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Finding a suitable book title is still quite difficult at the moment. We often
guess what book title we want, but in reality the book title is often not
available. This research aims to overcome these problems by producing an
accurate and efficient prediction model in predicting the next words in book
title search using a deep learning algorithm, namely Bidirectional Long Short
Term Memory (Bi-LSTM). The research stages consist of data collection, data
preprocessing, data modeling, evaluation, and implementation. This research
uses a dataset of Indonesian book titles obtained from the bukukita.com
online bookstore website with 5618 data. The results show that the resulting
deep learning model can predict the next words in the book title search with
an accuracy of 81.82%. The model is implemented in the form of a web
application using the Django framework, Python language, and MySQL
database.
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A. Introduction

The Book title search is one of the activities often carried out by readers and
academics in finding information in a book. By searching for book titles, a person
can find the right book for their needs and goals. However, searching for book titles
is not always easy. Book seekers are more likely to guess what book title they want,
but the desired book title is often not available. In addition, difficulties are also
experienced when determining what keywords are appropriate in searching for the
desired book title. Then the search results are also sometimes irrelevant to the
keywords inputted.

To overcome these problems, a next word prediction system for book title
search was developed that can help users find the desired book title more effectively
and efficiently. Next word prediction is a process of guessing the next word that
appears in a sentence or text. Prediction utilizes data from the past to estimate what
happens in the future pragmatically and systematically in the hope of providing
great objectivity [1]. The next word is predicted based on the previous word that
has been inputted. Thus, the developed system will be able to provide
recommendations or suggestions for suitable words to complement keywords or
text in searching for book titles.

The developed system utilizes the Deep Learning method with the
Bidirectional Long Short Term Memory (Bi-LSTM) algorithm. Deep Learning is a
branch of machine learning based on artificial neural networks and has multiple
processing layers to learn features in data [2][3]. Deep learning is capable of
learning complex tasks with high accuracy results such as natural language
processing, speech recognition, and image recognition [4].

Bidirectional Long Short Term Memory (Bi-LSTM) is one type of algorithm in
Recurrent Neural Network (RNN). Bi-LSTM can learn the context of text data in two
directions because the algorithm is composed of two LSTMs that can run in opposite
directions (forward and backward) in parallel. Then the results of the two LSTMs
are put together as a final output that can produce predictions of the next word more
accurately according to the context in the text data [5][6][7].

The system implementation was built in the form of a web-based application
using the Python programming language. The programming language was chosen
because it is ideal for development in artificial intelligence, machine learning, and
deep learning [8]. Python has advantages in ease of development for software,
hardware, and web applications because it has good code readability [9]. Then
related to the backend in making a book title search web using the Django
framework and MySQL database.

Django is a web framework that uses the Python development language.
Django has a fast, efficient, and practical development framework by offering
security, scalability, and versatility that can help in creating web applications easily
[10]. In addition, it can also help in representing an Object Relational Mapper (ORM)
which when changes occur in the database does not need to adjust the query again
[11]. MySQL is a database server program or database management system with
SQL (Structured Query Language) commands that can send and receive data quickly,
multithread, and multi-user [12][13].

In previous research, the prediction of the next word has been done with
several RNN methods, such as research conducted by Afika Rianti et al. [14] who
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used the LSTM algorithm in predicting the next word with Indonesian-language data
about tourist destinations in Indonesia. The model created has an accuracy of 75%
with 200 epochs. Further research was conducted by Radhika Sharma et al. [15]
with the Bi-LSTM model for predicting the next word using the Hindi language
obtained an accuracy of 79.54%. Research with English data has also been
conducted by S. Rajakumar et al. [16] and S. Ramya et al. [17] using the Bi-LSTM
algorithm as the next word prediction model by obtaining an accuracy of 81.07%
and 72% respectively.

Research conducted by Karma Wangchuk et al. [18] used the Dzongkha
syllable as its input data and the Bi-LSTM algorithm obtained an accuracy of 73.89%.
Research using other syllables was also conducted by K. Chakradhar et al. [19] using
Ambharic syllable data and the Bi-LSTM model can get an accuracy of 76.1%. Other
research with the Bi-LSTM algorithm for predicting the next word was conducted
by Milind Soam et al. [20] with an accuracy of 66.1%.

By looking at the results of previous research, this research will develop a next
word prediction system using the Bidirectional Long Short Term Memory (Bi-LSTM)
algorithm. The method has been widely used to predict the next word, but in this
study it is proposed to use Indonesian data in the form of book titles to obtain the
best accuracy. So that the model and system can be applied to facilitate book seekers
in searching for appropriate book titles.

B. Research Method

The research method used in this research consists of several stages, starting
from data collection, data preprocessing, data modeling, evaluation, and
implementation. The stages of the research method can be seen in Figure 1.

Data Collection

Y

Data Preprocessing

7

Data Modeling

7

Evaluation

Y

Implementation

Figure 1. Stages of the Research Method [21]

The explanation of the stages of the research method used is as follows:
A. Data Collection
Data collection is done by retrieving book title data on the bukukita.com online
bookstore website using scraping techniques. Scraping is done using the Go web
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scraping framework. The data obtained in this study amounted to 5618 data and
was stored in a dataset file in CSV format. Then the results of scraping data have
also been stored in the MySQL database on PHPMyAdmin to be integrated with
the application.

B. Data Preprocessing
The data preprocessing stage is done by cleaning and preparing the data before
itis used in the modeling stage. The process carried out at this stage consists of
case folding, removing punctuation, tokenizing, sequencing, and padding.

C. Data Modeling
Data modeling is done by implementing the Bidirectional Long Short Term
Memory (Bi-LSTM) algorithm in Deep Learning. Bi-LSTM consists of two LSTM
networks that have a function to process data sequences from the forward and
backward directions [22]. LSTM itself will learn the data that must be removed
and stored in each neuron [23]. The algorithm is a development of RNN by
overcoming problems about vanishing gradients [24]. Based on the two LSTM
networks owned by Bi-LSTM will produce one output as a result of combining
the two LSTM networks owned and will obtain past and future information
simultaneously [25]. The architecture of the Bi-LSTM algorithm can be seen in
Figure 2.
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Figure 2. Bidirectional LSTM Architecture [26]

The calculation formula of the Bi-LSTM architecture is presented in Formula 1.
Ve = W@ﬁ+WEE (D

Based on Formula 1, the notation y; can be interpreted as the output gate value
of Bi-LSTM. The notation Wy is defined as the weight value of the output gate

LSTM forward layer and the notation Wy is defined as the weight value of the

output gate LSTM backward layer. Then for the notation Rt is interpreted as the

output value of the LSTM forward layer and the notation htis interpreted as the
output value of the LSTM backward layer [27].
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Evaluation is used to measure how well the model has been made. This
evaluation is done to determine the performance of the model in predicting the
next word. The measurement method used in this evaluation uses the accuracy
matrix in the confusion matrix method. The Confusion matrix is a measurement
of machine learning model performance by comparing actual values and
predicted values [28]. The Confusion matrix can be seen in Figure 3.
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Figure 3. Confusion Matrix [29]

The accuracy formula of the confusion matrix can be seen in Formula 2.

(TP+TN)
(TP+TN+FP+FN)

Accuracy = x100% (2)

The Accuracy formula can also be defined as in Formula 3.

Total correct predictions
— x100% (3)
Total predictions

Accuracy =

E. Implementation
Implementation is the final step in the development of this research.
Implementation is intended so that the model that has been made can be
implemented on the system and can be used by users to facilitate the search for
book titles. The implementation is in the form of a book title search website built
using the Python language and the Django framework. Then implement the
MySQL database as a book data storage.

C. Result and Discussion

The data in the research conducted was taken from the bukukita.com online
bookstore website using the scraping technique. The data has never been used for
testing in previous studies. The data taken is only in the form of book titles available
on the website which are stored in CSV format files and also stored in the MySQL
database. Based on the scraping results, 10438 data were obtained and then data
cleaning was carried out on the CSV dataset in the form of data duplication and only
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selecting Indonesian language book title data. After the process, 5618 data on
Indonesian book titles were obtained. Then the data that has been obtained is
processed by converting it into data frame form to facilitate the data preprocessing
stage.

Data that has been stored in the form of a data frame, then data preprocessing
is carried out so that the data can be processed by the model algorithm. The data
preprocessing process starts with data cleaning in the form of converting data into
lowercase letters and removing all punctuation marks and symbols. The process is
carried out so that the model to be created obtains good performance results. Then
the cleaned data is tokenized to separate each word (token) in the sentence in the
data. Words or tokens that have been separated from the sentence are sequenced to
be given an n-gram sequence according to the words that appear together in the
sentence. N-gram will calculate the frequency of occurrence of the sequence of
words that appear in the dataset, then will estimate the probability [30].
Furthermore, words that have been given a sequence are padded so that each
sentence or sequence has the same data length. The data resulting from the padding
process is numerical so that computation can be done at the data modeling stage
and will be used as data features.

The data modeling stage is carried out using the Bidirectional Long Short Term
Memory (Bi-LSTM) algorithm. Data modeling with the Bi-LSTM algorithm has
conducted several tests to find the best model parameters as in Table 1.

Table 1. Model Parameter Testing

No Layer Epoch Loss Accuracy
1 Bi-LSTM:512 51 63.92% 80.29%

2 Bi-LSTM: 256 48 69.72% 79.80%

3  Bi-LSTM:256 75 60.57% 80.68%

4  Bi-LSTM: 256 200 50.37% 81.38%

5 Bi-LSTM:512 200 45.47% 81.72%

6  Bi-LSTM: 1000 200 45.36% 81.82%

Based on the test results in Table 1, the best model parameters are obtained
by using a Bidirectional layer with 1000 inputs and an Epoch of 200. So that the layer
structure in the model consists of an embedding layer which is useful for embedding
word vectors with input 16 as the maximum length of the word sequence used as
input and vector 10 as the dimension of the vector space in representing words.
Then the Bidirectional layer with an input layer of 2000 is the result of the two-way
readability of the algorithm based on 1000 inputs. Furthermore, the Dense layer
with input in the form of a total of 6887 words that use softmax activation. The layer
structure in the model that has been created can be seen in Figure 4.
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Model: "sequential_1"

Layer (type) Output Shape Param #
Cembedding 1 (Erbedding)  (None, 16, 1) ess7e
bidirectional_1 (Bidirectio (None, 2@@©) 8088000
nal)

dense_1 (Dense) (None, 6887) 13780887

Total params: 21,937,757
Trainable params: 21,837,757
Non-trainable params: ©

Figure 4. Model Layer Structure

Training on the model that has been made applies loss in the form of
categorical crossentropy with adam optimizer and accuracy metrics. The results of
the model training obtained a loss value of 0.4536 or 45.36% and an accuracy value
0f 0.8182 or 81.82%. The graph of the accuracy results of the model training process
can be seen in Figure 5.

Figure 5. Training Accuracy Result Chart

Then the graph of the loss results from the model training process can be seen
in Figure 6.

Figure 6. Training Loss Result Chart

After knowing the results of the training evaluation, testing is then carried out
by predicting the inputted words. Testing is done by inputting a word and predicting
the next few words. The test results can be seen in Figure 7.
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1/1 [==============================] - B@s 21ms/step
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Figure 7. Testing Results

The model that has been trained is then implemented in the application. This
implementation is intended so that the next word prediction system for book title
search can be enjoyed or used by users in finding the appropriate book title easily.
The implementation is in the form of a book title search website that has been
integrated with the book collection database obtained from the bukukita.com
website. The book title search website was built using the Django framework,
Python language, and MySQL database. Then on the website page use HTML and CSS.
Figure 8, is the appearance of the book title search website that has been created.

#CariBuku Tidak Sesulit Melupakan Masa Lalu,
Cari Judul Buku Anda Dengan/Mudah

1
MANAJEMEN DAN
KERJA SAMA TIM

T,
Bubu Pintr Marae

Figure 8. Book Title Search Web View
The database that has been created is used to store book data and display book
search results from the next word prediction model in web applications. The

database consists of one table with the structure as in Table 2.

Table 2. Book Table Structure

# Name Data Type Data Length
1  book_id (pk) Integer 11

2 book_cover Varchar 500

3  book_title Varchar 255

4  stock Varchar 20

D. Conclusion

Based on the research that has been done, the next word prediction system for
book title search has been successfully built using the Bidirectional Long Short Term
Memory (Bi-LSTM) algorithm and obtained good accuracy results. This is proven by
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the results of the model evaluation which obtained an accuracy matrix of 81.82%.
The model has been able to predict the next word for a book title search correctly.
In addition, the model that has been made has better results than previous studies
using Indonesian-language data. However, the model that has been made still has
shortcomings in the form of some predictions that have not been appropriate due to
the lack of diverse data obtained. Thus, further research is highly expected for better
development.
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