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Abstract

Automatic text summarization is a technique which compresses large text into a shorter text which includes the important
information. Hindi is the top-most language used in India and also in a few neighboring countries there is a lack of proper
summarization system for Hindi text. Hence,in this paper, we present an approach to the design an automatic text summarizer for
Hindi text that generates a summary by extracting sentences. It deals with a single document summarization based on machine
learning approach. Each sentence in the document is represented by a set of various features namely- sentence paragraph
position, sentence overall position, numeric data, presence of inverted commas, sentence length and keywords in sentences. The
sentences are classified into one of four classes namely- most important, important, less important and not important. The classes
are in turn having ranks from 4 to 1 respectively with “4”indicating most important sentence and “1” being least relevant
sentence . Next a supervised machine learning tool SVM™™ is used to train the summarizer to extract important sentences, based
on the feature vector. The sentences are ordered according to the ranking of classes. Then based on the required compression
ratio, sentences are included in the final summary. The experiment was performed on news articles of different category such as
bollywood, politics and sports. The performance of the technique is compared with the human generated summaries. The average
result of experiments indicates 72% accuracy at 50% compression ratio and 60% accuracy at 25% compression ratio.
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sentences. Abstractive summaries are produced by
reformulating sentences of the source text. An Abstractive
summarizers [12] [13] understands the main concepts in a
document and then convey those concepts in clear natural
language. It uses linguistic methods to examine and interpret
the text and then to find the new concepts and terms to best
describe it by generating new shorter text that conveys the
most significant information from the original text document

[5].

Although the wvarious approaches are proposed for
summarization of major languages like English, Swedish,
etc. some challenging problems are still open for other
languages of the world. India has around 120 major
languages and 1500 other languages. Since recent years
many researchers are working on Indian and other languages
but less work has done on Indian languages. Though Hindi
is the top-most language used in India and also in a few
neighboring countries there is a lack of proper
summarization system for Hindi text. Hence, the technique

1. INTRODUCTION

The rapid growth of the Internet has resulted in enormous
amount of information in natural language that has become
increasingly more difficult to access efficiently. In the fast
moving world it’s difficult to read all the text-content. The
technique is being developed through research since last 50
years and with the increased use of the Internet and
electronic documents the need for fast and reliable
summarization has undergone a rapid growth. Automatic
text summarization is a technique which compresses large
text to a shorter text which includes the important
information, subjects and various elements from the original
text. The computer is given a text and returns a summary of
the original text. Text summarization can be useful in day to
day life. For instance, review of a movie, headlines of news,
abstract summary of technical paper and review of book.
Also, it is more and more being used in the commercial
sector such as, data mining of text databases, web-based
information retrieval, telephone communication industry, in

word processing tools, etc. Automatic text summarization is
one the important steps for information managing tasks. The
problem of selecting the most important parts of the text is
solved by it.

The output of summary can be of two types: Extractive
summaries and abstractive summaries.  Extractive
summaries are produced by extracting the whole sentences
from the source text. The importance of sentences is
determined based on statistical and linguistic features of

for Hindi text summarization has been proposed in this
paper.

The rest of the paper is structured as follows: Section 2
describes the related work in text summarization, and
Section 3 describes the proposed summarization technique.
Section 4 presents the experimental work and its results and
Section 5 concludes the paper by summarizing the study and
gives some future work.
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2. THE RELATED WORK

A lot of a variety of summarization methods has been
proposed and evaluated, but mostly for English and
European languages. The very first work in automated text
summarization was done by Luhn [1] in 1958. He used
frequency of word occurrence to produce summaries from
technical documents with the aim to determine the relevance
of a sentence in a document. It has been assumed that the
most frequent words are indicative of the main topic of a
document. P.B. Baxendale [2] in 1958 proposed novel
feature that is sentence location or sentence location position
in an input document. It is analyzed that sentences which are
positioned at the beginning or at the end of the document are
more important than other sentences in the document. A
sentence position feature became an essential feature for
sentence extraction and it is used till now. H.P. Edmundson
[3] in 1969 proposed a novel structure for a text
summarization. He proposed two new features. First, cue-
words that is presence of most indicative words into a
document such as finally, in summary, lastly, etc. Second,
title or heading Words that is an additional weight was
assigned to a sentence, if sentences have heading words in
it.

Later, Julian Kupiec [4] in 1995 proposed some new
features like sentence length, presence of uppercase words,
phrase structure and also included other features developed
previously. Also, described a new technique of
summarization with naive-Bayes classifier, the classification
function classifies each sentence as whether it is extraction
worthy or not.

Chin-Yew Lin [6] in 1999 also tried to model system for
sentence extraction using decision trees for creating
informative generic/query-oriented extracts. Chin-Yew Lin
identified different features such as: title, baseline, position,
tf-idf, query signature, sentence length, lexical connectivity,
quotation, first sentences, proper noun, pronoun and
adjective, numerical data, weekdays and month. The score
for all features were combined by the automatic learning
using decision trees and combination function. Lin
conducted deep study of different features effect through
glass-box. The experimental result shows that there was no
single feature which performs well for query-based
summaries. Features like numerical data gives better results
for query which requires answer in numerical value, while
weekdays and month feature gives best result for queries
like "when?"

Conroy and O’leary [7] created a system for sentence
extraction using two techniques named QR and HMM. In
QR technique the importance of sentence was calculated and
the sentences having higher importance were added to the
summary. Then, relative score of remaining sentences were
altered because some of the remaining sentences were
redundant. And the other technique was hidden markov
model (HMM) that is sequential model for automatic text
summarization. And in HMM only three features were used:
sentence position, total no of terms in the sentence and
similarity of sentence terms in the given document. In the

end, evaluation was done by comparing HMM generated
summary with human generated summary.

S. P. Yong et al [8] in 2005 described an automated system
that had ability of learning by combining different recent
approaches such as: statistical approach, sentences
extraction and neural network.

Ladda Suanmali et al [9] in 2009 proposed a system based
on fuzzy logic. Fuzzy rules and fuzzy sets were used for
extracting significant sentences based on sentence features.
Various features were used to compute sentence significance
and a value was given between ‘0’ and ‘1’ if a particular
feature was present in the sentence. Feature used were title
word in sentence, sentence centrality, similarity to first
sentence, keyword, sentence length, sentence position,
proper noun and numeric data. The values of these features
were given as input to fuzzy system, which created an
output based on features and IF-THEN rules defined for
sentence extraction.

Li Chengcheng [10] in 2010 proposed a novel ATS method
based upon Rhetorical Structure Theory (RST). RST is the
notations of rhetorical relation presented between two non-
overlapping text called nucleus (N) and satellite (S). The
experimental observations were used to express difference
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 entire text was divided into small units called
sentences based on delimiter like full stop, commas, any
punctuation mark found between sentences. The entire
process was built on a graph, sentences which were less
important were removed from the graph and remaining
sentences were summarized. More detailed survey and
comparisons of related work in text summarization field can
be found in [16] .

3. PROPOSED METHOD

The goal of automatic text summarization is to select the
most important sentences of the Hindi text document. The
proposed method uses various statistical features to find
most important sentences. Also it makes use of SVM™ a
machine learning tool to rank the sentences. The general
outline of the methodology used for this task is described
below.

Input: A text file (original -Og).

Output: A summarized text(S) of original (Og), as per
compression ratio.

1. Read Input text File -Og

2. Pre-process the file Og . //Preprocessing step
2.1 Segment text file into sentences.

2.2 Tokenize each sentence into words.

2.3 Remove stop-words.

3. /IProcessing step
3.1 Extract following features from Og file -
Sentence Paragraph Position (f1),
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Sentence Overall Position (f2),
Numerical Data in Sentence (f3),
Presence of Inverted Commas (f4),
Sentence Length (f5),

Keywords in Sentence (f6)

3.2 Apply SVM maodel to rank sentences in range from4 to
I,with “4” indicating most important sentence and “1”
indicating not important sentence.

4. Generate summary . //Extraction step

While (lines in summary file (S) does not exceed maximum
limit as per given by compression ratio) Do

4.1Extract all lines from Og with rank4
4.2 Extract all lines from Og with rank3
4.3 Extract all lines from Og with rank2

5. Display summary file (S).

Thus the proposed technique can be grouped into 3 major
blocks- Pre-processing, Processing and Extraction which are
explained henceforth.

3.1 Pre-Processing

In pre processing stage of this proposed technique, the text
is first split into sentences, then sentences are further broken
into words and then stop words are removed. Preprocessing
stage involves 3 steps 1) Segmentation 2) Tokenization 3)
Stop words removal.

3.1.1 Segmentation

In this segmentation part, sentences are segmented based on
sentence boundary. In Hindi language sentence boundary is
recognized by “|”. On every sentence boundary, the sentence
are broken and put into list. The output of sentence
segmentation part is collection of sentences that are further
processed in next stages.

3.1.2 Tokenization

In this tokenization part, sentences are broken down into
words. In Hindi, sentences are tokenized by identifying the
space and comma between the words. So the list is created
in which it contains elements as words or also called tokens
which are maintained for further processing.

3.1.3 Stop-Words Removal

Most commonly or frequently used words are called stop-
words. Stop-words are worthless and do not have any
importance into the sentences. So these types of words
should be removed from input text document, otherwise the
sentence having more no of stop-words could have higher
weight. We analyzed that every Hindi text document
contains minimum 25-30% or more stop-words. Example of

stop-words are "&", "g", "3{R", "AGI" etc.

The input and corresponding sample output of the
preprocessing phase is shown in figl and fig2 respectively.

Fedar-aRen & e W srater e B 3t vy A, 5 sk
¥ A g de rrEdRyew 9 R 8 swet s O i § e
R W FQ, Fq0 FF, JW0 Z0, IR U7 0, W wewl
AEAE KA # €, WU ST |

Figl. Sample input

- i oM R e

Fig. 2 Sample output after preprocessing phase

3.2 Processing

Processing stage is the heart of text summarization, here in
depth analysis on text document is done. In processing
stage, value of feature for every sentence is calculated. Our
proposed technique makes use of six statistical features [15]
for calculating sentence score and each of them are explain
below:

3.2.1 Sentence Paragraph Position (f1)

Position of sentence has its importance in a text document.
Starting sentences of paragraphs are important in nearly all
the cases because they convey theme of the document and
has higher probability to be extracted for the summary.
Sentence position value is calculated in such a way that,
higher values are assigned to the starting sentences and
lower values are assigned to ending sentences of the
paragraph. Sentence Paragraph Position values are
calculated using the equation given in Eqn.1 :

n—i
Sen_para_pos(Si) = -
Eqgn.1

In Eqn 1,Si is the i"sentence in a paragraph, n= Total no of
sentences in a paragraph and “i” ranges from 0 to n.

3.2.2 Sentence Overall Position (f2)

Sentence Overall Position values are calculated in context of
the entire text in the document. Sentence position value is
calculated in such a way that, higher values are assigned to
the starting sentences and lower values are assigned to
ending sentences of the document. Sentence Overall
Position values are calculated using the equation given in
Eqn.2:
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n=—i
Sen_overall_pos(Si) = —
n

Eqn.2

In eqn2, Si is the i™ sentence in a text document, n= Total
no of sentences in a text document and i ranges from 0 to n.

3.2.3 Numerical Data in Sentence (f3)

A numeric data in Hindi Sentence represent some important
information regarding some date, age, rupees, address etc. In
Hindi, data can be represented in digits and Hindi fonts such
as (01/01/2014 /I oaloa/zo98) date, etc. Numeric data
values are calculated using the equation given in Eqn.3.

N Data(si _ (numeric data in (Si))
R SenLen(Si)

Eqn.3

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

3.2.4 Presence of Inverted Commas (f4)

In Hindi , text having quotation marks or inverted comma
surrounding it indicates direct speech, literal title or name
etc. and it contains important information. Presence of
inverted commas is calculated using equation given in Eqn.4
below:

(Quoted Words in (Si))

SenLen(Si)
Eqn.4

1C(Si) =

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

3.2.5 Sentence Length (f5)

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 given in Egn.5:

. Words in (8i))
Sen_len(Si) = ————

LongSen

Egn.5

Where Words (Si)= Total no of words in sentence Si and
LongSen= Total no of words in the longest sentence.

3.2.6Keywords in Sentence (f6)

Keywords are words that appear with high frequency in a
text document. Keywords identification and computation is
very important feature and it helps in deciding sentence
importance. Keywords in sentences are calculated using
equation given in Eqn.6:

Key(Si) = Keywords(Si)
Bl = SenLen(Si)
Eqn.6

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

3.3 Extraction

The sentences are now extracted and included in the final
summary file based on the total lines possible in depending
on the compression ratio intended.First, all the sentences
having rank 4 are included in summary. Subsequently
sentences having rank 3 and 2 are included in summary. It is
noteworthy that the relative position of sentences is not
changed in the final summary file .For example if two
sentences s1 and s2 were at first paragraph and third
paragraph in original text , in summary file alsothe position
of s1 would be before s2 sentence .

4. EXPERIMENTS

In this section we discuss about various experiments
conducted for generating summary of the Hindi text. For
implementing the above discussed approach, Java version
1.8.0_66 as programming language and Netbeans IDE 8.1 as
platform have been used as they support UTF-8 format,
which is necessary for processing Hindi text. Further,
SVMRANK has been used as a machine learning tool to
extract important sentences based on the given rank.

4.1 Data Set

As our main focus is on Hindi news domain, we have
collected data set from various online news sources like
zeenews, khabarNDTYV, Patrika, etc. We have collected total
130 Hindi news articles from different categories of news
namely bollywood, politics and sports.

Tablel. Characteristics of dataset
No. of articles collected 130 Hindi news aricles

Domain categories Bollywood, Politics, Sports
Average Sentences 20-30
Average Words 400- 500

To generate the tagged corpus , the sentences are classified
manually into one of four “ranked” classes namely- most
important, important, less important and not important.
These classes are ranked from “4” to “1” respectively.

4.2 Evaluation

It is required to check accuracy, relevance and usefulness of
the summary created by an automatic summarizer. For
evaluating results of summarization, accuracy has been used
as evaluation parameters. The generated summaries are
evaluated against human generated summaries. The experts
were asked to create summaries of our collected dataset.

Accuracy is the percentage from which the sentences are
correctly classified for the inclusion in the summary [14].

no. of sentences correctly classified . 100

Accuracy () Totalno. of sentencese Summary
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4.3 Experimental Setup with Results
4.3.1Experiment setup 1

In this experiment, we have used various combinations of
features to identify the importance of each feature and tested
on Bollywood data set. Total 40 documents are given as
training set and results have been tested on 10 documents
for various combination of features set.

Table2.Results of Experiment setup 1

Feature set | Features Average Accuracy
set 1 fl 55%
set 2 f1,f2 67%
set 3 f1, f2, 3 67%
set 4 1,12, 13, f4 67%
set 5 f1, 5, 6 59%
set 6 f3, f4, 15, 6 62%
set 7 2, 3, f4, 15, 16 71%
set 8 f1, 3, f4, 15, 16 61%
set 9 f1, f2, 13, f4, 15 69%
set 10 f1, f2, 13, f4, 15,6 | 72%

From the results of Table 2, it is evident that considering
only sentence paragraph position (f1) feature gives result
55%. While adding sentence overall position (f2) in set 2
increases the results to 67%. Next, including features
numeric data (f3) and presence of inverted comma (f4)
doesn’t make difference in the results as it can be visible in
set 3 and 4. Now, by adding features sentence length (f5)
and keywords in sentence (f6) with sentence paragraph
position (f1) does not make much difference. Now, by
removing sentence position features degrades the results.
Hence, we can conclude that by considering all the six
features results better. It has been now clear that sentence
paragraph position (f1), sentence overall position (f2) and
keywords in sentence (f6) are considered to be the most
important features.

4.3.2 Experiment Seupt?2

Next , ten documents from each category have been tested
using all the six features at 50% and 25% compression ratio
(CR) and the results obtained are tabulated below in 3,4, and
5 for Bollywood ,politics and sports categories respectively.

Table 3. Results on Bollywood Dataset

50% Compression Ratio

25% Compression Ratio

Doc (Total No. of Sentences in Correctly Classified |Accuracy|Sentences in Correctly Classified |[Accuracy
ID |[Sentences Summary Sentence Summary Sentence

1 16 8 6 75% 4 2 50%

2 29 15 11 73% 7 4 57%

3 16 8 6 75% 4 3 75%

4 27 14 11 79% 7 5 72%

5 14 7 5 72% 4 3 75%

6 30 15 11 73% 8 5 63%

7 16 8 5 63% 4 3 75%

8 23 12 9 75% 6 5 83%

9 23 12 8 67% 6 4 67%

10 |18 9 5 56% 5 2 40%
Average 71% 66%

Table4. Results on Politics Dataset
50% Compression Ratio 25% Compression Ratio

Doc ([Total No. of Sentences in Correctly Classified |Accuracy|Sentences in Correctly Classified |Accuracy
ID |Sentences Summary Sentence Summary Sentence

1 21 11 8 73% 5 4 80%

2 26 13 10 7% 7 4 57%

3 20 10 7 70% 5 4 80%

4 41 20 15 75% 10 6 60%

5 34 17 13 77% 9 5 56%

6 19 10 7 70% 5 3 60%

7 35 17 12 71% 9 7 78%

8 26 13 10 7% 7 5 2%

9 25 13 10 77% 6 3 50%

10 |26 13 10 77% 7 3 43%
Average 74% 64%
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Table 5. Results of Sports Dataset

50% Compression Ratio

25% Compression Ratio

It can be observed from the results of Table6 that as the
compression ratio decreases the accuracy also decreases.
Another interesting observation is as the size of input
document increases,the accuracy at 50% compression
improves as compared for the small sized input.

4. CONCLUSION

This paper discusses single document automatic text
summarization for Hindi text using machine learning
technique. As expected it has become clear from the
experimental results, the performance in each of the
subtasks directly affects the ability to generate high quality
summaries. Also it is noteworthy that the summarization is
more difficult if we need more compression.

In future, more features like named entity recognition, cue
words, context information, world knowledge etc, can be
added to improvise the technique. Also, same technique can
be applied on domains other than news and later we can
study the effects of various domain characteristics on the
suggested features and overall performance of the technique.
It can also be extended to work on multiple documents. Also
it would be interesting to find other suitable machine
learning classifiers other than SVM for the task.
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