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Foreword

The International Conference on Data Intelligence and Cognitive Informatics
(ICDICT 2020) was held in Tirunelveli, India, during July 8-9, 2020, at SCAD
College of Engineering and Technology. The proceedings of ICDICI 2020 con-
ference is presented here with the aim to share and exchange the state-of-the-art
research ideas about the different aspects of data and informatics research with a
special attention to the encountered practical challenges and the potential solutions
adopted to overcome it.

We strongly believe that the research articles of ICIDICI 2020 will give you a
technically rewarding experience by providing more research information on the
current issues of informatics and general data science interest. IDICI received 247
papers across the country and also from overseas by representing government,
industries, and academia out of which 74 papers are duly selected for publication.

ICDICT 2020 promises to be more informative and research simulating with a
magnificent array of keynote speakers across the globe. The program consists of
invited sessions, presentations, and technical discussion with the most eminent and
proficient speaker Dr. Joy Chen, Professor, Department of Electrical Engineering,
Dayeh University, Taiwan, and session chairs by covering a wide range of topics in
data intelligence. Also the conference delegates had a wide range of sessions in
different domains of data science, informatics, and cognitive intelligence.

We humbly wish to thank the guest editors Dr. 1. Jeena Jacob, Dr. Selvanayaki
Kolandapalayam Shanmugam, Prof. Selwyn Piramuthu, and Dr. Przemyslaw
Falkowski-Gilski, organization staff, technical program committee, and reviewers
of the conference for their valuable suggestions and timely response to the authors of

vii



viii Foreword

ICDICI 2020. We also extend our gratitude to the authors and conference partici-
pants for contributing their novel research results to the conference. Special thanks to
Springer publications.

Dr. P. Ebby Darney
Conference Chair

Principal

SCAD College of Engineering
and Technology

Tirunelveli, India



Preface

With a deep satisfaction, I write this Preface to welcome you all to the International
Conference on Data Intelligence and Cognitive Informatics (ICDICI 2020) held in
Tirunelveli, India, during July 8-9, 2020.

The theme of ICDICI 2020 is Data Intelligence, a research topic that is gaining
quick research traction in both industries and academia due to its research relevance
to the emerging societal and economic issues in the areas like health care, trans-
portation, industries, education, and so on. The well-established research track
records on intelligent information systems along with the integration of artificial
intelligence techniques and processes make ICDICI an excellent venue for
exploring the cognitive foundations in the emerging information systems.

With respect to the potential hardwork of the ICDICI 2020 conference com-
mittee, I would like to express my appreciation and gratitude to all the technical
program committee members, international and national advisory board members,
and review committee members, who have made this conference a successful and
possible one.

Finally, I would like to extend my warm thanks to all the keynote speakers,
session chairs, and fellow researchers, who have willingly shared their research
experience and knowledge to all the readers of this extended conference
proceedings.

I hope that this proceedings of ICDICI 2020 will further stimulate research in
data mining and intelligent systems and provide practitioners with advanced
algorithms, techniques, and tools for deployment. I feel honored and privileged to
serve the significant recent developments in the field of intelligent systems and data
intelligence to you through this exciting program.

Bengaluru, India Dr. 1. Jeena Jacob
ICDICI-2020
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Chapter 1 )
Text Generation and Enhanced St
Evaluation of Metric for Machine

Translation

Sujit S. Amin and Lata Ragha

1 Introduction

Recurrent neural networks (RNNs) have the capability to learn from the given text and
generate new text or translate the given text. They are powerful since they have a lot
of hidden states with nonlinear dynamics that permit them to process them previous
information. Further, gradients of RNN are cheap to compute. Even with all these
features, RNNs are difficult to train properly. The cause is the “vanishing gradient
problem” [1]. Vanishing gradients problem occurs when neural networks have many
layers in neural network gradients of loss functions approach to zero, making it
hard to train. Because of this, there have been limited successful applications using
RNNs [2].

Gated recurrent units help to fine-tune neural networks input weights to resolve
vanishing gradient problem. Gated recurrent unit (GRU) is a variant of long short-
term memory (LSTM) because both have a similar design; GRUs are an improved
version of the recurrent neural network [3]. Gated recurrent unit is known to have
good text generation in many languages [4].

Our model uses GRU architecture. Our model uses a sequence memorizer [5],
which is a hierarchical nonparametric Bayesian method. The memorizer brings
dependencies between its predictions by making similar predictions at related
contexts.

S.S. Amin (X)) - L. Ragha
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The problem is identified that the text generated by RNN might not be grammat-
ically correct, GRU, although learns patterns after training for a large number of
times. At times, it does make grammatical mistakes. To combat that problem, the
grammatical correction model is used using natural language processing (NLP) at
the end of text generation. Grammar model uses language modelling, word tagging
to check grammar for generated text sentence by sentence. To achieve this, natural
language toolkit (NLTK) is used. From framework, it uses part-of-speech tagging,
noun phrase extraction, spelling corrections, tokenization and sentiment analysis to
achieve grammar auto-corrections.

Text generated after grammar corrections was a significantly high level of
linguistic structure and has a considerable amount of grammatical structure in it.

Next component is machine translation (MT), and MT is a field that uses machines
to translate text from language to language. During translation, the meaning of the
text must be similar in the goal language. The translation is not a replacement of
word for the word problem.

In [6], the authors talk about the neural machine translation (NMT) system, which
is applied in English to German. Authors have achieved a state-of-the-art model for
NMT. In [7], the authors achieved multiple translations of the same paragraphs.
Authors have achieved high-quality translations. Translation system uses LSTM
networks.

In MT, the sentence-level score is calculated by the BLEU metric. The bilingual
evaluation understudy (BLEU) metric is a metric developed by IBM, and it is a
way to measure translation quality [8]. Closer the translation to an expert human
translation, the superior it is [8]. But BLEU metrics have drawbacks when evaluating
Indian languages. So, this drawback aimed to remove using modified BLEU metric
for translation. Modified BLEU uses synonym replacing algorithm and after that
shallow parsing algorithm was used to get better results (Fig. 1).

This way, two goals are accomplished: one is grammatically correct generated
English text from text generator and improved BLEU score for translation.

Output
T ' I
RNN RNN RNN
e | ® || sy | St
[ A 'y
Input

Fig.1 RNN is a very deep feed-forward network which uses nonlinear activation function



1 Text Generation and Enhanced Evaluation of Metric ... 3

2 System Overview

The system’s goal is to generate English text from a given input and then translate text
to Hindi with high translation score (BLEU score). As shown in Fig. 2, the system
first takes the input and then generates text in utf-8 format. UTF-8 format is chosen
because it is difficult to convert text into Hindi with another encoding format. Input
can be a word, sentence or paragraph. Automatic text generation module contains a
recurrent neural network (RNN) for creating text from the input text. Since automatic
text generation module output can be grammatically incorrect. So, the grammar
correction module contains NLTK is used for correcting the grammar text sentence
by sentence. Now, got our first output English text. This output is given to the English
to Hindi translation module. English to Hindi translation module contains RNN for
translation. Now a BLEU score is got which measures the translation accuracy. The
BLEU score has known to be less for English to Hindi translation since Hindi is a
morphologically rich language [9]. So, the modified BLEU score module is used,
which uses synonym replacement and shallow parsing to overcome this issue.

Manual Input Text

can we word sentence o paragraph

[ o A
Comected Text |/ ¢ pulLl
Correction »!

Module Text in
1 English

generated text in unicode format |

Text
Generation Module

Corrected Text

Qutput 2 :
Translated
Text from
English to
Hindi and
BLEU
score

English To Hindi | Translated Text
T Module

BLEU Score

Modified BLEU | M-BLEU Score MBLEU |
module I Score ]
| \, displayed |

Fig. 2 Flow chart for the overall working of text generation and translation system
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3 Neural Networks

3.1 Recurrent Neural Networks

A recurrent neural network is a feed-forward neural network that allows to model
sequential data [4]. At each time step, RNN loads an input, revises its hidden state
and makes a prediction (Fig. 1). The RNN has a high-dimensional network and has
nonlinear activation function over many time steps that enable them to have accurate
predictions.

Activation functions are computational equations, which dictate a neural
network’s output. The function is linked to each neuron in the network and decides
if it should be triggered (“fired”) or not, based on whether the input of each neuron is
essential to the evaluation of the model. Activation functions also help to normalize
each neuron’s output to a range of around 1 and 0 or —1 to 1.

The standard RNN is written as follows: given a series of input vectors (xy, ..., x7),
the RNN calculates the hidden state sequence (4, ..., A7) and the output sequence
(o1, ..., or) by iterating the following equations for r = 1 to T [4].

h; = tanh(Wyx; + Wiphi—1 + bp) (D

o; = Worh, + b, @)

In the above equations, W, is input, hidden node to hidden node weight matrix
is Wy, hidden node to the output node weight matrix is W,;, and the vectors b, and
by, are bias [4]. The undefined expression Wy, h,_; at time t = 1 is changed with a
bias vector hinit and tanh is applied coordinate-wise.

The gradients of RNN are computationally easy to calculate, so maybe concluded
that RNNs are simple to train with gradient descent [10]. In reality, relationship
and dynamics are unstable. Moreover, gradient decays exponentially through time.
Moreover, the backpropagated gradient’s occasional tendency improves the gradient
descent and makes it very unstable. To deal with this problem is to change the standard
RNN structure so that it can store information over a long time period. This is known
as “long short-term memory” (LSTM) [11]. It outperformed the standard RNN. But
LSTM is computational and memory intensive. LSTM is also less efficient. A better
approach is gated recurrent unit (GRU) [3]. GRU is a simpler version that uses two
gates, easier to modify and does not need memory units. Moreover, GRU is quicker
to train than LSTM. LSTM is good for a machine translation system.
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3.2 Gated Recurrent Unit

GRU is a recently proposed method in [3] which allows acquiring dependencies of
various timescales. LSTM is similar to GRU. GRU has several gating units that allow
the flow between data. GRU is good as a generative model. GRU performs better
than LSTM [3].

4 Various Models of RNN

4.1 RNN as Generative Model

The goal of text generative model is predicting the upcoming word in the sequence.
GRU is used for the generative model since it is computational efficient and uses
less memory. GRU has two gates. GRU does not have internal memory. Also, the
nonlinearity model did not apply and clearly, much better than LSTM. Standard RNN
uses replace activation with a new value calculated from current input and hidden
state [3]. GRU keeps the available content and adds unique content on top of it. This
enables conditional distribution in a produced string to get the next character and
provide the next input to RNN. Thus, the model is directed non-Markov model; it
resembles the sequence memorizers [4].

4.2 Natural Language Processing for Grammar Correction

The goal of grammar correction is to understand if the grammatical error is present
and auto-corrects the sentence [12]. This uses NLP to accomplish the objective.
This is used since generated text may not be grammatically correct. NLP tool uses
tokenization to convert a sentence into tokens. Then language is detected. Once
tokenization and language check are done, spelling check is done. This is done
to avoid spelling errors. Finally, the model checks for any semantics error in every
sentence and checks for what sentence contains (numbers, alphabet and punctuation).
After checking if incorrect text (numbers, alphabet, punctuation) is present, then it
is replaced with the correct word or remove text.

4.3 RNN as Translation Model

Translation can be done using neural machine translation (NMT) [7]. NMT has
produced a state-of-the-art outcome for English to French, English to German and
English to Czech [7]. The goal of NMT is to model directly source sentence (English),
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to a target sentence (Hindi). It accomplishes by encoder—decoder framework [7]. For
each source sentence, the encoder calculates a depiction [13]. The decoder produces
an output, one word at a time, based on that depiction of the source (see Fig. 3). By
taking a weighted mean of hidden states, the context vector is determined. Figure 4
describes the attention mechanism used in our translation system. Translation model
uses LSTM networks.

3
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Fig. 3 Neural machine translation—here is an example of RNN for translating English (“I am a

student”) to (<7 @ﬁg’) Hindi [7]
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Fig. 4 Attention mechanism—mechanism has two steps: firstly, context vector is calculated by
using hidden state; secondly, context vector is used to calculate next hidden state [2]
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5 Translation Assessment

Translation assessment answers the accuracy of the translation. Initially, MT assess-
ment was done by humans. It used to be subject from person to person and time-
consuming. Assessment varies from one evaluator to another. Hence, the need for
automatic translation system is developed. BLEU is the most popular technique
developed for the automatic translation system. Human assessment cannot be used
every time due to several reasons. On a broader perspective, it has ahuman assessment
and automatic assessment.

5.1 Human Assessment

For human assessment, a speaker of the translated language (e.g. Hindi) and source
language (e.g. English) [14] is needed. Human evaluator’s translation quality is influ-
enced by various factors such as fluency and adequacy while assessing translation.
Moreover, the process can take weeks to months to complete. Monitoring cost also
adds up to the total cost. Due to the above variables, there is a need for an automatic
assessment scheme

5.2 Automatic Assessment

If the assessment of text is done by machines, then it is automatic machine translation
assessment. There are two levels of evaluation. First is sentenced level, and an algo-
rithm is run here on a bunch of sentences then compared against human judgement.
Secondly, having a corpus level, the score is calculated by assembling the score of
both human and metric judgements. Finally, the aggregate score is calculated. The
benefit of automatic machine assessment is that it is much faster.

6 Measuring of Automatic Assessment

The metrics for the MT system are the accuracy of the translated output. However,
the quality is subjective. So, metric responsibility is to get the score for translated
output text. The score should match with human judgement. Therefore, the metric
should give a high score for translations where human will give a high score and low
score to translations where humans will give low scores. The BLEU metric has been
used for our system.
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6.1 BLEU Metric

The bilingual evaluation understudy (BLEU) metric is a metric developed by IBM
[8]. The concept of BLEU is nearer a translation output to a translation done by
a human, superior the output. Scores are computed for unique segments that are
translated. This is usually done by phrasing and comparing translated segments with
a set of reference translations of good quality. Those scores are then weighted around
the entire corpus to get an estimation of the perceived quality of the translation. No
account is taken of the fluency or grammatical correctness. The output of BLEU
is always a number between 0 and 1. N-gram comparison is used for checking the
translation accuracy.

N-gram concept is used in the BLEU metric [8]. The difference is a check between
both translations. The score is calculated by the formula:

N
BLEU = BP exp[z { (%) s log(Pn)}i| (3)

n=I

Here N is max n-gram size. n varies from 1 to N [8].

7 Issues with BLEU

BLEU is the most popular method for evaluation of the translated text. But while
evaluating English to Indian dialects, it has many disadvantages. [9]. The signifi-
cant BLEU disadvantages in automatic English-Indian language evaluation are only
discussed.

e Poor correlation with judgements of humans.

e The same term in two different forms is considered to be distinct.

e BLEU considers similar meaning words or about the same meaning words as
different words.

e The better score does not indicate better translation.

e Many references are required for evaluation purpose.

8 M-BLEU Module

As shown in Fig. 5, the grammatically correct generated text is fed to the machine
translation engine. MT engine is two layers deep RNN network for translation. From
that, English to Hindi is translated. In the root word extraction part, morphological
analysis is done, i.e. is to split the sentence in morphemes. The lexicon contains
the stock of words. Lexicon is like a dictionary. Synonyms are grouped. To make
correct sentences after synonym replacement process, shallow parsing is used. Then
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Fig. 5 Modified BLEU module overall working

reference sentences are checked and generated sentences for BLEU score. Shallow
parsing and synonym replacement are done several times for every sentence. Until
the best BLEU score is reached. Finally, M-BLEU score is calculated. For the entire
text, M-BLEU score is calculated by taking the mean of M-BLEU score.

9 Experiments

The goal of our experiments is to demonstrate first that grammatically correct text
can be generated from RNN when the gated recurrent unit is used. Second, generated
text can be converted to Hindi text with better BLEU score by removing drawbacks.

9.1 Text Generation and Grammar Correction of Generated
Text

Aim of this part is to generate text using RNN using the gated recurrent unit. This is
demonstrated by comparing LSTM and GRU on English language data sets. Owing
to nonparametric nature, LSTM used a large amount of memory while training. GRU,
on the other hand, used considerably less memory. The GRU and LSTM are trained
on the same size of the data set. Finally, the grammar correction part is applied which
gave good correction output text on both LSTM and GRU.

Data sets

The data set is now described. The data set contains text with 80 different types of utf-
8 characters which include punctuations, digits and special characters. English text
here used is American English. The books have been excluded from other English,
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such as Indian English and British English. Data set is made from a collection of
books. Ten books are used to make data set. Books were of pdf format. It was
converted to plain text. Every book was cleaned by removing any page number,
unnecessary line breaks and headers. Any XML and markup were removed to clean
the data set. Greek letters, Latin letters and formula were removed since its output
is the English text. Punctuations were retained without punctuations output looks
obscure. The book’s text is randomly permuted. Data set was about 140 MB.

Details

To process the training set (Eq. 2), the entire data set is needed to process, which is
infeasible because of the size of the data set system ran out of memory while training.
Training the LSTM or GRU can also be done on shorter sequences of character which
is just as effective provided they are hundred characters or longer. Advantage of using
relatively short sequence is that it is easy to parallelize. Three parallel high-end GPUs
and 6 GB of RAM each are used.

Firstly, our model reads the text file and then splits the content character by char-
acter. Then characters are sorted. Count of unique characters is also taken. Mapping
is done from a unique character to indices. Another index to character mapping is
done. Both are used while training. Sequence length is kept to optimal value so that
text generated is effective. Data set is taken in slices and run parallel on different
GPUs. By looking at the present character, the model predicts the next character. The
batch size was 64. The model has 1200 hidden nodes. Small buffer is maintained so
that shuffling can be done. It does not shuffle the entire sequence in memory. Model
is sequential.

The model has been implemented under the Python programming language. Keras
and TensorFlow Library have been used. Keras is the API for neural networks.
TensorFlow is a digital computing library. It is devoted to the study of machine
learning.

Grammar correction uses natural language toolkit (NLTK). Grammar correction
is used since the text generated from the GRU and LSTM recurrent model might not
be grammatically correct to sound. Grammar correction uses NLP tools. First, tokens
are generated from generated text. Tokens are generated from word to word format. A
character-level token does not fit for grammar correction. Then language is detected
using spaCy. spaCy is a framework used for NLP. spaCy makes it simple to detect
languages. Next, NLTK is used for spelling checks. Spelling checks remove any
spelling errors in the text. Next part, check for semantic error; this is done sentence
by sentence. Semantic is checked sentence by sentence. Semantic information of text
is checked for, i.e. what the text contains (numbers, alphabet, punctuation). After
understanding the semantics, if the incorrect word (numbers, alphabet, punctuation)
is present, then replaced with the correct word or remove a word.

To validate our approach of generated text, two cases are there by our proposed
method.

e [STM applied to the text: standard LSTM architecture is used on the text.
e GRU applied to the text: as originality of the paper, GRU is used with grammar
correction.
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Experiment condition is same three parallel high-end GPU, 6 GB of RAM each. A
utf-8 encoding has been used. The model took 2 weeks to train properly. The multino-
mial distribution is used to predict word returned by model. As training progresses,
training loss was reduced. Every 100 epochs are gathered in the checkpoint file.
Checkpoint file is maintained so that it does not lose model if, for some reason, the
machine stops processing. The best set weights are used (least loss) to our generative
model.

9.2 Text Translation and Modified BLEU Score
Jor Translation Accuracy

Aim of this module is to translate text from the output of text generation module
to Hindi language and generate better BLEU score. The NMT has been used for
machine translation. Basically, RNN has been used for the translation since RNN
has shown to be very useful in text translation [6].

9.3 Training Details

The data set is now described. Data set is a collection of sentence pairs in English and
Hindi which is also made by a collection of books contained both Hindi and English
versions. Then the text was carefully placed in pairs. UTF-8 encoding was used. The
data set contains about 3 million sentence pairs. Vocabulary is made limited to 50
thousand frequent words. Other words are represented as <unk>. 20% of the data
was for validation and test set.

Two layers of LSTM are used with 1000-dimensional embedding. Other methods
were applied like attention mechanism and source reversing [15]. The model was
trained on the GPU. BLEU score is generated for checking accuracy for translation.

The original BLEU scores were low. As Hindi is a morphologically rich language,
so, the modified BLEU (M-BLEU) score is created. M-BLEU module contains
shallow parsing and synonym replacement on a different set of sentences. This
resulted in better BLEU score as compared to old BLEU score. Synonym data is
created from available Hindi data set of synonym. Synonym replacement contains
synonyms for every Hindi word, and synonyms of every word are replaced.

At the same time, wrong semantics might be encountered for every sentence
where synonym is replaced, and shallow parsing is used. Shallow parsing is basically
checked for semantics after replacement if it is correct or not. If incorrect, the sentence
is reframed. Once reframing is done, M-BLEU score is checked for.

This works because synonym is considered a different word while calculating
BLEU; whereas, while calculating modified BLEU, synonyms are replaced by several



