless Whereas 
Useless 

Ours Useless Whereby 
Useless 

Ourselves 
Useless 

Useless Wherein Useless 
Out Useless Whereupon Useless 
Over Useless Whether Useless 
Overall Useless Which Useless 
Own Useless While Useful 
Per Useless Whither Useless 
Perhaps Useless Who Useless 

Rather Useless Whod Useless 

Recent Useless Wholl Useless 

Recently Useless Whos Useless 

Same Useless why Useless 

Seemed Useless Theyre Useless 

Seeming Useless Thev'll Useless 

Seems Useless They d useless 

Seven Useless They Useless 

Seventv Useless These Useless 

Thereafter Useless Thereupon Useless 

Thereby Useless Therein Useless 

Therefore useless 

b 
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2. Tags of word tagging 

Definition 
Tag Adjective 
JJ comparative adjective 
JJR semantically superlative adjective (chief, top) 
JJS morphologically superlative adjective (biggest) 
JJT cited word (hyphenated after regular tag) 
NC singular or mass noun 
NN possessive singular noun 
NNS 

plural noun NNS 
possessive plural noun NNS$ 
proper noun or part of name phrase NP 
possessive proper noun NP$ 
plural proper noun NPS 
comparative adverb RBR 

RBT superlative adverb 
VB verb, base form 
VBD verb, past tense 
VBG verb, present participle/gerund 
VBN verb, past participle 
VBZ verb, 3rd. singular present 
WD T wh- determiner (what, which) 
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3. List of cue phrases 

Cue phrase Type Cue phrase addition stigma Type paper 
bonus 

because Stigma generally bonus 
detail Stigma finally bonus 

enumerate Stigma last bonus 

example Stigma Notwithstanding bonus 

explain Stigma end bonus 

further Stigma purpose bonus 

However Stigma accordingly bonus 

i.e. Stigma so bonus 

illustrate Stigma conclusion bonus 

include Stigma therefore bonus 

including Stigma accordingly bonus 

instance Stigma hence bonus 

instead Stigma consequently bonus 

like Stigma result bonus 

occasionally Stigma particular bonus 

especially bonus 
specifically bonus 

summary bonus 

6 
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4. List of connecting words 

[No Connecting Words 

1 accordin_gly 
gww again 2 
3 also 
4 besides 
5 hence 
6 henceforth 
7 however 
's incidentally 
'9 meanwhile 
10 moreover 
'11 namely 
12 nevertheless 
13 otherwise 
'14 then 

15 therefore 
16 thus 
17 and 
18 but 
19 or 
20 yet 
'21 so 
22 once 
'23 Than 
24 That 
25 Till 
26 Whenever 
27 whereas 

,.J 
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Examples of generated 
• summare 



P Appendix C 

- Examp] e of generated . Summaries 

Original text A 

MULTIMEDIA 

is simply multiple fonns of media int ntegrated together. Medi 
audio, animation, video, data, etc. An ex 1 . · e ta can be text, graphics, 

amp e of multtmect· . 
of Mozart that has text regarding the c ta is a web page on the topic 

omposer along with an audi 
music and can even include a video of hi . · lio file of some of his 

s music being played in a hall. 

Besides multiple types of media being integrated · h . . e wit one another, multimedia can also 
stand for interactive types of media such as vide CD 

• • 0 games ROMs that teach a foreign 
language, or an information Kiosk at a subway terminal 0th t h . • er erms t at are sometimes 
used for multimedia include hypermedia and rich media. 

The term Multimedia is said to date back to 1965 and was used to describe a show by 

the Exploding Plastic Inevitable. The show included a performance that integrated 

music, cinema, special lighting and human performance. Today, the word multimedia is 

used quite :frequently, from DVD's to CD ROMs to even a magazine that includes text 

and pictures 

Multimedia has become a huge force in American culture, industry and education. 

Practically any type of information we receive can be categorized as multimedia, from 

television, to magazines, to web pages, to movies, multimedia is a tremendous force in 

both informing the American public and entertaining us. 

. . dustry' s that use multimedia to send their 
Advertising is perhaps one of the biggest in of media, let's say radio or text can be a great 
message to the masses. Where one type O 

• 
. . . edia techniques can significantly make an item 

way to promote an item, using multims 'th greater results. and in many cases wt 
being advertised better received by the masses 

. . tremely effective in teaching individuals a wide 
Multimedia in Education has been ex e :. mnses such as sight and bearing. 

. learns usmg many sen . 
range of subjects. The human brain that integrates pictures or video 

informative, a lecture c 
While a lecture can be extremely . . ti n much more effectively. 

d retam informa o 
· d' 'dual learn an images can help an ind1vi 

,..J 
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- Example f 0 generated summ · ares 

Using interactive CD ROM's can b 
e extremely effe v: 

fd. . 1· e ecttve int hi variety o 1sc1p mes, most notably forei 1, eacting students a wide 
Ign language and music. 

Proposed system summary for A 

Multimedia 

Is simply multiple forms of media integrated t th 
. oge er. An example of multimedia is a 

web page on the topic of Mozart that has text regard· th . 
mg e composer along with an 

audio file of some of his music and can even include a vide fhis :. ,, eo o1 is music being played 
in a hall. 

Besides multiple types of media being integrated with one another, multimedia can also 

stand for interactive types of media such as video games CD RO Ms that teach a foreign 

language, or an information Kiosk at a subway terminal. Today, the word multimedia is 

used quite frequently, from DVD's to CD ROMs to even a magazine that includes text 

and pictures. 

Practically any type of information we receive can be categorized as multimedia, from 

television, to magazines, to web pages, to movies, multimedia is a tremendous force in 

both informing the American public and entertaining us. 

Multimedia in Education has been extremely effective in teaching individuals a wide 
. . . CD ROM's can be extremely effective in teaching 

range of subjects. Usmg mteract1ve . 
tably foreign language and music 

students a wide variety of disciplines, most no y 
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- Examp] e of generated . summaries --- 
Original text B 

Bluetooth 

Bluetooth technology is named after H . r larald Bluetooth, a D . . 
consolidate Denmark and a part ofN · Janish king who managed to 

orway in the 1900s Th . 
technology is a manifestation of how . fl . · e choice for the name of this 

m uential and central th . 
region are to the telecommunications industry. e companies from this 

Bluetooth is a networking technology that d . oes not rely on user control or large amounts 
of power. By keeping the transmission power t . . r o an extremely low setting (1 milliwatt), 
Bluetooth is ideal for mobile battery operated d · evices. Moreover, Bluetooth does not 
rely on the user since it can automatically detect and · • commurucate with other Bluetooth 
devices without any user input. 

Bluetooth technology relies on two things, a radio frequency technology and the 

protocol software enabling it to transmit data to other devices. Bluetooth-capable 

devices can transmit data to other devices not within the line of sight of the user. It also 

enables different devices to communicate using certain rules such as the amount of data 

that will be sent, the type of communication between the devices and the radio 

frequency or :frequencies this communication will take place. These protocols ensure 

that Bluetooth devices experience the least amount of interference from other Bluetooth 

capable objects while communicating with each other 

· · tc :hnology so it can communicate with 
Bluetooth is not a one-on-one data transmission tec 

• : di it one time A Bluetooth device will 
up to eight devices within its transmission rad1us a · . . 

1 
h frequencies every second within the 

use at most 1600 different and random Y ch osen . . . bability of other devices using the same 
course of its transmission to minimize the pro! ;, ar ·de ;4 vhe it does coincide with another device 

4.±, :. ferference time when I 
frequency and to minllJUZe m em 

using the same frequency 
tible to interference than Bluetooth devices. 

Infrared devices, however, are less suscep! b ent to the intended recipient 
that the data will 9 S 

This means that you can be sure 
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-----------------~E:x:am~pl~ei of generated summaries ----- without any distortion or inaccur . 
;:.:. ±. acres. Improvements : 

however minimizes this problem b» i.. S in the Bluet th y enabling the Bh 00t technology 
and communicate within a specific fre /uetooth devices to hop fr . 

. [equency range. Th Fequencies 
risk of interference, the chances of it h . · erefore, although there . .11 appening are v . · IS Sti 
happen only in a very brief period oft' ery minimal. If such occurs it will 

ime and a softw:.., 3» / 
consequent distortion. are will be available to correct any 

Proposed system summary for B 

Bluetooth 
Bluetooth technology is named after Harald Bl t h, . . ue oot a Danish king wh d 
consolidate Denmark and a part of Norway in th 1900 . 0 manage to e Js. By keepmg the tr · · power to an extremely low setting (1 ·illi t), ,,,, ransmission . mi 1watt ' Bluetooth is ideal for mobile batte 
operated devices. Moreover, Bluetooth does not rel th . . ry . Y on e user since it can 
automatically detect and communicate with other Bluetooth d · · h evices without any user 
input. 

Bluetooth technology relies on two things, a radio frequency technology and the 
protocol software enabling it to transmit data to other devices. Bluetooth-capable 
devices can transmit data to other devices not within the line of sight of the user. 

Bluetooth is not a one-on-one data transmission technology so it can communicate with 

up to eight devices within its transmission radius at one time. A Bluetooth device will 

use at most 1600 different and randomly chosen frequencies every second within the 

course of its transmission to minimize the probability of other devices using the same 
frequency and to minimize interference time when it does coincide with another device 

using the same frequency. 

Improvements in the Bluetooth technology however minimizes this problem by . 
. d mmunicate within a specific 

enabling the Bluetooth devices to hop frequencies an co 

frequency range. 

,.I 
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