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Abstract: Accessibility of immensely available information in electronic form has opened the doors for a newly growing research
area of Text Summarization. Text summarization is the process of abbreviating a huge quantity of information in one or more
documents into a succinct summary that can contain informative text relevant to the user. Effective summary can be generated with
organized information, with the help of optimization algorithms such as particle swarm optimization, artificial bee colony
algorithms, genetic algorithms and ant colony optimization are used. These algorithms can be applied on single as well as multiple
documents to get optimized summary. This paper aims to present a survey of text summarization procedure using nature-inspired
optimization algorithms.
Index Terms - Text Summarization; Optimization; Nature-inspired.

. INTRODUCTION

Text Summarization is a technique of extracting the core information from the given document and generating a summarized text
as a result. Abstractive multi-document summarization generates a concentrated version of the information-from a document.
Certain optimization techniques can be applied to generate a good quality summarized output. This paper aims to provide the most
recent and relevant information in the field of the text summarization using optimization algorithms that could be useful for study
and analysis in future research.

Nature-inspired optimization algorithms is a very important research area in computational intelligence, soft computing, and
optimization domains in a general sense. Optimization problems in the real world may be with single objective or multiple
objectives. Based on the nature of the problem, the algorithms can be modified to multi-objective optimization algorithms.

Swarm Intelligence (SI) is the collective intelligence behaviour of self-organized and decentralized systems. This paper highlights
on several Swarm Intelligence Algorithms. Various Sl-based algorithms include Genetic Algorithms (GA), Ant Colony Optimization
(ACO), Particle Swarm Optimization (PSO), Differential Evolution (DE), Artificial Bee Colony (ABC), Glow-worm Swarm
Optimization (GSO), and Cuckoo Search Algorithm (CSA) [28]. All of these algorithms have proved themselves in solving many
optimization problems.

1. LITERATURE REVIEW

(Mosa et al, 2019) proposed new model to be adequate for achieving many objectives and to satisfy the real-time needs. This survey
highlights, for the first time, how the swarm intelligence (SI) optimization techniques are performed to solve the text summarization
task efficiently. A convincing justification of Ant Colony Optimization (ACO), has been presented in this paper [1].

(Abualigah et al, 2018) proposes a novel feature selection method using the particle swarm optimization (PSO) algorithm
(FSPSOTC) to solve the feature selection problem by creating a new subset of informative text features to improve the performance
of the text clustering technique and reduce the computational time. This proposed method is compared with the other well-known
algorithms such as genetic algorithm and harmony search algorithm [3].

(Hemeida et al, 2020), in his paper addresses about the implementation of evolutionary optimization algorithms (EOAs) for mining
two famous data sets in machine learning by implementing four different optimization techniques, namely, whale optimization
algorithm (WOA), dragonfly algorithm (DA), multiverse optimization (MVA), and grey wolf optimization (GWO). The
comparative study proves that, the GWO, and MVO provide accurate results over both WO, and DA in terms of convergence,
runtime, classification rate, and MSE as measures [4].
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(Verma, Pradeepika et al, 2019) In his paper, a novel multi-document summarization scheme based on metaheuristic optimization
is introduced that generates a summary by extracting salient and relevant sentences from a collection of documents. The proposed
work generates optimal combinations of sentence scoring methods and their respective optimal weights to extract the sentences
with the help of a metaheuristic approach known as teaching—learning-based optimization [15].

(Abd Elfattah et al,2019) has introduced a hybrid approach based on the merger of Salp swarm algorithm and the chaos theory. The
proposed hybrid approach has been used to evaluate their ability and precision in the clustering process. It is revealed how Salp can
operate to find automatically [6].

(Dalal et. al., 2017) presented a bio-inspired text summarization approach based on semantic graph of input document for Hindi
text. The proposed approach uses PSO technique to select the summary sentences optimally resulting in reasonably good
performance [22].

(Onan et al, 2016) in his paper proposed ensemble method based on static classifier selection involving majority voting error and
forward search, as well as a multi-objective differential evolution algorithm. Based on the static classifier selection scheme, our
proposed ensemble method incorporates Bayesian logistic regression, naive Bayes, linear discriminant analysis, logistic regression,
and support vector machines as base learners. This paper analyses that multi-objective weighted voting ensemble classifier can
predict better than conventional ensemble learning methods such as AdaBoost, bagging, random subspace, and majority voting [8].

(Jagatheeshkumar et al, 2017) proposes in his article, a text clustering algorithm, which is a combination of k-means and Lion
Optimization Algorithm (KLOA). K-means is best clustering algorithm, and LOA is to select the initial cluster point and the clusters
are formed. This enhanced k-means algorithm reults in the formation of high-quality text clusters [11].

(Sanchez-Gomez et al, 2018) has proposed and designed a Multi-Objective Artificial Bee Colony (MOABC) algorithm for multi-
objective approaches. This algorithm is implemented on DUC datasets and has proven improvement with respect to the best and
robust results available in the scientific literature [12].

(MirShojaee et al, 2015) to deal with a large volume of documents for summarization, meta-heuristic techniques are the best
solution. This paper has applied Cuckoo Search Optimization Algorithm (CSOA) to improve performance of extractive-based
summarization method. The obtained results indicate better performance of proposed method compared with other similar
techniques. [23].

(Kyoomarsi et al, 2008) In this paper we first analyze some state of the art methods for text summarization. We discuss what the
main disadvantages of these methods are and then propose a new method using fuzzy logic. Comparisons of results show that our
method beats most methods which use machine learning as their core [25].

(Saini, Saha et al, 2019a) proposed an approach to build some extractive single document text summarization systems using multi-
objective optimization. Three techniques proposed are: (1) first is an integration of self-organizing map and multi-objective
differential evolution, (2) second is based on multi-objective grey wolf optimizer, and (3) third is based on multi-objective water
cycle algorithm. The sentences present in the document are first clustered utilizing the concept of multi-objective clustering. Two
objective functions measuring compactness and separation of the sentence clusters in two different ways are optimized
simultaneously using MOO framework. The proposed approach is able to automatically detect the number of sentence clusters
present in a document and then representative sentences are selected from different clusters using some sentence scoring features
to generate the summary [18].

(Al-Abdallah et al, 2017) proposed the use of Particle Swarm Optimization (PSO) algorithm for the extraction of summaries for
single Arabic documents [17].

Sriparna Saha(2019) in her paper has briefly described different types of summarization systems available like document
summarization, microblog summarization, multimodal summarization, figure-assisted summarization. It also contains comparison
with some recent and older techniques developed in terms of Rouge measures. The author also has mentioned few research goals
from text summarization, in the coming years [19].

(Asgari et al,2014) in his paper proposed a new method based on multi-agent particle swarm optimization for automatic text
summarization. It was tested with a set of DUC 2002 standard documents and the results were analyzed by ROUGE evaluation
software and were also compared with other methods [21].

(Dewi et al, 2019) this paper describes about optimizing the Relevance Vector Machine (RVM) algorithm in automatic text
summarization to find out what features are commonly used in the summarization process. Each feature value will be calculated as
a correlation with target. The composition of features is determined by obtained correlation value, when correlation value between
features and targets is grater, the feature will take precedence. This paper concludes that correlation coefficient can be used to
determine the order of extraction features [24].

(Saini et al, 2019b) paper proposed two approaches for sentence based extractive single document summarization to utilize a multi-
objective based differential evolution technique for optimization. Self-organizing map (SOM) based genetic operators are
incorporated in the optimization process to improve the convergence. Best performance depends on objective functions and the
correct choice of similarity/dissimilarity measure between sentences [26].
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(MirShojaee et al, 2017) this paper summarizes text through objective extraction of some parts of a text like word, sentence, and
paragraph. This paper describes a new metaheuristic method which is a biogeography - based optimization algorithm (BBO) for
extractive text summarization [27].

I11. TYPES OF SUMMARY AND OPTIMIZATION

Several papers for text summarization with optimization referred in this article have summarized either single document or multiple
documents, with extractive or abstractive summarization technique. Different Sl-based optimization approaches can be applied for
summarization.

Table-1 briefs about the types of optimization approaches produced by the surveyed literature for text summarization.

Table 3.1 Types of Optimization Approaches

Reference Types of summaries Optimization approach
Mosa, et al, 2019 Short text summaries Swarm intelligence techniques such as Ant Colony
Optimization
Abualigah et al, 2018 Document clustering Particle Swarm Optimization (PSO)
Hemeida et al, 2020 Data mining whale optimization algorithm (WOA), dragonfly

algorithm (DA), multiverse optimization (MVA), and
grey wolf optimization (GWO)

Abd Elfattah et al,2019 Document Binarization Salp swarm algorithm and the chaos theory
Onan et al, 2016 sentiment classification Multi-objective optimization
Jagatheeshkumar et al, | Textual Data Clustering Lion Optimization algorithm

2017

Sanchez-Gomez et al, | Extractive multi-document text | multi-objective artificial bee colony optimization
2018 summarization

Verma, Pradeepika et al, | text summarization metaheuristic optimization

2019

Rajkumar et al, 2016 Survey of text summarization with optimization

Al-Abdallah et al, 2017 Extractive Single document | Particle Swarm Optimization (PSO)
summarization

Saini et al, 2019 [a] Extractive Single document | multi-objective grey wolf optimizer
summarization

Sriparna Saha, 2019 Extractive text summarization Multi-objective optimization

Alguliyev et al, 2018 text summarization clustering and COSUM optimization

Asgari et al, 2014 extractive text summarization multi-agent particle swarm optimization

Vipul Dalal et al, 2017 automatic text summarization particle swarm optimization and semantic graph

Mirshojaei et al, 2015 extractive-based text summarization | Cuckoo Search Optimization Algorithm (CSOA)

Dewi et al, 2019 automatic text summarization Relevance Vector Machine Optimization

Kyoomarsi et al, 2008 Text summarization Fuzzy logic

Saini et al, 2019 [b] Extractive Single document- | Multi-objective binary differential evolution
summarization

MirShojaee et al, 2017 Text summarization Cuckoo Search Optimization

1V. EVALUATION CORPORA

Summarization algorithms have been applied on variety of corpora. Evaluation corpus which contains minimum 3000 document is
considered as proper to increase the strength of features. Most of the surveyed papers have used DUC (Document Understanding
Conference) dataset which is the de-facto standard datasets for NLP community. Some of the surveyed papers have used text
documents for evaluation or have prepared their own corpora.

Table-I1 briefs about the types of corpora used by the surveyed literature.
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Table 4.1 Types of corpus used by the surveyed literature

Reference Corpus Used

Mosa, et al, 2019 Authors’ corpus

Abualigah et al, 2018 Text clustering benchmark standard datasets are available at the Laboratory of
Computational Intelligence (LABIC)

Hemeida et al, 2020 Iris dataset and Breast Cancer dataset

Abd Elfattah et al, 2019 H-DIBCO 2016 dataset containing 10 different handwritten documents images

Onan et al, 2016 public sentiment analysis datasets from different domains, named camera, camp, doctor,
drug, laptop, lawyer, radio, TV, and music

Jagatheeshkumar et al, 2017 Textual documents

Sanchez-Gomez et al, 2018 DUC dataset

Verma, Pradeepika et al, 2019 DUC2006, DUC2007

Rajkumar et al, 2016 - NA-

Al-Abdallah et al, 2017 Essex Arabic Corpus (EASC)

Saini et al, 2019 [a] DUC2001, and DUC2002

Sriparna Saha, 2019 DUC2001, and DUC2002

Alguliyev et al, 2018 DUC2001, and DUC2002

Asgari et al, 2014 DUC 2002

Vipul Dalal et al, 2017 80 Hindi documents

Mirshojaei et al, 2015 Doc 2002 standard

Dewi et al, 2019 Sentences in text document

Kyoomarsi et al, 2008 Text documents

Saini et al, 2019 [b] DUC2001, and DUC2002

MirShojaee et al, 2017 DUC2002

V. EVALUATION METHODS

To evaluate the quality and the goodness of an extracted summary as well as to compare the results of various summarization
systems, appropriate assessment methods are required. There are many numbers of methods used for summary evaluation like
Pyramid method, ROUGE [79], etc.

This segment indicates the various evaluation strategies that have been used in this survey paper. Text quality can be measured
with two approaches namely, intrinsic and extrinsic. Intrinsic evaluation approach mainly focuses on coherence and informativeness
of summaries. Whereas, extrinsic evaluation approach measures the efficiency and acceptability of the generated summaries in
some task [29]. It is found that all the surveyed papers have used intrinsic evaluation approach, which is based on text quality, co-
selection or sentence extraction and contents.

V1. CONCLUSION

Many researchers have tried to propose different techniques to bring improvement in the summarization of the text documentation.
Text summary can be either of two types, extractive and abstractive. The extractive summary is well investigated and plenty of
researchers have proposed various summarization structures. The abstractive summary is a complicated challenge and also requires
an extractive summary to narrow an abstractive summary. For this reason, many researchers have used extractive approach.
Optimization improves quality of the generated summary. This combination has a vast scope for research.

The purpose of this study is to provide a starting point for new researchers by reviewing the categories of text summarization with
optimization algorithms. This study also examines the different approaches proposed by different researchers. This paper also has
mentioned the important points that need to be considered during the evaluation.

In the text summarization process, some basic steps are common almost across all the techniques. The recent papers have added
information about more refined version of this process such as, the part of speech tagging (POS tags) etc. Similarly, Swarm
intelligence optimization techniques such as PSO have used by most of the researchers. Different optimization techniques produce
different results, but their performance cannot be compared with each other, as each technique proves itself better in one or the
other way [1].

Novel approaches can be developed using the successful systems in this domain of research. The evaluation of the summarization
is still an interesting research area. Likewise, the various ways of representing the optimized summary can be found out.
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