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Abstract: There is a growing requirement for the text
summarization due to the difficulty of managing exponential
increase of information accessible on the World Wide Web. Text
summarization is a process to extract the contentsin the original
text to the shorter form which provides important information to
the user. The summarizer presented in this paper produces the
extractive summaries of Kannada text documents. The proposed
summarizer system considers five features to determine the
important sentencesin the document. The features used are Term
Frequency, Term Frequency-Inverse Sentence Frequency,
Keywords feature, Sentence length and Sentence position. The
value of each feature is computed and score for each sentencein
the document is the average of all the feature score values. The
sentences with the top scores are selected to be included in the
extractive summary. The results of the proposed modd are
evaluated using ROUGE toolkit to measure the performance
based on F-score of generated summary. Experimental studieson
custom-built dataset with 50 Kannada text documents shows
significantly better performance in producing extractive
summaries as compared to human summaries.

Index Terms: Inverse Sentence Frequency, Natural Language
Processing, ROUGE, Term Frequency, Text summarization.

. INTRODUCTION

Automatic summarization is a method to compress the
contents in the original document into shorter form. The
shorter form is called the summary and it should contain the
vital information of the origina document. Due to the large
amount of textual data accessible in the form of online
documents, there is a requirement for an automatic tool to
produce summary of large documents so that it saves effort of
users in finding the information they are interested in. The
summary of document is created by pre-processing the
document then extracting the features followed by sentence
scoring step to find out which sentences are important and
crucial in the document.

Text summarization techniques are mainly classified as
extractive summarization techniques and abstractive
summarization techniques. Extractive techniques generates
the summary of the document by identifying important
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sentences using some word and sentence based statistical and
linguigtic features. In Abstractive techniques, summary is
created by selecting and reordering the words in the original
document or by adding some new words that are not exist in
the original document through linguistic analysis of the text.
Text summarization systems are also categorized as
single-document summarization systems and multi-document
summarization systems based on the count of documents
passed as input. Depending on the purpose, summarization
systems are classified as generic, domain specific, or
query-based.

There are many summarization systems available to

summarize the documents in English language and they are
producing summaries with satisfactory accuracy. But in
Indian languages, there is no accurate and compl ete document
summarization system to produce the summary. Therefore,
developing an automated text summarization system for
Indian languages can help readers understanding large
documents and provides the essential information about the
document content in less time. We proposed an approach to
extractive text summarization in one of the Indian languages
—Kannada. Kannada language is spoken mainly in the
Karnataka state of country India. The work presented in this
paper generates the extractive summary of Kannada text
document using Sentence features.
The flow of the paper is ordered as follows: We discuss the
developed text summarization method for Kannada
documentsin section |1. The experimental results obtained by
the proposed summarization method are illustrated in section
[11. Finally, conclusion of the paper and directions for future
work is briefed in section 1V.

[I. PROPOSED METHOD

Over the past years, only little research works has been
carried out to solve the problem of Kannada text document
summarization in  Natural  Language  Processing
[1121[3][4]1[5][6][7][8]. Our work proposed the Kannada
document summarizer, an application of Natural Language
Processing (NLP) extracts theimportant information from the
text document. There are mainly two techniques in automatic
summarization - text extraction and text abstraction. The
extraction method produces summary by selecting the
important words, phrases or sentences from the input
document. An abstraction method creates the summary by
adding some new words that are not present in the input
document. There are mainly three basic steps to produce the
summary: pre-processing, feature extraction and the summary
generation [9]. The proposed automatic text summarization
model for Kannada documents
isillustrated in Fig. 1.
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A. Pre-processing

In the process of Kannada document summarization, some
pre-processing operations are carried out before the sentence
scoring algorithm is executed. The pre-processing function
prepares the document for ranking of sentences and the
generation of summary.

The pre-processing operations performed on the documents
are:

a) Tokenization — A document is the arrangement of
sentences and every sentence consists of group of words.
Each word is treated as a token. Tokenization splits the
document into sentences and then sentences into individual
words.

b) Stop words removal — The commonly occurring words are
called stopwords, which have less importance in the
conclusion of document, are discarded for summarization
process. In Kannadawords like &3, (and), €973  (it), 833
(is), etc. are frequently used stopwords in sentences.

Kannada Text
Document

v

Pre-processing
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Stop words
removal

Stemming

A 4
v v v v 4
Term TF-ISF | |Keywords| | Sentence| | Sentence

frequency| length position
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Sentence Ranking
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Fig. 1: Text summarization processin the proposed system

¢) Stemming — The document may contain many words with
sameroot but in different forms. All such words are converted
to their root form for ease. Transformation of wordsinto their
canonical forms is done by the stemming algorithm. For
example, thewords 331 330D &SINY IO,
e33NPN should be converted into their original form €3&3.
All inflected words are converted into their root form through
stemming operation using a predefined suffix list in thiswork.

B. FeatureExtraction & Sentence Scoring

After aninput document is pre-processed, the sentencesin the
document are assigned scores based on five important
features: Term frequency, Term frequency-Inverse sentence
frequency, Keywords, Sentence length and Sentence position
in the document.
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a) Term Frequency (TF) — Term Frequency is a measure to
determine how frequently a term appears in the document.
The term frequency is calculated asin (1)
TF(t) = N/ TW Q)
Where N represents the count of a term t occurring in the
document and TW is the total count of terms present in the
document.
The score of each sentence is computed as the sum of the
value of the term frequency of all word present in that
sentence.

b) Term Frequency-Inverse Sentence Frequency (TF-ISF)
—Thisnumerical statistic determinestheimportance of aword
in the sentence of the document. The value of TF-ISF
increases proportionally with the number of times that aword
occursin asentence, but is offset by the frequency of theword
in the document. This measure helps to control the fact that
some words are more frequent than others. The inverse
sentence frequency is calculated asin (2)

ISF(t,d) = log(N/ ny 2
Where, n, isthe total count of sentences containing the word
w, N isthetotal count of sentencesin the document d.
The term frequency-inverse sentence frequency (TF-1SF)
feature score is given by combining the term frequency and
inverse sentence frequency asin (3)

TF-ISF(t) = TFO)*ISF(t,d)  (3)
The value of each sentence is calculated as the sum of the
tf-isf scores of every word present in that sentence.

¢) Keywords — Keywords are the words that occur frequently
in a document and they are probably associated with the
subject of the document. The 10 percent of total words which
are frequently occurring in the document are considered as
keywords. The score for this feature is computed as the ratio
of thetotal number of times a keyword appeared in a sentence
over the total number of times a keyword appeared in the
document as given in (4).

Keywords score = Ks/ Kqg 4
Where K represents the total number of times a keyword
appeared in the sentence and Ky is total number of times a
keyword present in the document.
The score for each sentence is computed as the sum of the
scores of the keywords present in that sentence.

d) Sentence length —The sentence length feature is used to
filter out the short sentences present in the document. The
score for the sentence length feature is computed as the ratio
of length of sentence to the length of the longest sentence in
the document asin (5).
Sentence length = L/ Lys 5)

Where Lsisthe length of sentence and L sindicates the length
of longest sentencein the document. The length of aparticul ar
sentence is given by counting the total number of words
present in the sentence [10].

€) Sentence Position — The
sentence position in  the
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document has a substantial effect on the document content.
The positional value of sentences is determined by assigning
the highest value to the first sentence of the document and
assigning the lowest valueto the last sentence of the document
[11]. The sentence positional value is determined using the
formulaasin (6)
Sentence Position = (Ts— SP) / T (6)

Where, T is the total count of sentences present in the
document and SP represents the actual positional value of a
sentence in the document.
For example, consider there are 5 sentences in the document,
the score of this feature for each sentence is computed as

First sentence = (5-0) /5, second sentence = (5-1)/5, third
sentence = (5-2)/5, fourth sentence = (5-3)/5 and fifth
sentence = (5-4)/5.

The final score for every sentence s of the document is
computed asthe average of al the feature score values (Term
frequency, Term frequency-Inverse sentence frequency,
Keywords, Sentence length and Sentence position in the
document) for that particular sentence and is given by (7)
Total_Score(s) = [ TF(t)+ TF-1SF(t) + Keywords score+
Sentence length+ Sentence Position] / N (7
Where N; isthetotal number of features used to score the
sentence.

C. Sentence Ranking & Summarization

The sentences of the document are ranked based on the
computed total scores of all sentences and the summary is
created by selecting the n top ranked sentences from the
document. The number of sentences (n) required in the
summary is specified by the user. The sentences selected for
the summary are reordered to retain the order same as in the
original document.

D. Summarization Algorithm

The sentence features based summarization algorithm takes
the Kannada text document as input and produces summary
with required number of sentences as specified by the user.
Input: Kannada text document and the number of sentences
(n) needed in the summary
Output: Extractive Summary with appropriate humber of
sentences
Start
Step 1: Read the input text document
Step 2: Split the document into sentences
Step 3: For each sentence

a) Tokenize the sentence into words

b) Remove stopwords

¢) Join the remaining meaningful words into sentence
Step 4: Compute the valuesfor the features - Term frequency,
Term freguency-Inverse sentence frequency, Keywords,
Sentence length and Sentence position for each sentence in
the document as

a) Term frequency: TF(t) = N,/ TW

b) Term frequency-Inverse sentence frequency:

TF-1SF(t) = TR()*1SF(t,d)

c) Keywords: Keywords score = K/ Ky

d) Sentence Length: Sentence length = L¢/ L;s

€) Sentence Position: Sentence Position = (Ts— SP) / Ts

Step 5: Find the total score for each sentence. It is computed
as average of al feature scores for each sentence
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Total_Score(s) = TF(t)+ TF-1S-(t) + Keywords
scoret+ Sentence length+ Sentence Position / Nt
Step 6: Select the top n sentences with the highest scores
Step 7: Sort the sentences to preserve the order of selected
sentences in the summary same as in the original document
Step 8: Extract the selected sentences from the original
document to form summary.
Stop

[1l. RESULTS& DISCUSSION

The dataset is created by collecting 50 documents
belonging to different categories from Kannada Webdunia
website and documents are saved in the text files using the
Unicode standard UTF-8 format. The five categories chosen
are Astrology, Business, Cricket, Politics and Sandalwood.
The statistics of dataset considering 10 documents in each
category for evaluation isgiveninthe Tablel.

Table|: Dataset Statistics

Category N u;ogzlr of TO;?IVU:QSQ
Sentences
Astrology (A) 76 749
Business (B) 53 874
Cricket (C) 82 1093
Palitics (P) 60 822
Sandalwood (S) 81 942

The proposed system is evaluated against documents of
five different categories chosen from the dataset. Only one
human summary for each document is considered for
evaluation. The generated system summary is evaluated by
comparing it to the human summary using the ROUGE tool kit
[12]. There are different ROUGE measures - ROUGEL,
ROUGE2, ROUGEL, and ROUGES etc. We have used
ROUGE1 measure to evauate the system generated
summaries.

The generated system summaries are evaluated using
ROUGE toolkit in terms of evaluation measures - Recall,
Precision and F-score and their values for 10 documents in
each category isasshowninthe Table I, Table Il and Table
IV respectively. Precision can be defined asthe ratio of count
of common sentences present in both system and model
summaries over the total count of sentences present in the
system summary. Recall is defined as the ratio of number of
common sentences present in both system and model
summaries and the total count of sentences present in the
model summary. F-score is defined as a composite measure
that combines recall and precision. It is calculated as the
harmonic average of recall and precision. The notation D1,
D2 ...D10 in the table represents the document numbers.

Tablell: ROUGE Recall
Scoresfor 10 documentsin
five categories
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Article Categories
A B C P S

D1 08 | 054 [ 1.00 | 056 | 0.53
D2 082 063 | 0.78 | 013 | 0.23
D3 045 075 | 0.30 | 046 | 0.27
D4 072 | 060 | 062 | 0.80 | 0.50
D5 061 058 | 1.00 | 0.71 | 0.78
D6 021 066 | 049 | 050 | 0.72
D7 034 1.00 | 055 | 043 | 0.78
D8 055( 061 | 0.79 | 0.63 | 0.50
D9 057 014 | 064 | 056 | 1.00
D10 0.77 ( 1.00 | 1.00 | 1.00 | 0.14

Average [ 058 | 0.65 [ 0.72 | 0.58 | 0.55

Tablelll: ROUGE Precision Scoresfor 10 documentsin five

categories
Article Categories
A B C P S
D1 100| 068 | 052 | 044 | 051
D2 100 | 1.00 | 1.00 | 0.07 | 0.35
D3 064 047 | 055 | 044 | 0.63
D4 060 046 | 062 | 1.00 | 0.61
D5 100 | 050 | 1.00 | 1.00 | 1.00
D6 0.36 | 1.00 | 0.52 | 0.46 | 1.00
D7 046 | 063 | 062 | 059 | 1.00
D8 0.38 | 056 | 069 | 0.65 [ 0.53
D9 070 | 012 | 1.00 | 045 | 1.00
D10 061 1.00 | 1.00 | 1.00 | 0.09
Average [ 0.67 | 0.64 | 0.75 | 0.61 | 0.67

Tablelll: ROUGE F-scorevaluesfor 10 documentsin
five categories

. Categories
Article A 5 eé] 5 S
D1 089 060 | 068 | 050 [ 0.52
D2 090 0.77 | 0.87 | 0.09 | 0.28
D3 053 058 | 0.39 | 045 | 0.38
D4 065 052 | 062 | 0.89 | 0.55
D5 075 054 | 1.00 | 0.83 | 0.88
D6 027 079 | 051 | 048 | 0.84
D7 039 0.77 | 058 | 0.50 | 0.87
D8 044 059 | 0.74 | 0.64 | 0.52
D9 063 013 | 0.78 | 050 | 1.00
D10 068 | 1.00 | 1.00 | 1.00 | 0.11
Average [ 0.61 | 0.63 | 0.72 | 0.59 | 0.59

The average values of recall, precision and f-score for all
documents in each category is as shown in the Fig. 2. The
proposed method has good precision scoresin al categories.
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Fig. 2: Average values of recall, precision and f-score for
each category of documents

IV. CONCLUSION & FUTURE WORK

An extraction based Kannada text summarization method
for asingle document is discussed in this paper. The different
features used to score sentences are Term frequency, Term
frequency-Inverse sentence frequency, Keywords, Sentence
length and Sentence position in the document. The generated
summaries are evaluated using ROUGE toolkit with recall,
precision and f-score evaluation measures. The performance
of this proposed system is good in terms of average recall,
average precision and average f-score values. In the future,
the performance of the proposed system may further be
enhanced by considering more statistical and linguistic
features in the process of sentence scoring and sentence
ranking.
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