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Sebagai sebuah institusi pendidikan, akan banyak orang yang mencari informasi
tentang Universitas Internasional Batam (UIB), baik itu mahasiswa, alumni, calon
mahasiswa, rekan kerja, maupun masyarakat luas. Saat ini layanan informasi di
UIB masih dilakukan secara manual oleh manusia atau melalui website. Pengguna
perlu melakukan beberapa langkah dengan menggunakan fitur pencarian berbasis
teks. Penelitian ini dilakukan untuk membangun sistem chatbot berbasis web
dengan menerapkan pendekatan NLP dan dilengkapi dengan algoritma KMP.
Penelitian ini menggunakan teknik web scraping untuk mengumpulkan dan
mengekstrak data yang dibutuhkan dari situs resmi UIB sebelum diolah
menggunakan pendekatan Natural Language Processing dan algoritma knuth-
morris-pratt. Chatbot dibangun menggunakan bahasa pemrograman Python
dengan harapan dapat menjawab pertanyaan dengan benar secara real-time dan
memudahkan pengguna untuk mendapatkan informasi tanpa harus kuliah. Dataset
pelatihan  chatbot terdiri dari 193 pertanyaan dan pernyataan yang
dikelompokkan ke dalam 18 tag. Sedangkan teknik Black Box Testing
diimplementasikan untuk pengujian chatbot menggunakan 100 soal. Chatbot
berbasis web ini berhasil dibangun dengan tingkat akurasi 86% dalam menjawab
pertanyaan pengguna.

ABSTRACT

As an educational institution, many people will seek information about Batam International University (UIB),
including students, alumni, prospective students, colleagues, and the wider community. Currently, information
services at UIB are still done manually by humans or through websites where users need to take several steps using
the text-based search feature. This research was conducted to build a web-based chatbot system by applying the NLP
approach and using the KMP algorithm. This study uses a Web Scraping technique to collect and extract the required
data from the official UIB website before processing it using the Natural Language Processing approach and the
Knuth-Morris-Pratt algorithm. The chatbot was built using the Python programming language to correctly answer
questions in real-time and make it easier for users to get information without having to go to lectures. The chatbot
training dataset consists of 193 successful questions and statements in 18 tags. The Black Box Testing technique is
implemented for testing chatbots using 100 questions. This web-based chatbot has been successfully built with an
86% accuracy in answering user questions.

1. NTRODUCTION

Today, technology plays an important role in society, especially in providing all forms of
information (Dahiya, 2017; Danniels et al.,, 2020; Wahyuni et al., 2020). Most of the time, people have to
visit colleges or its website to gain information about it (Eze et al., 2018; Mpungose, 2021; Tovar Viera et al,,
2020). Visiting college is somehow tedious, it requires manpower and time just to provide the needed
information. Visiting a website to search information through it is better than visiting college itself, but it is
still less efficient because the user has to do the text-based searching (Manuhutu & Wattimena, 2019;
Rasmila, 2018). The user still has to manually search for the required information, because one website
page might be containing a lot of information (Wilujeng et al., 2020). One of the techniques that have been
widely used to support the provision of information is artificial intelligence (AI) techniques (Kakani et al,
2020).

Al is widely developed to support and improve the quality of decision making and problem solving
in various industries (Bertram et al,, 2021; M. Sharma et al., 2021). Development is carried out through the
exploitation of various types of machine intelligence, including natural language comprehension and
machine learning (Androutsopoulou et al., 2019). In this rapidly evolving connected world, not only human
beings can interact online. Most of the tech things have a bot to interact with people (Anghelescu &
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Nicolaescu, 2019). A technology that is designed to mimic the human conversation called Chatbot is one of
the choices (Pi & Majid, 2020). Chatbot is a program designed to promote interactive conversation or
communication to users through text, sound, visual media such as images and videos. Chatbots with
artificial intelligence are able to make it easier for users to obtain information quickly and precisely (Wijaya
etal,, 2020).

Commonly, chatbots are developed using the natural language processing (NLP) approach which is
part of the branch of Al (Cheng et al., 2022; Prianto & Harani, 2021). Veronika, Botika, and AiChat Indonesia
are some of popular chatbots that have been developed using NLP and rule-based methods (Chandra &
Suyanto, 2019). In order to improve the quality of a chatbot, an effective and efficient search technique is
needed. Knuth-Morris-Pratt algorithm is one of the appropriate search techniques. The KMP algorithm
works by matching the pattern per character from left to right one by one until one of the conditions is met.
That's why the KMP algorithm is very compatible with all types of string searches. Search techniques with
KMP have been used in many applications because they can minimize computing time, especially in big data
(Ependi & Oktaviani, 2017; Kalnoor & Agarkhed, 2018). Through the Black Box testing technique, the study
also concluded that in designing the abstract keyword search program of the student's final project, the
search process with the KMP algorithm shows results that are 100% the same as the keywords entered.

Web scraping is used to scrape information from the website. Scraping technique is the process of
retrieving a semi-structured document, then extracting it to get certain data from the page. By scraping, the
data retrieved is more focused and easier to get (Arisandi et al., 2021; Hajikhani et al.,, 2022; Muehlethaler
& Albert, 2021). There are some earlier studies about the implementation of chatbot with NLP. One of them
is the application of Covid-19 chatbot with NLP approach by (Prianto & Harani, 2021; A. K. Sharma et al,,
2021). There are also many earlier studies that implemented chatbot as college information management.
UNIBOT is one of the examples, a web-based human-like interactive university chatbot (Grandi et al., 2011;
Patel et al,, 2019). This research is done with the aim of making it easier for users to get information about
college quickly and easily. Hence, an automation system such as chatbot is developed. With the
implementation of NLP approach to process colloquial language, and Knuth-Morris-Pratt algorithm to
perform the pattern matching, to determine the most appropriate answer to the questions.

2. METHOD

This research is done to build a web-based chatbot system by implementing the NLP approach and
complemented by KMP algorithm. Firstly, data collection is required to gather data to generate questions
pattern and answers template. Web scraping technique is used to scrape data from UIB website with J[SON
file outcome. The JSON file is used to train the chatbot. The generated chatbot models from the training
process is called every time the chatbot is operated and interacted. Then the knowledge of chatbot is
compared to user’s question with KMP. Before being compared, user’s question is processed with NLP
using NLTK for chatbot to be able to understand the query. Finally, the Flask framework is used to return
the answers back to users. Hence, the first step is to develop Web Scraping system with Scrapy, then the
chatbot training to generate the chatbot models, last is to develop the implementation of NLP, KMP, and
Flask framework. All these steps are followed by testing the accuracy of the chatbot presented in Figure 1.

........................

Natural Language
Processing
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Pattern Matching
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Y
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Chatbot

<

Figure 1. System General Overview

The explanations of the chatbot flow according to the general overview are presented as follows.
First, users should visit the URL of the web-based chatbot to be able to start the chat without any account
required. Second, Users could send messages and the built chatbot is responsible for getting the message
to be processed. This step is done with the application of Flask App Routing. Third, The backend of the
chatbot, which is written in Python, will tokenize and lemmatize the message using the Natural Language
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Toolkit (NLTK) which is a toolkit in the form of go-to API for working with NLP in Python. The
tokenization is used to remove white spaces, commas, and any other symbols in order to split the message
into tokens (terms). It is an important step for extracting words and lemmas. While lemmatization is
another NLP technique which function is to reduce any inflectional forms or derivational forms of a word
into its basic form (Khader et al., 2018).

The pattern matching will be run using the KMP algorithm based on the knowledge pattern that
has been created. The pattern is grouped into several tags. The extracted words and lemmas from user
messages are going to be run in a loop to do a comparison with the pattern. Every word that matches the
pattern will be stored as 1 in a matrix of N words with N is the number of words in the pattern. The
trained model is used in this step to predict the answer by sorting out the strength of probability. The
answer will be chosen randomly from the response template in a tag with the highest probability and the
error threshold does not exceed 0.25. The appropriate answer chosen will be sent back to the user. Data
availability and knowledge of end-user needs will help to ease the system design and development. This
stage is conducted to collect all data as needed by web scraping technique. A free open-source web
scraping framework named Scrapy is utilized in this research for extracting the data needed from UIB
website. As seen in (Jabeen, 2019), a simple overview of how Scrapy works as a Python framework is
illustrated in Figure 2. The data crawled from the web will be parsed and extracted into a JavaScript
Object Notation (JSON) format with the structure.

{'intents": [
{'tag': 'greeting’,
'patterns': ['Hallo!, 'Hi, how are you?'],
'responses': ['Hello!", 'Hi there, how can [ help?']
}
I

®

Request

Web Scrap
Application

Save data|

>

Website JSON file

Response FParse and extract
data from responss)

Figure 2. Web Scraping Overview

The use of artificial intelligence on this chatbot system lies in the pre-processing process,
specifically using natural language processing. NLP is a branch of Al concerned with enabling
computers to understand words in much the same way as human being (Surabhi, 2013). The pre-
processing process includes tokenization and lemmatization. This method is applied to the process of
preparing a bag of words for chatbot training based on the pattern and response file. This pattern and
response file is in json and divided into several tags, such as greeting, thanks, goodbye, no answer,
address, contact, news, event, announcement, scholarship, program, etc. The tag and pattern are
obtained from summarizing all information that may be obtained from the website used for web
scraping, in this case UIB website. Meanwhile the response is obtained from the result of web scraping.
Thereafter, this method is applied for processing the user’s response in advance of doing the pattern
matching to find the answer.

JST. P-ISSN: 2303-3142 E-ISSN: 2548-8570



Jurnal Sains dan Teknologi, Vol. 11, No. 1, 2022, pp. 132-141 135

file Ed View Goto Tools Project Preferences _Help

3 tine 1. Column 1 b

Figure 3. Pattern and Template JSON Output from Web Scraping

The use of Knuth-Morris-Pratt as a string search algorithm in this web-based chatbot lies in the
pattern matching process. The pattern matching is being done based on the user message or response to
the bot that has gone through the preprocessing process. This algorithm is one of the Exact String
Matching Algorithm types, which is an exact string matching with the arrangement of characters in a
matched string that has the number and sequence of characters in the same string. KMP performs
matching one character by one character from left to right (Rahim et al., 2017). Prefix and suffix of the
matching is used in the KMP algorithm. It's known as Longest Proper Prefix which is Suffix (LPS). LPS is
basically a one-dimensional array consisting of a number of elements which is equal to the number of
characters in the pattern (Dawood & Barakat, 2020). KMP algorithm consists of pre-processing and main
stage. In the pre-processing stage, LPS array or failure table is generated for each word in order to identify
the maximum possible shift to prevent the unnecessary comparisons while searching. This action could
also decrease the needed time when comparing pattern and text string (Warnars et al, 2021). The
implementation of KMP preprocessing stage by generating a failure table is shown in Table 1.

Table 1. Failure Table

Word LPS Array

goodbye [0,0,0,0,0,0,0
scholarship [0,0,0,0,0,0,0
AAACAAAA [0,1,2,0,1,2,3

As the failure table has successfully generated, it will be used while matching the pattern and text
string in order to decrease matching time. The main stage of KMP algorithm will be implemented. Both the
pattern string and text string that wanted to be compared are required as an input in order to run the
KMP algorithm function above. Table 4. to 7. are the visualization of string matching with KMP. Each table
consists of text string and its index, pattern string and its index, and the LPS array of the pattern. The
comparison of text “newer news” and pattern “news” started with variable i and j defined as 0 to perform
shift calculation (Anggreani et al., 2020). Variable i represents text index while j represents pattern index.
Index=0 of pattern (pat[0] = n) and index=0 of text (txt[0] = n) match as shown in Table 2.

Table 2. String Comparison with KMP 1st Comparison

Index 0 1 2 3 4 5 6 7 8 9
Text string n e w e r n e w S
Pattern index 0 1 2 3
Pattern string n e w S
Pattern LPS 0 0 0 0
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Table 3. String Comparison with KMP 2rd Comparison

Index 0 1 2 3 4 5 6 7 8 9
Text string n e w e r n e w S
Pattern index 0 1 2 3
Pattern string n e w S
Pattern LPS 0 0 0 0

Table 4. String Comparison with KMP 3rd Comparison

Index 0 1 2 3 4 5 6 7 8 9
Text string n e w e r n e w S
Pattern index 0 1 2 3
Pattern string n e w s
Pattern LPS 0 0 0 0

Table 5. String Comparison with KMP 5t Comparison

Index 0 1 2 3 4 5 6 7 8 9
Text string n e w e r n e w S
Pattern index 0 1 2 3
Pattern string n e w s
Pattern LPS 0 0 0 0

Since the first character match, comparison continues to the next character of text and pattern by
adding the value of both variable i and j by 1. If a mismatch is found as shown in the 5th column of Table
2., the pattern will be moved to the last mismatch position (Warnars et al,, 2021), which is in text index =
3. It’'s because the value of j is 3 at this stage, so variable j should be set to j = Ips[j-1]. Value of pattern LPS
with index = 2 is 0 as seen in the 7th column of the last row of Table 3. In this case, the LPS array is used to
skip unnecessary comparison and it leads to the changing of comparison position as seen in Table 3.
Mismatch occurs on the comparison of pattern index = 0 (pat[0] = n) and text index = 3 (txt[3] = e), so the
value of j is considered (Dawood & Barakat, 2020). Since its current value is 0, the first character of
pattern will be compared with the next character of text (txt[4] = r) as shown in Table 4. The comparison
will continue looping character by character until the value of i reaches the last text index. All pattern
characters match the substring in the text string starting from text index = 6 as shown in Table 5.

Black Box Testing

Input —m—— 0 Output

Black Box

Figure 4. Black Box Testing

The stage of testing is a step where the User Acceptance Test (UAT) is conducted. Black Box
Testing method is used in this study to determine whether the chatbot is running well according to the
expectations or not. Black Box Testing only focuses on the accuracy of system functionality without
looking at the structure and source code behind, in other words it ignores the internal mechanisms of
the system (Supriyono, 2020).
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3. RESULTS AND DISCUSSION

Result

Design of User Interface (UI) is such an important part of any system (Patel et al,, 2019). This
web-based chatbot is designed similar to chat application design in general. HTML, jQuery, CSS, and Flask
are used to build the chatbot user interface. Front-end plays a big role in getting user messages, relaying it
to the back-end, then showing the response back to the user. The design of the whole chatbot is shown in
Figure 5.

Bot 1
Hellol I'm Bot. How can | help you? @

Bot

Helo, thanks for contactingl Pease drop your queston

Y bot. | m hace to help you 82 gat
Lo rdcrnadicnis) Unvordy P

Figure 5. Chatbot User Interface

This research used 193 questions in 18 different intents which come from web scraping systems.
The questions are manually created by the developer based on information from UIB’s website. The web
scraping system also generated answer templates from each intent. After those patterns and templates are
trained and generated a chatbot model, the model is used each time the users throw a question. User’s
question is tokenized and lemmatized to make it easier for the bot to understand. The tokens and lemmas
are compared to each question that have been trained to the bot. The comparison involves string matching
with KMP. Next, the chatbot model predicted in which intent the question is. It's run to get one intent with
highest strength of probability, which means the patterns of this intent match the user’s question the
most. After the intent is predicted, one response template is randomly chosen from this intent as the most
appropriate answer. Users can operate the chatbot with following steps: First, users need to visit the
chatbot URL. Second, users can immediately start asking the chatbot as soon as the GUI shows. Third, the
chatbot will return the answer immediately to the users. This web-based chatbot is not integrated with
UIB’s website yet. So, users need to manually visit the chatbot URL. Integration with the university or
college website is somehow recommended for next research since it helps the website visitors to reach
the chatbot. Since the training data is limited by the patterns and templates JSON, the chatbot’s knowledge
to answer questions is limited. More data training and dynamic source of data will help to improve the
chatbot ability to answer user’s queries.

Table 6. Black Box Testing Result

No User Input Chatbot Response Intent Status
1 Hi, how do you Hi! I'm your lovely bot. I am here to help you to Option Success
help? get information about Batam International
University. Please ask your question
2 [ got it, thanks! Happy to help! Thanks Success
3 See you later Bye! Come back again soon. Goodbye Success
4 Where is UIB? You can visit Universitas Internasional Batam at ~ Address Success
JI. Gajah Mada, Baloi - Sei Ladi, Batam 29442
5 I need to contact You can contact Universitas Internasional Batam Contact Success
UIB by Phone : (0778) 743 7111 or Email :

humas@uib.ac.id
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No

User Input

Chatbot Response Intent

Status

10

What's the latest
news today?

What are offered
scholarship in
UIB?

Research
institution and
community service

Can I register
online to be a new
student of UIB?

I can't find topic or
article on UIB
Website, can you
help?

5 Latest News about Universitas Internasional News
Batam:

-EC’s Prelude: Start Your Journey

@EnglishClub_UIB (Date: Oct 7, 2021) Further

news: https://www.uib.ac.id/en/ecs-prelude-
start-your-journey-englishclub_uib-2/

There are 6 types of scholarships in UIB, which Scholar-
are: ship

1. Bright Scholarship

2. Independent Scholarship

3. Achievement Scholarship 1

4. Achievement Scholarship 2

5. Achievement Scholarship 3

6. Achievement Scholarship 4

Please visit Undergraduate Scholarship

Programs for further information.

Universitas Internasional Batam has some Bureau
bureaus like:

1) Research Institutions and Community Service

2) Public Relations and Cooperation Bureau

3) UIB Center of Language and Culture

4) English Center

5) Mandarin Center

6) Bureau of Student and Alumni Development

7) Training & Certification

Those Bureau will help connecting students to

build necessary academic skills.

You can now register online as a new studentat  Registra-
Universitas Internasional Batam. tion
Just prepare your legal documents and go to

Registration Site

Or go to Online Registration Guide Page for
complete guide.

Hi, E-service is developed to help you solve your  E-service
problem or confusion at Universitas

Internasional Batam. Please mention specific

problem that you're facing. We'll trying to help

you out :) Visit E-service Site for more services.

Success

Success

Success

Success

Success

Discussion
Black Box Testing is implemented for testing the chatbot. Black Box Testing works by focusing on
the output result, in other words, it ignores the internal system’s mechanism. This technique does not care
about how the system is working to process the input, it’s literally just to determine whether an error is
encountered or any fail is occurred as of the result is not as expected (Ependi & Oktaviani, 2017; Firdaus
etal., 2020; Supriyono, 2020). The user and the chatbot will have text to text communication as seen in
Table 6. It shows the user’s question example with its actual answers from the chatbot. It’s also
completed with which intent the response is classified and testing status whether it is success or fail
(Fryer et al., 2019; Patel et al., 2019; Pi & Majid, 2020). Status will be stated as success if the answer
meets the expected responses in accordance with template and response prepared at data pre-
processing stage (Chandra & Suyanto, 2019). Answers could be in the form of URL that leads to a
specific page of UIB website with an eye to ease user getting further information about their question.
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Bot nn
Hello! I'm Bat. How can | heip you? @

Bot 0057

Gurrently, Universitas Internasional Batam has 10
Undergraduate Programs which are
1. Law E

2. Accounting
3, Managsment
4

5. Electrical Engineeting
6. Information System

7. lnformati chiiol
8.

0y

9. Architecture

10. English Language Education

And 2 Poslgraduata Programs which are:
1. Maser of L aw

2. Master of Management

Please visit UIB Websile for further information.

Figure 6. Failed Testing Result

One of the limitations of current research is that the chatbot only supports the English language.
Improvement is needed in future research to support Indonesian language, like a previous research
that implemented Chatbot with NLP approach using NLTK by (Patel et al, 2019; Prianto & Harani,
2021). Since UIB’s website also supports those 2 languages, it can improve chatbot functionality. Based on
the black box testing results, some questions are found not answered accurately as shown in Figure 6.
It's happened due to term difference that’s used by users and is not trained to the chatbot. The answer
is supposed to be from ‘news’ or ‘events’ intents since ‘happening’ has a similar meaning with ‘event’
or ‘occasion’. Varied word used in the collection of question patterns on each intent will prevent
inaccurate answers due to misleading term (Arthana etal.,, 2021).

4. CONCLUSION

A communication system in the form of a web-based chatbot helps students and others to drop
questions about Universitas Internasional Batam in colloquial language since it uses Natural Language
Processing approach. It also helps users to obtain desired information in real-time, anytime and anywhere
without having to visit colleges. This research presents the details about design and implementation of the
successfully built chatbot. Through the testing process using 100 questions that are evenly distributed for
each intent which some. This chatbot has the ability to answer questions with 86% accuracy rate.
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