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Abstract

Today it is very difficult, laborious and time consuming task to extract information
manually from large amount of data available. A need of Automatic Text
Summarization Tool is growing which will create complete and understandable
summarized text of input text document. Many summarization techniques have been
developed for English language but very less research work is carried out in the area
of Punjabi Text Summarization. Mostly Gurmukhi script is used for writing Punjabi
language. In this paper, the idea to summarize Gurmukhi text document using
extraction technique is discussed which summarized text based on features extracted
from document. New features namely Presence of URL’s or Email Addresses,
Presence of Brackets and Presence of Inverted Commas in sentences have been
analyzed, proposed and compared with some older features available for text
summarization in literature. The document summary generated by proposed system
has been compared with summary of document generated by human experts. The
comparison shows better results in the terms of Precision, Recall and F-score.
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Chapter 1: Introduction

Today, Internet is used for almost everything, it is difficult or impossible to imagine
life without internet. There is a large amount of data available over the internet in the
form of multimedia. One such multimedia type is text. It is very difficult and time
consuming task to extract information manually from large amount of data available.
Therefore a need of Automated Text Summarization (ATS) is growing. ATS
automatically convert big text file into summarized (abstract) form, which is easily
readable, understandable and complete. Without ATS, it is very laborious job for
human to read out whole Document to understand it. As an example, suppose
president of country is on visit to some other country and he may want a very short
summary of every email message on his mobile phone, so by reading that summary he
may take decision that he has to pay attention to that mail instantly or not [9] and
some other areas where ATS can be applied are Media (news headlines), Medical
(medical chart of patient without reading his medical history), Education (review or
headings), Research (abstracts of research papers), Entertainment (preview of
movies), Sports (scoreboard showing statistic of game), Curriculum Vitae (CV) and
Subject of an email or letter etc [9][10].

) 9,9,0,9,0,0.9,0,0,0,0,0.9,0,0.0.¢

,9,9,0,9,0,0.0,0,0,0,0,0,0,0,0,0.¢

1 0,0.0.0.0.0.0.0.0.0.0.0.00004

P00 90000000 00000% Automatic Text XXXXXXXXXX
PO 0000000000 009004

m Summarization m XXXXXXXXXX
XXXXXXKXXHKXXXXKXX XXXXXXXXXX

(ATS)

1 0,0.0.0.0.0.0.0.0.0.0.0.00004

XXXXXXXXXXXXXXXXX Processing Summary

Text File

Figure 1: Block Diagram of Automatic Text Summarization
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Automatic Text Summarization Technique is divided into two categories as shown in

Figure 2:-

Automatic Text

Summarization Techniques

v {V

Extraction Abstraction

Technique Technique

Figure 2: Block Diagram of Automatic Text Summarization Techniques

1) Extraction technique 2) Abstraction technique. Extraction technique is simply
extracting important sentences into final summary, where importance of sentence is
calculated based on weights assigned to sentences using statistical and linguistic
features of text[6][9]. In contrast, Abstraction technique involves semantic based text
summarization. In which input text file is readout and understand by the ATS and
then rewrite it using natural language processing (NLP) by condensing its important
information and overall meaning. Abstraction technique uses purely linguistic feature,
which are very hard to calculate [10]. Summary created by human is different from
summary created by the ATS. As human brain can easily capture and understand the
given task deeply on the basis of semantics, it is a big challenge for ATS to
understood and generate summary as human do. Although ATS has advantages over
manual summarization such as: - length of the summary needed is adjustable and it is

very fastest process.
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Chapter 2: Literature Work Overview

In this chapter we explain various researches and techniques used for automated text

summarization.

H.p.luhn [8] is the father of automatic text summarization. He started creating abstract
of technical literature by automatic means for the sake of quick and accurate
identification of technical papers. The main goal of luhn was to save readers effort
and time in finding relevant information from articles and reports. The complete text
of a document was prepared in machine readable form and was scanned by IBM 704
machine and after processing statistical information is derived. Word frequency and
distribution was used for computing relative measures, first for individual word and

secondly for sentences.

P.B. Baxendale [21] in 1958 proposed new feature that is sentence position or
sentence location in an input document. Baxendale analyzed that sentences which are
located at the beginning or at the end of the document are important than other
sentences contained into the document. He tested sentence location feature on 200
paragraphs and found that 85% of the paragraphs were from beginning and 7% of the
paragraphs were from ending locations. A sentence location feature became an

important feature for sentence extraction and it is used till now.

H.P. Edmundson [4] in 1969 described new typical structure for a text summarization.
He proposed two new features and incorporates two old features explained above.

Two new features proposed by Edmundson are:

1. Cue Words: presence of most indicative words into a document such as lastly,
finally, in summary etc.
2. Title or Heading Words: An extra weight was assigned to a sentence, if

sentences have heading words in it.

Edmundson evaluate his proposed structure with manual abstracts and found 44% of

accuracy.
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Paul C. Jacobs [22] in 1999 built a System for Conceptual Information
Summarization, Organization and Retrieval (SCISOR) was a prototype system that
performs two types of functions such as question answering and text analysis.
SCISOR runs on real time data and runs on Sun™ workstation under UNIX™.
SCISOR was able to process six stories every minute. Financial news was given as
input to SCISOR. Topic-analyser selects and analyses stories about acquisitions and
corporate mergers and performs lexical analysis of various inputs such as names,
numbers, dates and on other information. A combination of language-driven and
conceptual analysis process on the texts and was able to identify various major roles
like price, target, suitor, company product, financing and other features. The result of
language-driven and conceptual analysis was represented uniquely for every story and
added to the central knowledge database. The conceptual component use information
stored at central knowledge base and able to give the answers by analyzing English
question given to SCISOR.

Julian Kupiec [23] in 1995 described a new technique of summarization using naive-
Bayes classifier, the classification function classifies each sentence as it is extraction
worthy or not. He described some new features like sentence length, presence of
uppercase words, phrase structure and incorporate feature developed by Edmundson.
Documents were inputted in the picture formats which were scanned by OCR to
extract text data from it and then inputted to classifier. Every sentence in a document
was given a score using naive-Bayes classifier and sentences having top score were
extracted for the summary. To evaluate the system, a corpus of manually created
abstracted were used in such a way that every sentence in manually created abstract,
where matched with the actual document and mapping value was created. The

mapping values then used to evaluate auto-abstract created by system.

Eduard Hovy and Chin-Yew Lin [24] in 1999 create a system named Summarist and
was used to create summaries for multi-languages. Summarist was able to combine
symbolic world knowledge and solid processing phase to decide relevance of the

concept. Summarist was structured into three phases:

Summarist = identification of topic + interpretation + generation of summary
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For identification, filtering of information was done in order to retain only most
important topics. For interpretation, fusing of extracted topic was done into more
briefly and was clearly expressed. In generation phase reformulation of the extracted

material was done to form new text.

Chin-Yew Lin [25] in 1999 try to model system for sentence extraction using decision
trees for generating informative generic/query-oriented extracts. Lin identify various
features such as: baseline, title, tf-idf, position, query signature, IR signature, sentence
length, lexical connectivity, numerical data, proper noun, pronoun and adjective,
weekdays and month, quotation and first sentences. The score for all features were
combined by the automated learning using decision trees and simple combination
function. Lin conducts an in-depth study of various features effect through glass-box.
The result of experiment shows that there was no single feature performs best overall
for query-based summaries. Features like numerical data gives good results for query
requires numerical value answer, while weekdays and month feature gives best result

for (when?) queries.

Jade Goldstein [26] in 2000 developed a multi-document summarization system by
extraction technique. The system was capable of summarizing complete set of
documents that contains relevant information shared among all documents only once.
He suggested that same techniques available for single document summarization can

also be applied for multi document summarization besides only four key differences:

1. Degree of redundancy in multi-document summarization is very higher than
the degree of redundancy in single document.

2. Compression ratio is very smaller in the case of multi-document
summarization.

3. The problem of co-reference even big challenges for multi-document
summarization.

4. A set of document may contain temporal dimension about an unfolding event.

Here further information may override previous one.

An ideal multi-document summarization system would able to show different levels

of details as output, that was very difficult task without NLP understanding and
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generation. Goldstein suggested some methods for multi-document summarization
such as summary from common parts of documents, summary from common and
unique parts of documents, centroid document summary, latest document plus
outlier’s summary. The system developed was emphasizing on “relevant novelty”,
which was a metric used for minimizing redundancy and maximizing relevancy and
diversity. If we want to measure relevant novelty then firstly we have to measure
relevance and novelty independently using metric “marginal relevance”. The
paragraph had high marginal relevance if it was having relevancy to query and
usefulness for summary hence Goldstein label his method as “maximum marginal
relevance multi-document” (MMR-MD). MMR-MD was defined using Sim; and

Simo.

Simy was computed by firstly computing cosine similarity, coverage score and
information contents of a paragraph, finally temporal sequence of the document

allowing recent information having more weights.

Simz was computed by firstly computing cosine similarity, penalizes passage which
were subset of clusters from which other passages was already chosen and penalizes
documents from where selected passage was taken.

Hongyan jing et al [27] in 2000 proposed a novel system for text summarization. In
which reduction of extra phrases was done from the extracted sentences for summary.
The system used multiple sources for deciding which phrases may be removed
without losing coherence of resultant summary. The reduction algorithm had five

steps:

1. Syntactic Paring: Firstly input sentences were parsed using ESG parser.

2. Grammar Checking: Here every component of sentence was checked
grammatically so that which component of sentence would be deleted without
losing sentence grammar.

3. Context Information: Here decision about the sentence component was done,
by deciding which component of sentence was mostly related to gist of the

topic.
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4. Corpus Evidence: Corpus was used which had a collection of sentences
which were reduced by human and their corresponding original sentences to
done computation by system that how likely human remove extra phrases by
maintaining coherence.

5. Final decision: The final decision was taken based upon the result of previous
steps. To decide which phrase was to be removed if and only if it was not

grammatically wrong.

The output summary was evaluated against summary created by humans. The success

rate achieved was 81.3% that was very good.

Conroy and O’leary [28] made a system for sentence extraction using two techniques
named QR and HMM. In QR method of summarization was simple. In QR method
the importance of sentence was measured and the sentence having higher importance
was added to the summary. After that, relative score of remaining sentences were
changed because some the remaining sentences were redundant. That process was
done repeatedly until main idea would not capture. Second method was hidden
markov model (HMM) that is sequential model for text summarization. In HMM only
three features was used: sentence position, total no of terms in the sentence and
likeness of sentence terms given document terms. The HMM was arranged as follows:
HMM contained 2s+1 states, rotating between s (summary states) and s+1 (non-
summary states). Some rule was applied that was skipping of next state only in
summary states otherwise hesitation only in non-summary states. At last evaluation

was done by comparing HMM created summary with human created summary.

D.R. Radev et al [29] in 2004 developed a system for multi-document summarization
named centroid-based summarization (CBS). The first phase was topic detection, here
topic related to same event were grouped together. An agglomerative algorithm was
used over TF-IDF for accomplishing this task of topic detection. In second phase
centroids values were used to identify sentences in every cluster that were central to
the topic of whole cluster. Here two metric were defined by author that were used to
resemble the two in the maximal marginal relevance (MMR). The first metric was
cluster based relative utility (CBRU), which evaluate the relevance of a particular

sentence to the general topic of whole cluster. The second metric was cross-sentence
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informational subsumption (CSIS), which compute redundancy factor among
sentences. Three features were used for calculating score of every sentence Si.

1. Centroid value: The total of centroid values of all the words in a sentence is
called centroid value.

2. Sentence Position: Starting and ending sentences were more important.

3. First-sentence overlap: The inner product between word occurrence array of
Si and the first sentence of a document.

The final score of every sentence was calculated using three score computed above
minus redundancy penalty (Rs) for every sentence that overlapped higher score

sentences.

S. P. Yong et al [30] in 2005 described an automated system that had learning ability
by combining various recent approaches such as: statistical approach, neural network
and sentences extraction. The system had extracted 83.03% of significant contents
from the input document. The system was built of three phases:

1. Pre-Processing Phase: the system had two pre-processing methods that where
applied, first was the removal of unnecessary words (stop words) and the
second was stemming.

2. Keywords Extraction phase: Keywords were extracted using TF (term
frequency) by IDF (inverse document frequency) and top rated list was taken
as keywords.

3. Summary Creation Phase: The sentence was extracted for the summary
which had more no of keywords present in it. It was suggested that again run
through stop words because to ensure that no stop word was working as

keyword.

Krysta M. Svore et al [31] in 2007 proposed an algorithm that was based on neural
network and use they used third party datasets for doing text summarization. The
dataset contained 1365 document collected from CNN.com, each document had title,
timestamp, three- four human created story highlights and article text. Three
highlights were created by the system and its evaluation was done using two metrics.

The first metric, concatenate system generated highlights and human generated
Page | 8



highlights differently and does comparison among them. Second metric compared the
sentences at individual level in an ordered way. The training of the corpus was done
from labels and features for every sentence of a document. The ranking algorithm
used was RankNet, a pair-base neural network algorithm that uses gradient decent
procedure for training. ROUGE-1 was used for training set, that assigning score to
similar value between human created highlights and sentences in a document. The
proposed system had a feature which drives information from the queries logs of the
Microsoft’s search engine and Wikipedia entries. The author suggested that if the
sentence contains keywords that were used in the search engine and Wikipedia were
most important and had greater chances of being a sentence as highlight. The
summaries were evaluated using ROUGE-1 and ROUGE-2 and showed significant

improvements over the baseline.

Ladda Suanmali et al [32] in 2009 propose a system based on fuzzy logic. Fuzzy rules
and fuzzy sets were used for extracting important sentences based on sentence
features. Nine features were used to calculate sentence importance and a value was
given between ‘0’ and ‘1’ if a particular feature was present in the sentence. Feature
used were sentence centrality, title, word sentence, keyword, sentence length,
similarity to first sentence, sentence position, numeric data and proper noun. The
values of these features were given as input to fuzzy system, which produced an
output based on features and IF-THEN rules defined for sentence extraction. The
system was evaluated, by comparing results among Microsoft Word 2007 summarizer

and baseline summarizer.

Li Chengcheng [33] in 2010 presented a novel automatic text summarization method
based upon Rhetorical Structure Theory (RST). RST is the notations of rhetorical
relation existing between two non-overlapping text called nucleus (N) and satellite
(S). The empirical observations were used to express distinction between N and S,
which was expressed by N that what is more important to the writer’s purpose than S
and the Rhetorical nucleus was comprehensible independent of the S. The full text
was divided into small units called sentences based on delimiter (commas, full stop,
any punctuation mark found between sentences). The whole procedure was built on a

graph, sentences which were less important were deleted from the graph and
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remaining sentences were summarized. The main procedure followed by author was

divided into three steps:

1. Candiate sentence was analyzed
2. Rbhetoric relations were founded

3. Essential parts of the sentences were decided for abstract creation.

Ladda Suanmali et al [34] in 2011 developed a system for sentence extraction based
on fuzzy, genetics algorithm, sementics labeling and their collaboration for generating
high quality summary. In pre procesing some features were used for calculating
sentence score. After calculating sentence score, five different methods were used to

extract important sentences in processing phase.

1. General Statistical Method (GSM): Here sentence score is calculated by
adding weight of all features for sentence Si.

2. Fuzzy Logic Method: The features ectracted were given as input to fuzzifier
and some rules were defined here. At last defuzzification was done and final
score was given.

3. Genetic Algorithm Method: The vectors of extracted features were given as
input. Then feature scores where optimized using GA.

4. Semantic role labeling Method: sentence similarity value was calculated
using sementic role labeling that capure semantic words in sentences.

5. The system was evaluated by taking six summarizer as benchmarks and

proposed system outperforms when compared with others summarizers.

Vishal gupta [6] in 2012 prposed a system for punjabi text summarization using
extraction technique. The proposed system had two main phases: PreProcessing Phase
and Processing Phase. Preprocessing phase involves refinment of input document
which involves sentence boundry identification, stopwords removal, stemmer and etc.
In Processing phase , sentence weight was calculated using various features identified
by the author and at last final score of every sentence was calculated, top ranked

sentence where extracted as summary.
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2.1 Automatic Text Summarization Using Extraction Technique

As we discussed above, an extraction technique of text summarization consists of
selecting important sentences from source document and arrange them in the
destination document. Our main focus is on extraction technique for text document

summarization, overview of Extraction technique is shown in Figure 3:

Extraction Technique

Document Processing

Sentences Weights

Figure 3: Overview of Extraction Technique

Usually, the information in a given document is not constant, which means that some
parts of document are more important than others are less important. The main
challenge is to identify important parts of document and extract them for final
summary. Here most work presented on single-document summarization using
extraction method. In this section, some extractive techniques are discussed briefly,

which are applied for extraction of sentences for final summary.

Automatic text summarization using extraction technique is divided into three steps as

shown in Figure 4:

Pre Processing

Y

Processing

Extraction of sentences

Figure 4: Block Diagram of Extraction Technique
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2.1.1 Pre Processing

In pre processing phase of ATS, we break the text document into sentences, sentences
are further broken into words and after that stop words are removed. Preprocessing
phase involves four steps 1) Segmentation 2) Tokenization 3) Stop words removal 4)

Root Word Identification as shown in Figure 5:

Segmentation

Y

Tokenization

Stop Words Removal

Y

Root Word ldentification

Figure 5: Block Diagram of Pre Processing Phase

2.1.1.1 Segmentation

In segmentation phase, sentences are segmented based upon sentence boundary. In
Punjabi language sentence boundary is identified by “” called “dandi”. On every
sentence boundary, the sentence are broken and put into list of lists (data structure
available in python). Sentence boundary in Punjabi text is marked by circle as shown
in Figure 6. The output of sentence segmentation phase is collection of sentences that

are further processed in next phases.

argx i fes AT AdeAw a2 us gt I, s AvAT S A
HAT S (S E R G S urdt & U (Dnit v fifs Uog 3 feas
WAF R S T AeRwE T A()gT I Aeardt sE ) faufoss 3¢
B vt Ju feg A S 89, T w3 AS S IF U A () oot
gfow o wus fifsSorSt IS i drasaag oS wEt as ug
T3 ureinr fege & Ui Zar e ot reE I(])

Figure 6: Segmentation Phase
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2.1.1.2 Tokenization

Tokenization is the process of braking down the sentences into words. In Gurmukhi,
sentences are tokenized by identifying the space and comma between the words. So
the list of lists is created in which each list contains elements as words or also called

tokens which are maintained for further processing.

2.1.1.3 Stop Words Removal

Most commonly or frequently used words are called stop words. Stop words are
meaningless and does not have any importance into the sentences. So these types of
words should be removed from input document, otherwise the sentence containing
more no of stop words could have higher weight. We analyzed that every Gurmukhi
text document must contains minimum 30 percent or more stop words. A list of some

Gurmukhi stop words is shown in Table 1.

Table 1: Some Gurmukhi Stop Words

ge | & |Sizr | A
g 3 I5 Cil
w3 | H Sl Sii
Gl J It g
gt | Ifg | At | B

2.1.1.4 Root Word Identification
Root word identification is the process of identifying and converging words towards

their root (stem). In most of the cases, variants of words having similar meaning when

we interpret them. In Gurmukhi, root word for “Haw™, “H3” is “H3™. An improved

root word identification algorithm for Gurmukhi is developed and implemented in

proposed system by taking [5] as reference algorithm.

Page | 13



2.1.2 Processing

Processing phase is the heart of GTSS, here detailed analysis on text document is
done. In processing phase, feature value for every sentence is calculated. Some
features in Punjabi language are different from other languages. In GTSS some old
features and some new features are used for calculating sentence score are shown

below:-

Sentence Location

Sentence Length

Numeric Data in Sentence

Cue Phrases

Nouns in Sentences

Keywords in sentences

Title Feature

Similarity Between Two Sentences

Gurmukhi-English Common Words

Presence of URL’s or Email Addresses

Presence of Brackets

Presence of inverted Commas

Figure 7: Block Diagram of Features for Sentences Extraction
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2.1.2.1 Sentence Location (f1)

Location of sentence tells its importance in a text document. Starting sentences are
important in almost all the cases because they express theme of the document and has
higher probability to be extracted for the summary. Sentence location value is
calculated in such a way that, higher values are assigned to the starting sentences and
lower values are assigned to ending sentences. Sentence location values are calculated
using equation 1.

n—i
Sloc(S;) =

(D

Where Si is the i" sentence in a text document, n= Total no of sentences in a text

document and i ranges from O to n.

2.1.2.2 Sentence Length (f2)

Sentences which are shorter in length may not represent theme of a text document
because of fewer words contained in it, although selecting longer length sentences are
also not good for summary. So sentence length values are calculated in such a way
that, shorter and longer sentences are assigned lower values. Sentence length values

are calculated using equation 2.

W(S;)

Sten(Sy) = LongSen

(2)
Where W(Si)= Total no of words in sentence Si and LongSen= Total no of words in a

longest sentence.

2.1.2.3 Numeric Data in Sentence (f3)

A numeric data in Gurmukhi Sentence represent some important information
regarding some date, age, rupees, address etc. In Gurmukhi numeric data can be
represented in Roman, Digits and Gurmukhi fonts such as (XIV/I/MMXIV [/

16/01/2014 /I 1€/01/201%) date, (XXII// 23 //23) age, (MMMMM //5000 // Yooo)
rupees etc. Numeric data values are calculated using equation 3.

nd(S;)

N V= SenLen(s,)
data(S;) SenLen(S;)

(3)
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Where nd(Si)= Total no of numeric data in sentence Si and SenLen(Si)= Total no of
words in sentence(Si).

2.1.2.4 Cue phrases (fs)
Cue phrases are the most indicative words such as lastly, finally, in summary, on the
other hand, for example and anyway etc. Sentences containing cue words are

important and have higher probability to be extracted for the summary. In Gurmukhi

cue phrases are &3, 5311, f603F, i3 R, g0 AT €9, 3B s83<T I and fHer
etc.

2.1.2.5 Nouns in Sentence (fs)
A noun is the name of the person, place or thing. Sentences containing nouns are

important and have higher probability to be extracted for the summary. In Gurmukhi
nouns are H&=19, HOGET, Wall, H&RIY, HYg, fieial, 9, B7ud and UfemaT etc.

Nouns are calculated using equation 4.

_ Ns(Sy)
Nouns(S;) = SenLen(S)) (4)

Where Ns(S;) = Total no of nouns in sentence S;.

2.1.2.6 Keywords in Sentence (fs)

Keywords are words that appear with unusual frequency (very high) in a text
document. Keywords identification and calculation is very important feature and it
helps in deciding sentence importance. In proposed system top 10% words having
higher frequencies are taken as keywords. Keywords in sentences are calculated using

equation 5.

Keywords(S;)
SenLen(S;)

Key(S;) = (5)

Where key(Si) = Total no of keywords in sentence Si.

2.1.2.7 Title Feature (f7)
Words present in Title are the heart of the matter contained in text document. So if a

Gurmukhi sentence S; is highly associated with title then sentence S; has higher
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probability to be extracted for the summary. Title feature is calculated using equation
6.

TitleMatch(S;)
Wt

TF(S;) = (6)

Where TitleMatch(S;) = Total no of (S;) words matched with title words and Wt =

Total no of words in title.

2.1.2.8 Similarity Between Two Sentences (fs)

Similarity between two sentences is used to determine whether two sentences are
semantically equal or not. Root words are used for determining similarity between
two Sentences. If two Sentences having maximum root words match then they have

higher probability of being similar.

2.1.2.9 Gurmukhi-English Common Words (f9)

Gurmukhi sentences may contain some Gurmukhi-English common words such as

o .Y

AIS, GolediHt, WSS, AT and 37 etc. Sentences containing Gurmukhi-English

common words are important and have higher probability to be extracted for the

summary. Gurmukhi-English common words are calculated using equation 7.

GurEng(s,;)

GE(S;) =
(53) SenlLen(S;)

(7)

Where GurEng(S;)= Total no of Gurmukhi-English common words in sentence S;.

2.1.2.10 Presence of URL’s or Email Addresses (fi0)

Internet is important and widely used application now days. Text document may have
URL’s or Email Addresses present in it, which provides more information about the
document in process. After doing analysis of various Gurmukhi newspapers and
Gurmukhi documents it has been found that this feature has very high importance

than other and needs to be extracted for the summary.
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2.1.2.11 Presence of Brackets (f11)

Sometimes sentences may contain brackets such as () parentheses, {} curly brackets
etc. mostly braces contains material which could be omitted without destroying or
altering sentence meaning. After doing analysis it has been found that brackets do not
contain important information and has lower probability to be included for the

summary. Presence of brackets in sentence is calculated using equation 8.

SenLen(S;) — BracLen(S;)
SenLen(S);)

BK(S;) = (8)

Where BracLen(Si)= Total no of words within brackets in sentence(S).

2.1.2.12 Presence of Inverted Commas (f12)

In Gurmukhi (* ”,° *)quotation marks or inverted comma surrounding quotations,
direct speech, literal title or name etc. contains important information. After doing
analysis it has been found that an inverted comma has higher probability to be
included for the summary. Presence of inverted commas is calculated using equation
9.

QuoteWords(S;)

IC(S;) =
() SenLen(S))

(9)

Where QuoteWords(Si)= Total no of (Si) words between quotation marks.

2.1.3 Sentence-Extraction Phase

In Sentence-Extraction phase firstly final weight of every sentence is calculated using
Weight-Ranking equation given in equation 10. After calculating final weight of
every sentence, extraction of sentences is done according to compression ratio

required.
SenWeight(S;) = f1(S;) + f2(Si) + -+ f12(5) (10)

Where SenWeight(Si) is a final weight of sentence(Si) and fi,f..... fi» are features

which are computed above.
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In order to make summary more reliable, accurate, complete and less redundant

following process is applied:

1. Final weight of every sentence using weight-ranking equation is computed.

2. Final weights are sorted in reverse order.

3. Top weighted sentences are selected for summary according to compression
ratio required.

4. Selected sentences for summary are shown in same sequence as they appeared

in input text document.
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Chapter 3: Motivation

A survey of existing systems discloses the fact that there is no such system for
Punjabi Text Summarization which is more accurate and has low redundancy. So it is
very difficult for some people to use internet without any language barrier. Punjabi is
the 9th most widely spoken language worldwide and most commonly Gurmukhi
script is used for writing Punjabi. Today there is lot of data available over the internet
which is in Punjabi. So, Gurmukhi Text Summarization System (GTSS) will help
those people to read out text documents more precisely without reading whole
document and also to summarize large file of Gurmukhi text for various types of data
analysis. In this dissertation, we will discuss the idea to summarize Gurmukhi text

document using extraction technique.
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Chapter 4: Problem Statement

Today there is only one system available for Punjabi Text Summarization over the
internet, which is not perfect and has low quality of the summary. So a lot work needs
to be done to improve the quality of the summary by developing new features and
techniques for sentences extraction. Sometimes it may happen that the theme sentence
of a document does not have enough weight to be included in the summary. If this

issue is not handled carefully then summary may be ambiguous and it is not useful.

In this dissertation, a system is developed which will summarize Gurmukhi text
document using extraction technique and has better accuracy then the existing system
in terms of precision, recall and f-score. In proposed system some new features such
as Emails and Web-Address, which are very important features of text and can be
included in the summary. Other important features are quotations (sayings of peoples)

and brackets (), these features can be included in the final summary.

So, work is done to resolve these types of issues in GTSS and to improve the quality

of the summary that covers maximum theme with less redundancy.
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Chapter 5: Proposed System Architecture

Goal of ATS is to select the most important sentences of the text document. The

proposed method uses some statistical features to find most important sentences. As

shown in Figure 8, system consists of 3 major blocks, Pre Processing phase,

Processing phase and Sentence-Extraction phase.

Extraction Phass

e -‘F _________ 1 K >
Segmentation
W Sentence Location(f,)
Tokenization | T
v Sentence Length(f,)
Removal of Stop Words | '#
v |  Numeric Data in Sentencetsy) |
Root Word Identification | o
Cue Phr
Pre Processing Phase | = ;ﬂm |
¥ | Totms in SentencesE} |
3 v
| Keywordsin Sentencestty |
W
Titla Feature(f;)
| Simitarity BetweenTwo Sentencests,) |
Gurmuldy-F nglish Conmmon Words(f;)
€ y Y ¥
N Presence of URL’s or Email Addresses(f, ;)
|  Normalization (Weight-Ranking) | T
"k Presence of Brackets(f,,)
| Sentences Weights Storing | 4’
Presence of Inv erted Commas(f,.)
| Top weighted Sentence are Extracted |

Processing Phase

Figure 8: Proposed System Architecture
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Chapter 6: Implementation

In this section we discuss how to summarize Punjabi text document and make

summary according to need of user say 20%, 40%, 70% etc. Python 3.3.3 is used for

implementation and detailed implementations of every step with snapshots are given

in this chapter. Here are some brief steps that are involved implementation are shown

below:

Steps involved in implementation are: -

o ~ w e

10.
11.
12.
13.
14.

Open input file in reading mode.

Store whole file in a list (data structure in python).

Close input file.

Now break list into list of lists by identifying delimiter such as | (dandi).

After step 4, break list of lists further into elements of lists by identifying
delimiter such as (space between two words).

Remove stop words from list of lists.

After removing stop words remaining words are stemmed towards their root.
Calculate weights for 12 features and create new list for every feature and
store value for every feature into new lists.

Normalize weights using Weight-Ranking equation.

Sort sentence weight in decreasing order.

Vary scale according to need of summary in percentage (%).

Extract sentence from main list which is created in step 2.

Put extracted sentences into new list in same order as they are in main list.

Show summary to user.
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6.1 Reading, Storing and Segmenting Of Input File

Steps involved in section 6.1 are:-

1. User select input file (.txt)
2. Selected file is opened in read mode and stored in a list (data structure in
python) by the GTSS.
3. After storing file contents in a list, segmentation on list is performed.
4. Segmented output is stored in a list of lists as shown in Figure 9.
FEFE e it Tet) 5

mmwammmmhmw@mwa,_
T WE S T8 WA S Ga-fea S i me Tl i
F i &4
3

HRZ HRZ T G e Tl
5 T wregs 9R8 13 T W ARG 3 % 3, 173 57 GO A foaw S gehi wd -
SIRE! f A 18 B WS Haahd Ta? w @ AT 3G

percentage of summary needed

FH 972 (Make Summary)

Pl e SRE (Summary of Input Ted)

Preprocessing phase

gequentation phase oucput

Mubet R AR E R A S G E IR TR MM T TR E R T, ¢ U A S M T T 5 e T R ey
7 Ra e d, T 9w T i ), | O A8 FoR v 3 i aned b g5, e T s RE B 9 7 09 RS AU R T wE A I Wl O d9-fedh = u
i F0A T8, [ WiAE # I9E A, T FE AR § U SR TR 0 07 AOHTRA RS SR HRE R F 9 A9 e, He3 aed O, 919 9§ O3 A 3 A2 RS EUE §
TT ], [Ma\fe 4.3 2 T OE 3 B G T, SOE A - e W AR ), R e I W W R i - e I M S, W W A
# £l Gab W O-EEEE Fwehig, [ R VR O 9 B R RWR § AU ¥ T A € wen of A S ud feen e T R Te), [ feaw 2 R e A v R i Ve Wl
ol T2 il A A 3 1A o et e, Jodt 2ok O 3 e R 7 kR wd O, 1 \a\edm, Ut W W R W v g8 T TR oM gt O, [ A
A R R R O L - M e e = N0 I W O M T L e e e A e e e
i AR Ll e RGNS B i e e el PO I I = P A R AR 7 ST e e A
‘ ] Ay, [ EIMIGE IR IE O A TR W], B A IR . i, de
‘ T, 1" U7 B2 WE U I R 6 AR, W Oy e A i WA, (\a\odREE IR T R R Y R W w
id, P RRARIR AR, AR R i v e P, I iR I AR W AR g
[ o T e fETR E 3 uE TR T R E IR T 08 T e e mw ek i v d e O frow @ d s & T 49 § i

‘ HarREFdddadm, @, ciIMmIg M IR mMIEHED), | Mg RmimeEn
EEm TR N R E RS e d v R i S R w ), o 5 T T 9 e 1 8 e A S ey,

g i iR R R @i d),  E iRl R R dTdad o, | W R T T R e S
FRATW AT TE o T, [afEE I, mE e T R e e R e SR s s ), o e miEm A i
@ o 7 5 g R TR Tl i R R idmERT), | BRI IR g R, iR AR

W FE WG 49 A g e el A A § &
EeEe Rk RERIPGEARm e s T IR T, i v A T e Ei e, R
ME TR MR TR R IR i i mmd, Al IR i R e ¥, P T E AR B T
L eI e plE e deEd, mwd m g w ), R dm R d ], ¢ aeon i T Y, e § 1§ T e,

W S § AEgE T B, b, T, oA, TomE, R @ 9y o R T i wd R, (nen\n(eats) T Y (G 99 \nessandosdz’ 1]

Figure 9: Sorting Weights and Percentage of Summary Needed
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6.2 Tokenization

Steps involved in section 6.2 are:-

1. List of lists in which segmented data is there, is further tokenized on the basis
of space between two tokens (words).
2. Split() function is used for tokenization.

3. Tokenized output is stored in list of lists as shown in Figure 10.

Figure 10: Tokenization

6.3 Stop Words Removal

Steps involved in section 6.3 are:-

1. The output of tokenization phase stored in list of lists is further used by stop
words removal phase.

2. From list of lists, stop words are removed by GTSS.

3. After removing stop words, approximately 45% words are left for processing
phase, the words left are useful words as shown in Figure 11.

4. The output of stop words removal phase is stored in list of lists for further

processing.
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output of stop words removal phase

[["\ufeffgd', i, @amn’ i, fhi, g, R, S, mem, w, |;@g| '?H] [h@n TR, HidEE, FE, o, TEEA, |ﬁ{g|’ R, FEE,
, fden, i, eER, g, 'W' Iu‘@] piEE, da, dE, AR, |W| BT, P U, W flah, B, n.ngu @, dE, E, B, me,
R o el [ L e o S e, e e o R, b W o, e o
[N |W|, 3, q‘ngn |a1a1| |ja| THTE, 'W' |"ﬁ1|, HR, R, qa—‘i‘pwu], [ua.%ﬂu, |m|, mign, @7{[:’ |m, , ga'@@ |ng'gg'r;n S, G- P
[TFPW?E‘H @W mdn, 'W', [b::: D << T @73_@"3., |W|’ OB, |fﬁ|, ', |W|, |§3‘h;1i|, 'W—f—{ﬁm', |W.]’ [ul]'wau "af_' THHE, T, R, -]
o, o, i, v, R, e, g, e, B, S, e, e, E, o, T, ik, o, T
o ":'ﬂ"a' |'HT.{| g, g, dgE, o, g, e, UmEh, EIRS, W, wERRY, fEEEe, W@, o, g, A, dy, oS, w@E, g, o,
Ty, @gu Fa, TR, EEe, q.W@u HEUE', THRAS, et 'hFif' g, dtd, Jg, gt @, o, v, ol 'aﬁ' HUE, YEE, EE, ",y
B, 'k, o, R, CfeEE, R, e i, e, e, e, T, AR, s, fEA, @, BT, [wn- o, (R, v
‘p;{nr |m|’ T, '33', g, 'Uﬁ' T, |ga]1| @a‘u g, g, |m| |ga||r |ﬂg|]’ [ufg'au’ W, |@|’ |fj?§|’ W, 1EE, am'g;( m 'EW' U q
(g, W, o, e, R, L, w e, v, R, 3, R, e, gE e, e, [uﬂ- i, i, o
B, o, o, me, gem, o wr, 9, (A, e, D, dw, o, E, o, o, S, oFE, R, 00, [, TR, i,
e, gy, o, ol |” B |fga-5n WA, W m m g, |33(| |a”-an e, &, R, qj-h‘u T, 'WQE' [fegah, e, e,
g, e, g, e, i, . v, e, T, G i A, [, e G, o, R, [
, 'E8,', '"WRI, TB, n)an |1u3|a| n;r@gu |W| n,@] 'W', I P, B0 |m| |fgg73| [b:ur- (Y- (Y~ OO+ OO T = (R -~ '1}]3@', g, 3,
o, o, |y,m‘1|, e, 'W?W' |M| g, 1, |fgg|’ R, 'HTE", |m11"gm|, |g'rg"pw|’ |;';|a‘1|, @uu], fegat, g, wEh, e, EETRE, e, w
e, (5, e, T, W, Y, B, R, R, TN, g, G, o, o, b, e, g, i, i, Yo,
t, dim,r, e, vl WW e, @, s, e, 3R, @, e, Uk, f@e, oW, ofe, ol ome, wme, F, g, g,
|fga|, IHTG'! T, 'W@?‘T' 'MH'T' 'm' g, |a'@1w|’ |8"a'ﬁ|’ |W|’ 2, w,'{—tva:’ 2, e, |Q@|’ @5"3]3“’ |ﬂ@|, R, |m [fgéu mu’ |m|’
T, g T, e, R, T, A, T, W, T, S, (T, e, e, v, e, e,
, @z‘:‘mu]’ [u;@:, AR, UEY, VWA, WA, q'a:, n:}g‘f:, |fga|, |W| |hj?'5n’ njg'u |a"qu H, THR'], [fgg‘u =7, |{1]'3'| |[1r5'| |fga'5n q.{;Em W, w0
o, |W:]’ [umu’ |7ﬁ"ga|’ |g"'g|’ |3‘m|, W', [:Qﬁﬁu’ @mu, |ﬂf:n ;E WETE, AR, H:W@El |g§| |\ﬁ| R, '?1,' |ﬁ| R, |g11| ' AP
o, o, pRE, o, e, b, ok, de e, el g, e, (R, e, w, W, ww, o, R, e, s,
|ﬁﬂ7|’ |3’5'T|’ |W|], [rexr, 1 (g313)', 'SR, 'HRY, |(E|a‘fa‘|’ ) ', 19988040642 ] ]

total no of words in input file are 853

total no of words left after removing stop words are 3524

Figure 11: Stop Words Removal

6.4 Root Words Identification

Steps involved in section 6.4 are:-

1. Output of stop words removal phase is further processed by stemmer.

2. Output list of stop words removal phase is used, where words are stemmed
towards their corresponding root as shown in Figure 12.

3. The output of stop words removal phase is stored in list of lists for further

processing.

Root-Words

([utesT?, -u;n- B, e, b, g, &, e, R,
gt ufaﬁ w1 Tdaser v, ,
1, mam gEEn .W. 'W'f A, A, R, 8, e, Eg, e, @b, vk, aeel, il w0, me, R, ¥, d@, W, A
e, =, [@F':" 'WHT, HEI’?H', A, g, g, e, W, W] ['W', 'E'H", "ﬂﬂ', T, GET' B Wﬁ' '8'31'], [TE, FEE
@, g, B, 3, nae, .51.’ ga |ﬂg|]’ e, e, o, e, ,mg TE, apfﬁ i .3;". =, .;EE] [«ﬁ. e, amE, FE, udE, o
s om0, EeE, e, i, o Lo, e, g, wE, oEE, dweE, (U0, RS,
L Fs, dEE, 3, 3, ke, .;Eg. 'W' g, o, o, o, B, R, (IR, TR, gy, (o, fifEr, i, .m.’ W,
w-, W wEh, e, B@, dw, R, 89, wE, o, o, e, e, EE, i, v, v, g, o, b
g, E, A, T, R, T, A 'm'], U, e, g, e, oSy, A, w0, WE, Ter, T, g, i, e, ['T?H
T i j e, b, R, [»wa

i, o, dEe, dE, e, wE, bE, F, ER, e,
Fm, TR, Hen, e, .g. S 7, 9, |g21| ﬁ?a Rt

, vE@E, [, .qu’ bor Il Y ket : 0 , Ry, oy W, .m.r g,
W, v, W, Eeh), pEE, dEh, o, o, g, g, S, e, T, B, PR, FE, R, CWRE, W R, g, ot om, fie,
B, o, o, o, v, g, W, N, R wm aw, w, , w R, R, e, R, (R, B, R, o,
i, TR, ZE, @, o, d, e, R, e, e, T, .ﬂa] v, ), pmEe o, e, i, wmn, g, den) R, e,

T, (I, TR, E@, E,, T, WG, o, o, @, 3, R, .331. ], [eer, 0 (6315)0, 'HEAY, 'EEEY, ' (TEEV, 'EE), '9988040642'])

Figure 12: Root Word Identification
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6.5 Calculating Features Weights

Steps involved in section 6.5 are:-

1. After pre-processing phase, list of lists is further used for processing phase.

2. In processing phase, a weight is calculated for every feature and new vector is

created for every feature as shown in Figure 13.

3. A positive or negative weight is assigned to every sentence according to the

selected feature, which are explained in previous chapters.

Processing phase

1. feature sentence position [0.9761904761304762, 0.9523803523809523, 0.9285714285714286, 0.9047619047619048, 0.8809523808523809, 0.8571428571428571, 0.83333333333333
34, 0.8095238095238095, 0.7857142857142857, 0.7619047618047618, 0.738095 952 0.7142857142857143, 0.6304761904761905, 0.6666666666666666, 0.6428571428571429, 0.6
190476130476191, 0.59523 14, 0.5476190476190477, 0.5238095238095288, 0.5, 0.47613047619047616, 0.4523809523809524, 0.42857142857142855, 0.4
0476190476190477, 0.38035238095238093, 0.35714285714285715, 0.3333333333333333, 0.30952380952380953, 0.2857142857142857, 0.2619047619047619, 0.23809523809523808, 0.214
0.19047618047619047, 0.16666666666666666, 0.14285714285714285, 0.11904761804761304, 0.09523808523808523, 0.07142857142857142, 0.047613047619047616, 0.0
23809523809523808, 0.0]

2. feature sentence lenght [0.31578 , 0.421052631578 , 0. . 0. 736842105263, 0.052631578 , 0. ©0.710526315789
4737, 0.18421052631578946, 0.13 18421052631 &, 0. . , 0.1842 , 0. 2 0.342105263157

, 0.15789473684210525, 26315789473 2105263157
210526315 1052631578
894736842105263, 0.3421052631578

052631576,
368421, 0.4473684210526316, 1.0, 0.5,

10527, 0.39473684210526316]

3.feature presence of numerical data in sentences [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, 0, O, 0, O, 0, 0, ©, 0, O, 0, O, O, O, O, O, 0, 0, ©, O, O, 8, 0, O, O, O
, 0, 0, 0.14285714285714285]

4. feature presence of cue phrases in sentences [0, 0, 0, 9, 0, 0, 9, 0, ©, 0, 0, O, 0, 0, 0, 0, O, O, O, 0, 0, O, 0, O, O, 0, O, O, O, O, O, O, O, O, 0, O, O, O, O,
0, 0

5. feature presence of nouns in sentences [0.13636363636363635, 0, 0.058823529411764705, 0.02631578847368421, 0.058823529411764705, 0, 0.043478260869565216, 0.0285714
2857142857, 0.07142857142857142, 0, 0.10526315789473684, 0, 0.21428571428571427, 0.0625, 0, 0, 0.058823529211764705, 0.05, 0.125, 0.14285714285714285, 0.025, 0, 0, 0.0
2631578947368421, 0, 0.13333333333333333, 0, 0.08695652173913043, 0, 0.10810810810810811, 0.1, 0. , 0. 7, 0.09523809523809523, 0, 0.1, 0
.09090909090909091, 0, 0, 0.1 , 0.0 7, 0.2857142857142857]

6.1. keywords in Input Text Document ['WAZ', 'fE@&r, man, 2y

§.2. feature presence of keywords words in sentences [0.0, 0.0, 0.047619047619047616
0.1111111111111111, 0.07894736842105263, 0.0, 0.0, 0.09030909030909091, 0.18181818181 82, 0.0, 0.15384615384615385, 0.16666666666666666, 0.0, 0.11764705882352941, 0
.15789473684210525, 0.2, 0.1111111111111111, 0.1 181818182, 0.125, 0.1111111111 1, 0. , 0.23076923076923078, 0.0, 0.041666666666666664, 0.0, O
.05555555555555555, 0.0, 0.07142857142857142, 0.2, 0.0, 0.125, 0.0, 0.0, 0.0, 0.07692307692307693, 0.0]

0.1111111111111111, 0.0, 0.0625, 0.08333333333333333, 0.08695652173913043, 0.0,

7. Punjabi Title festure [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, @, 0, €, 0, 0, @, 0, 0, 0, 0, €, 0, 0, G 0, 0, 0,0, 0,0 0,8 0,0 0]
8. Cosine Similarity Between Two Sentences [0, 0, 0, 0, 0, 0, 0, 0, o, 0, ©, 9, 0, 0, 0, 0, 9, 0, , 9, 0, O, 0, O, O, 0, O, 0, 0, B, 0, 0, O, 0, O, 6, 0, B, O, O, O,
01

9. feature Punjabi-English Common Words in sentences [0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.08 , 0.0, 0.1111111111111111, 0.0, 0.05263157894736842, 0.0, 0.066
66666666666667, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.041666666666666664, 0.0, 0.0, 0.0, 0.0, 0.0, 0.2, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0]

10. feature presence of web address in sentences [0, 0, 0, 0, 0, 9, 0, 0, 0, 9, 0, ©, 0, 0, 6, 0, 8, 9, 0, ©, 0, 0, 6, 0, 0, 8, 0, ©, 0, 0, §, 0, 0, 0, 0, O, O, 0, O,
0, 0, 01

11. feature presence of brackets in sentences [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, 0, O, 0, 0, 0, 0, O, 0, 0, 0, 0, 0, O, 0, 0, 0, 0, 0, O, 0, O, Q, O, 4, O, Q,
0, 2]

12. feature presence of quotes in sentences ([0, 0, 0, 0, 0, 9, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, O, O, 0, O, 1, 0, O, 0, O, O, 0, O, 6, 0, O, 0, 0, O, 0, O, oJ

Figure 13: Calculating Features Weights

6.6 Normalization Phase

Steps involved in section 6.6 are:-

1. After processing phase, 12 vectors of features are needed to be normalized.

2. In normalized phase, weight of every sentence for every feature is calculated

and normalized as shown in Figure 14.
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Normalized weight of every sentence

[1.4283435862383231, 1,3734333839596997, 1.0876455645496094, 1.1211361737677526, 0.992407489311514, 1.4722744360902256, 1,7540045766390386, 1,109262286150158, 1.09983
29156223892, 1.0572263993316624, 1,106516290726817, 0.8721804511276195, 1.155639097744361, 1,05691786283809153, 1,1667805878332196, 0.7769423558897244, 1,07106567323285
g, 1,0512531328320802, 0,8831453634085213, 1.021155830753354, 0,9723684210526315, 1.0972431077694236, 0.9319131161236425, 1,037758031442242, 1.7666040100250626, 0.9675
020885547201, 0.8746867167919798, 0.9668485395259051, 0.7832080200501252, 1.0824188850304641, 0.5987468671679198, 0.5638262322472648, 0.5967418546365915, 0.64661654135
33834, 0.7087719298245614, 0,7323308270676602, 0,966535657325131, 0,5426085162907268, 1.0714285714285714, 0,7142857142857143, 0.7463466358203201, 2.8233082706766917)

Figure 14: Normalization Phase

6.7 Sorting Weights and Percentage of Summary Needed

Steps involved in section 6.7 are:-

1. Normalized weights are sorted in decreasing order.

2. Sentences having weights on the top of the list are most important sentences.

3. Higher weighted sentences are extracted for summary according to the
requirement of the user, it may be 20%, 45% etc.

4. Sentences are extracted in same manner in which they appeared in original

document, in order to maintain unambiguous summary as shown in Figure 15.

sorted weights of sentences

[2.8233082706766917, 1.7666040100250626, 1.7540045766590386, 1.4722744360902256, 1.4283435862383231, 1.3734335830598997, 1.1667805878332196, 1.155639097744361, 1.1211
361737677528, 1.109262286150158, 1.106516290726817, 1.0998329156223892, 1.0972431077694236, 1.0876455845496094, 1.0824188650504641, 1.0714285714285714, 1.0710656732328
56, 1.057758031442242, 1.0572263993316624, 1.0563178628389153, 1.051253132832 2, 1.021155830753354, 0.992407489311514 .9723684210526315, 0.9675020885547201, 0.9668
485595259051, 0.966535657325131, 0.9319131161236425, 0.8831453634085213, 0.8746867167919798, 0.8721804511278185, 0.7832080200501252, 0.7769423558897244, 0.746346635820
3201, 0.7323308270676692, 0.7142857142857143, 0.7087719298245614, 0.6466165413533834, 0.5987468671679198, 0.5367418546365915, 0.5638262322472849, 0,5426065162907268]
>3
Total no of sentences in input file is 42

Percentage of summary needed i3z 40 %
Number of sentences extracted for Summary is 16
sentence orignal location is [41, 24, €, 5, O, 1, 14, 12, 3, 7, 10, 8, 21, 2, 29, 38]

sentence to be extracted from original list are [0, 1, 2, 3, 5, 6, 7, & 10, 12, 14, 21, 24, 29, 38, 41]

Figure 15: Sorting Weights and Percentage of Summary Needed

6.8 Summary Creation

Steps involved in section 6.8 are:-

1. Sentences are extracted from original list, which is created in chapter 3.1.

2. Extracted sentences are shown in GUI as shown in Figure 16.
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Chapter 7: Evaluation of Summary

It is necessary to check accuracy, relevance and usefulness of the summary created by
GTSS. In this paper, Precision, Recall and F-score are used to evaluate proposed

system.

7.1 Precision

Precision is no of correct sentences divided by no of all sentences extracted.

{Relevant Sentences} N {Extracted Sentences}

{Extracted Sentences}

7.2 Recall
Recall is no of correct sentences divided by no of sentences that should have been
extracted.
_ {Relevant Sentences} N {Extracted Sentences}
a {Relevant Sentences}
7.3 F-score

F-score is the harmonic mean of precision and recall.

_{2xPxR}
~ {P+R}

Where Extracted Sentences are extracted by the system and Relevant Sentences are

identified by human.
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Chapter 8: Results and discussion

GTSS has been tested over twenty Gurmukhi Documents consists of news, stories and
articles etc. taken randomly from Internet. In our experiment, we use most common
sentences of summaries created by four human experts manually at compression

ratios 20%, 40% and 70% are taken as benchmark summaries (reference summaries).

w0

| 2314 91.48 9436 —
8o T S—
£ | - T _—
= 60 - —
< '
._§=,_ 40
20 -+
| T ———
o F— ———
- 7
20 ——— P
a0 ———
70

Summary Size [%4)

Figure 1: Summary Accuracy vs. Summary Size

0.7

0.6

0.5

04 -

0.3

0.2

0.1

Sloc Slen Ndata Cue MNouns Key TF 55 GE

URL's BK Ic

Figure 2: Features Weights Comparison

It has been noticed that GTSS performs well and achieves high rates over 90%
accurate. In the category of news articles for compression ratio of 20% the accuracy
achieved was 82.04%, and for 40% and above it touched the 92% mark in terms of
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accuracy. For stories, GTSS achieves highest accuracy for compression ratio 40% and
above in the range above 94%. In case of article published online the accuracy
achieved by GTSS was around 91% for a compression ratio of 40% and above. In
conclusion, GTSS achieved maximum accuracy in terms of F-Score for compression
ratio of 40% and above for news, stories and articles etc. and perform fairly at 20%
compression ratio, due to filtration of maximum information. More interestingly, it
can also be concluded that the accuracy of GTSS increases as summary size increases
as shown in Figure 1. Figure 2 shows the average weights of all the features identified
in the surveyed text documents including news, stories and articles. The proposed
URL feature emerges as an important feature for summarization in context to the
amount of Gurmukhi text available online after doing analysis of various Punjabi

documents.
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Chapter 9: Conclusion

This thesis discusses single document automated Gurmukhi text summarization
system which is implemented using Python 3.3.3. In Proposed system most of the
used resources such as list of Gurmukhi nouns, Gurmukhi-English Common Words
list, Stop Word list and Gurmukhi Root Word Identification algorithm etc. were
developed and implemented. There are no ready resources available openly over the
internet because of very less research work is carried out for Gurmukhi text
summarization system. After doing analysis of various Gurmukhi newspapers and
articles some new features are also developed such as Presence of URL’s or Email
Addresses, Presence of Brackets and Presence of Inverted Commas in sentences etc.
which are also important features of text and shows good results by including them.
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Chapter 10: Future Scope and Challenges

10.1 Future scope
In the future, GTSS may further be extended to multi document summarization.
Quality of the summary may further be improved by implementing optimization

techniques, some semantic features and some others features given below:-

1. Text summarization tools can be linked with various applications available
online for summarizing data.

2. Abstractive approaches to text summarization can be added to improve quality
of the summary to large extent.

3. Summarization approaches can be implemented for other multimedia such as
audio, video etc.

4. Text summarization task can be extended to other Indian languages also.

10.2 Challenges

There are a lot of challenges which needs to be resolved such as: -

1. A corpus for Punjabi stop words is not available.
2. Features for Punjabi language are different and are very difficult to process.

3. Pronoun level ambiguity is very difficult to remove.
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