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Abstract

This thesis demonstrates the research of
managing personal bank accounts, creat-
ing the logic of the application and its
implementation. The main goal of this
project is to create an efficient server part
that will allow to perform transactions,
transfers and other banking operations
rapidly, the possibility to communicate
with the users through online chat, as
well as the possibility to modify user data
without the need for third party confirma-
tion.

The following chapters will analyze the ex-
isting solutions, the project development
proposals and its implementation. The
implementation of the server side will be
done by using the Java language and the
use of the Spring Boot framework. In ad-
dition, monolithic architecture will also
be used to achieve the expected result.
To demonstrate the result, the Postman
application will be used.
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side, Java, Spring Boot, Monolithic
architecture, Postman
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Abstrakt

Tato préace se zabyva spravou osobnich

bankovnich 1¢t. Hlavnim cilem tohoto
projektu je vytvoreni efektivni serverové
c¢asti, ktera umozni rychlé provadéni trans-
akci, prevodu a dalsich bankovnich ope-
raci, moznost komunikace s uzivateli pro-
stfednictvim on-line chatu a také moznost
upravy uzivatelskych udaji bez nutnosti
potvrzeni treti stranou.
V nésledujicich kapitolach budou analyzo-
vana stavajici feseni, ndvrhy na vyvoj pro-
jektu a jeho realizace. Implementace na
strané serveru bude provedena pomoci ja-
zyka Java a s vyuzitim frameworku Spring
Boot. Kromé toho bude také pouzita mo-
nolitickéd architektura k dosazeni ocekava-
ného vysledku. K demonstraci vysledku
bude pouzita aplikace Postman.

Kli¢ova slova: Bankovni operace,
Strana serveru, Java, Spring Boot,
Monolitické architektura, Postman

Pteklad nazvu:
bankovnich ucéta

Sprava osobnich
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Chapter 1

Introduction

This chapter describes what the project is about, what aspects will be touched
and what the purpose of the project is to accomplish.

. 1.1 Motivation

Nowadays there are many different banks that try to attract future customers
with favorable services. When creating a card, customers are asked to install
the bank’s mobile app where the user will have full access to their data and
accounts, but what many banks don’t tell to the customer is that they also
have web apps that can also be used to manage their accounts.

Due to this, provided that many banks have a modern interface of their
web application, they are also complex. The complexity is that it takes
time to fully use the application, for example, if a customer want to make
a transaction, he has to click through several pages when it could be done
in one: change user data, for example, if the customer’s contact number has
been changed, the possibility of transferring funds to another account and
more.

B 1.2 Goal

The aim of the work is to analyze the existing web applications of banks and
develop a server part for managing personal bank accounts. The program
should present the ability to easily and quickly manage bank accounts, getting
actual exchange rates, creating new cards, conducting transactions and the
ability to change your data. In the course of the project, as well as the
bachelor’s thesis, a prototype of the server with functionality covering the
client’s needs will be created.






Chapter 2

Overview of existing solutions

This chapter will analyze several banks from different countries, examining
their positive and negative aspects. Based on this, functional and non-
functional inquiries will be founded.

B 2.1 Ceska Spoiitelna

Ceské Spofitelna is the largest bank in the Czech Republic, which is used
by the majority of the population of the Czech Republic. The bank offers
favorable and pleasant offers to customers, and it is also a partner of several
universities and a sponsor of various events.

Upon authorization on the bank’s page user will see his personal bank
account, in which user can find his active accounts and a graph showing
the interaction with the bank account. When working with the bank card
user can see the date of purchased goods or received funds, type, name and
amount.

User can also change his data, interact with the bank account, change the
limit at which user can withdraw money from the account, pay online for
goods, add contacts, create templates and new accounts.
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Figure 2.1: Ceska Spofitelnd web application
Disadvantages:

1. Navigation Clarity Issue - Navigation is quite complicated and not quite
clear for a user who opens this page for the first time. For example, user
can observe the account on the main page of the website, but if he hover
over "Your Products", user will see the same thing.

2. Too big a set of pages - It would have been better to have all the necessary
and important information on 1 page, but in the end it turns out that
to get somewhere, user has to open several different pages, which is not
exactly pleasant.

3. Exchange Rate Visibility Absence - On the main page does not see the
exchange rate, which would be appreciated to see at least in relation to
world currencies such as the dollar and euro.

4. One theme type for the website - Would be better if the website had a
dark theme in addition to the light theme.

B 22 Digital Pumb

Digital Pumb is a well-known bank in Ukraine, like the Czech bank, the
Ukrainian bank offers quite pleasant services for the client. The big plus, unlike
the Czech bank, is the direct connection to the application for documents.
There is no need to go to the bank to open a Physical Entrepreneur, it
is enough just to open a web application, pass identification through the

4



2.2. Digital Pumb

application "Dia”, which is an application for storing documents and sign an
online document, which according to the web website, will take less than 5
minutes. Also user can apply for a loan online, which is a positive factor.
In the personal account user can watch the exchange rate, which is quite
convenient. The interface in contrast to the Czech bank is quite pleasant and
convenient and allows the user to perform the necessary tasks in just 1 click.
The website itself is dynamically one-page, which allows the user to easily
perform the necessary financial tasks without navigating through several pages.
In this bank, user can interact with his account, set limits, send paychecks,
open accounts and cards, take loans, and perform cash transactions. Also in
the settings there is an option to change the theme (from dark to light), send
passwords to Viber messenger, set a default account and much more. |[11]
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0800 501275
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Figure 2.2: Digital Pumb web application
Disadvantages:

1. Language Limitation - In the settings there is no option to choose, for
example, English. Therefore, the choice of this bank is less interesting
for foreigners.

2. Too narrow a range of possibilities to customize the profile - Apart from
changing the password and photo image no other services are offered.
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. 2.3 Privat24

Privat24 is the largest bank in Ukraine, which represents about a quarter of
the entire banking system of the country, being systemically important and
the largest savings specialized bank, servicing a third of the deposits of the
country’s population.

The bank has a quite pleasant interface and has the same functions as
other banks. There is an opportunity to transfer money to an account at
once, transfer to another card, convert the amount of money in order to
understand how much user can get for a certain amount (for example, the
ratio of hryvnia to dollar).

On the main page of the profile there is a currency rate against the dollar.
If user clicks on the rate, he will get a larger list of currency rates. There
are also loan products on the page. With the help of this bank user can
immediately pay for music listening, parking, withdraw a deposit or even
buy a train or airplane ticket and much more. User can set up automatic
payments for services, as well as create a template or use it. When user click
on a profile, he can also contact his personal banker immediately. A nice
touch is the ability to revert the website to an older version for those who
are used to it, for example. It is also possible to change the theme (user can
also set the interaction wallpaper with the operating system). |[12]

$ 360779 1 /374502 & | M

€
=
0
=
2

Support the Ukrainian army via the
“Charity” service in Privat24!

Figure 2.3: Privat24 web application



2.4. Raffeisenbank

Disadvantages:

1. Changing profile data - Besides photos and passwords, users can change
information only by contacting the bank, which is not so convenient.

2. Overloaded UI - There are too many options and different options on
the page, which makes it very easy to get lost in the interface.

3. Problems with transferring money to another bank (foreign) - When
attempting to do so, it will ask the user to come to the bank’s department
in person, which is not so convenient.

. 2.4 Raffeisenbank

Raiffeisenbank is an Austrian bank that is one of the largest banks in Europe
(about 15 countries, including Austria itself) and serves over 17 million
customers.

The bank provides a variety of services to customers that may be tempting
to many people. The bank itself also has a web version through which it
can interface with its account. When user authorize in his personal profile,
user will be able to see the current balance of the amount on the card. It
is also possible to switch between cards. In addition, it is possible to view
the card history, check the messages received from the bank, make payments,
transfer money between accounts, make conversions, open a new account, get
a statement of accounts, ask for a new card, take out a loan for a limited
amount, make an investment, just like in other banks. It is also possible for
user to manage his data. [13]
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Figure 2.4: Raffeisen web application
Disadvantages:

1. Empty home page - The main page contains quite little information.
There is nothing else besides the main map and this is a big disadvantage.

2. One type of theme for the website - It would be nice if the website had
a dark theme in addition to a light theme.

3. Poor online service - The service is quite slow for issuing documents.



2.5. Industrial bank

B 2.5 Industrial bank

Industrial Bank is a Chinese bank that is the largest bank in the country and
one of the largest banks in the world in terms of its assets and capital.

This bank also has its departments in Ukraine. The bank provides a variety
of banking services, as well as actively implements modern technologies for
the convenience of customers. The website of the bank has a type of one-sided
dynamic website.

In the personal profile of the web version of the bank user can see his
account, debts, exchange rate and various options offered in the left bar:
currency exchange, sending funds, services, creation and management of
templates, operations, callback, the ability to contact the concierge. On the
main page user can create new templates, sending funds, bills, loan, deposits.
User also have the possibility to manage his profile, to change it. |[14]

] ® W 0 B

Figure 2.5: Industrial bank web application

Disadvantages:

1. Old interface - The interface is quite old and does not look presentable
against other banking websites.

2. One type of theme for the website - It would be better if website had a
dark theme in addition to the light theme.



2. Overview of existing solutions
3. Website crashes when zooming in - If the user zooms in on a page, the
website crashes.

4. Lack of Home Button - When a user clicks from the personal cabinet, the
icon throws the user out of the personal cabinet and opens the website
from the beginning.

5. Ambiguous Icons in “Utilities" - Within the "Utilities" section, the icons
displayed appear unfamiliar and lack clarity.

6. Unclear arrangement of sections - It confuses users on which page they
are at.

. 2.6 Conclusion

The purpose of studying 5 different bank websites was to find out how well
they fulfill the main criteria - ease of use, speed and security, profile customi-
sation, modern interface and multilingualism.

The table below shows the final analysis of the banks.
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BANK NAME

Ceska Spofitelna

Digital Pumb

Privat24

Raiffeisenbank

Industrial bank

USABILITY

Complicated
navigation for first-
time users

Streamlined services
and easily to navigate

Complicated
navigation for first-
time users

Simple navigation for
first-time users

Prone to crashes
when zooming inon a
page, hard to figure
out for the initial user,
poorly implemented
website functionality,
complicate navigation
for first-time users

MODERN
INTERFACE

Modern design, one
type of theme, lacks a
dark theme, lots of
different pages, easy
to get confused

Modern design, ability
to change bank
theme, dynamic one-
page design, pleasant
and convenient
website with one-
page structure

A modern design that
contains rich
functionality with a
combination of
modern design
elements as well as
the ability to utilize
older design
elements, pleasant
and feature-rich, but
overloaded Ul

Modern design, lacks
a variety of themes,
limited information on
the home page, no
dark theme

Outdated interface,
lacks a “dark theme”,
lack of a "nome"
button, clicking on the
site icon throws the
user out of the
account and requires
re-entry of login and
password,
unprocessed user
interface, which can
leave the user
confused.

SPEED & SECURITY

Processes requests
quickly, uses two-
factor authentication
to fulfill the request

Processes requests
quickly, uses two-
factor authentication
to fulfill the request,
Before sending the
amount, writes out
the cardholder's first
and last name when
entering the card

Processes requests
quickly, uses two-
factor authentication
to fulfill the request,
Before sending the
amount, writes out
the cardholder's first
and last name when
entering the card

Slow online service
for document
issuance, uses two-
factor authentication
to fulfill the request

Does not process
requests quickly, uses
two-factor
authentication to fulfill
the request

2.6. Conclusion

PROFILE
CUSTOMISATION

Possibility to change
profile details such as
address, phone
number, mail and
more

Limited profile
customisation options

Limited profile
customisation
options, needs to
make a call to the
operator to change
user data or go to the
bank

Comprehensive
profile interaction
options

Limited profile
customisation options

MULTILINGULISM

Contains English and
Czech languages

Only supports
Ukrainian language.
Lacks options for
other languages

Contains English and
Ukrainian languages

Contains English and
Czech languages

Only supports
Ukrainian language.
Lacks options for
other languages

Figure 2.6: Conclusion table with the main factors of banking applications.
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Chapter 3

Business Analysis

Business analytics describes who the target audience of the application is,
what roles exist, their capabilities, how they can interact with the application,
and a Use-Case diagram that visually illustrates that.

B 31 Target audience

The target audience of the application is users who will use the web version
of the bank in order to manage their bank account. Since the server side of
the application will be implemented, it also gives companies the opportunity
to use this application for the purpose of implementing the web version of
the bank.

. 3.2 Roles

The application will have several roles: User, Anonymous User, Moderator
and Administrator. In this chapter it will be described in more detail how
they can interact with the application.

B 3.2.1 User

User (USER role) has the right to manage his/her profile, open new accounts,
make bank transactions, take out loans and repay them, deposit money, send
messages to other users. A user cannot delete his/her card as long as there
are funds on it. Also, the user cannot close his account. To do this, he/she
must contact the administrator via chat or email with a request to close the
account, after which the administrator will delete it.

13



3. Business Analysis

B 3.2.2 Anonymous user

This type of user does not have access to account management and any other
services provided by the web version of the bank. An anonymous user can
only create an account. Upon creation, he/she is automatically given a card
with the national currency.

B 3.2.3 Moderator

Moderator (MODERATOR role) has the ability to see users’ accounts and
edit them if necessary, has the ability to manage users’ cards, loans, deposits
and transfers, solve issues through internal chats or emails. Also moderator
has the ability to set restrictions on access to users’ bank accounts. Has the
same capabilities as the regular user.

B 3.2.4 Administrator

The administrator (ADMIN role) has the ability to see user accounts and
delete them if necessary. A user with the administrator role has the ability
to set roles for other users, namely the moderator and administrator roles.
He also has the ability to delete bank accounts if there are no funds in them,
set restrictions on access to users’ bank accounts but does not have access
to their loans, and does not have access to users’ loans and deposits data.
Possesses incomplete regular user capabilities.

14



3.3. Use-Case diagram

B 3.3 UsecCase diagram

The Use-Case diagram describes the existing roles in the application that are
inherited from the user and also the anonymous user.

uc Use-Case Model

Actors

Anonymous User User

Admin Moderator

Figure 3.1: Use-Case diagram with actors

15



3. Business Analysis

This Use-Case diagram describes the interactions between roles and the
capabilities available to users with different roles.

uc Use-Case Model

Get User data

Get Actual Exchange
Rates states.

Change usr credentials ) - - - -~

Lau
V00

Login

Upload Avatar

Get Messages data

Send Messages

JOY

Cards

Create Card

Delete Card

Delete User

Change User Role to
Admin

Change User Role to
Moderator

VOO0

.
-
—
—
€.

GetLoan data

Open Loan

Repay Loan

Delete Loan

Update Loa

VOO0

Deposit

Get Deposit Data

‘Open Deposit

Delete Deposit

V006

Register (Create new User]
Anonymous User

Trensfer

Get Transfer data

Create Transfer

o

Figure 3.2: Use-Case diagram with interaction between actors
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3.4. Conclusion

. 3.4 Conclusion

The Business Analysis chapter delves into defining the target audience, roles,
and interactions within the application, alongside presenting a Use-Case
diagram illustrating these aspects visually. By detailing user roles such as
User, Anonymous User, Moderator, and Administrator, it delineates their
respective capabilities and interactions. The Use-Case diagrams visually
depict these interactions, offering a comprehensive understanding of the
application’s functionality and user roles.
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Chapter 4

Functional and nonfunctional requirements

This chapter discusses the distinction between functional and non-functional
requirements and their impact on the scope and functionality of the project.

B 4.0.1 Functional requirements

Functional requirements are the requirements that the end user has as core
capabilities that the system must provide. All these functionalities must
necessarily be included in the system as part of the contract. They are
represented or formulated in terms of the input data to be fed into the system,
the operations to be performed, and the expected output data. |[16]

Based on the analyses that were made during the material review, the
project will have the following functional requirements:

B FR1: Registration

The program will allow the user to register and set personal information such
as - name, surname, date of birth, country of origin, email, password and
phone number. After registration user will be able to set his image profile.

B FR2: Opening and maintenance of accounts

The program will allow the user to open accounts with different currencies
and the ability to manage them, for example, to put on deposit, to withdraw
funds from the card, to transfer funds to other accounts of the user.
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B FR3: Deletion of account

When deleting a bank account, if there is any amount left on it, the application
will not allow the user to delete it. To do this, it is necessary to transfer

money to another card, so that there are no funds on the account to be
deleted.

B FR4: Conversions

The main account is automatically opened in Czech crowns upon registration.
Provided that the user opens a deposit, the amount transferred to the deposit,
if the currency is foreign, will be converted to the currency of the deposit.
The user also has the possibility to transfer the amount to his account with
both national and foreign currencies. When transferring money to a foreign
account, conversion will be done. A user cannot send an amount to another
user’s account if the currency of their account is not the same as the sender’s
currency account. Currency conversion will be set based on data coming from
third-party APIL.

B FR5: Delete profile

User will be able to delete his profile if he has no money in his account, no
loan either on his profile or on his card, and no deposit opened. Also the
deletion of the profile must be confirmed by the administrator.

B FR6: Loan options

The system will allow the user to take a loan from the bank. The loan will
be linked either to the bank account or to the user himself. When an amount
is sent to the loan account, the loan will decrease and will soon automatically
be removed.

B FR7: Currency rate check

The user is able to monitor the exchange rate against the Czech crown.

B FR8: Edit profile

User has the ability to edit their profile - photo, phone number, email and
password. Changing the user’s role can be done only from the adminis-
trator’s side, as well as blocking and unblocking the user can be from the
administrator’s and moderator’s side.

20



4. Functional and nonfunctional requirements

B FR9: Write to other users

The user has the ability to communicate with other users using chat. Moder-
ator and administrator also have such possibilities.

B FR10: Account blocking

The administrator and moderator have the right to block the user’s account.
In this case, the user will not be able to authorize, delete the account and
perform various operations. Also he/she will not be able to create a new
account if he/she provides the same data as in the previous account.

B 4.0.2 Nonfunctional requirements

Non-functional requirements are qualitative constraints that the system must
satisfy according to the project contract. The priority or degree of realization
of these factors varies from project to project. They are also referred to as
non-functional requirements. |[16]

Based on the analyses that were made during the material review, the
project will have the following non-functional requirements:

B NFR1: Continuity

The developed program should function in a 24/7 activity mode, ensuring
continuous operation without any scheduled or emergency application stops.

B NFR2: Safety

The program must have an established authorization, which includes login
and password. In this way the program protects the user from the third
person.

B NFR3: Performance and scalability

The program must be optimized for high performance and be able to scale
with changing workloads. It should successfully handle a large number of
users and its architecture should allow for efficient expansion when necessary.

B NFR4: User application of the program

The program will be easy to use and will not require much effort from the
user to understand the application.
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B NFR5: Testing

The program will be followed by testing to prevent any errors.

B NFR6: Portability

The program will not be dependent on the operating system and can be run
on other devices of different OS.

B NFR7: Reliability and reusability

The program must have full access to the database of all users. The data
itself must be reusable.

B NFR8: Repairability

The system should be easily maintainable and capable of rapid recovery from
system crashes.

B NFR9: Flexibility

The program must be flexible and able to adapt to new technologies.

B NFR10: Efficient resource management

The program must be able to effectively access and interact with resources.

. 4.1 Conclusion

The "Functional and Nonfunctional Requirements" chapter outlines the essen-
tial functionalities and qualitative constraints of the application. Functional
requirements include vital features like user registration, account manage-
ment, currency conversions, profile editing, and communication capabilities.
Nonfunctional requirements emphasize continuous operation, safety measures,
performance optimization, user-friendliness, testing protocols, portability,
reliability, and flexibility. Together, these requirements shape the project’s
scope, defining its operational parameters and ensuring functionality and
quality across various dimensions.
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Chapter 5

Software Analysis

This section discusses the various technologies that will be used to implement
this project and the reasons why they were chosen. Among the technologies
used are discussed such as the database and programming language.

. 5.1 Database

A database is a set of data stored in a system and usually managed by a
database management system. Databases are stored and in the form of tables,
which enables efficient querying and processing of information. Structured
Query Language (SQL) is used to manipulate the data. The database is
an integral part of the project, providing the requested information when
interacting with the application. For example, when an administrator wants
to see all existing users, he accesses the database to display a list of all

registered users.

Bl 5.1.1 PostgreSQL

PostgreSQL is a powerful object-relational database system that is used in
many web projects. The language has support for both SQL and JSON, which
has gained more interest among developers. Among the many advantages
of PostgreSQL can be mentioned reliability, data integrity, a wide range of
functions, extensibility and much more.
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B 512 MysQL

MySQL is one of the most popular databases that is used in various companies
such as Facebook, Netflix, Uber and others. MySQL is also an implementation
database, where data is stored in separate tables. The main advantages are
speed, reliability and easy to use. MySQL also has its disadvantages, such
as: inefficiency with the work of very large data as well as in transaction
processing, lack of support for SQL control limits, difficult scaling. |[19]|/[20]

B 5.1.3 Oracle Database

Oracle Database - A relational database management system and is one of
the most robust and widely used relational databases for storing, organizing,
and searching data by type while preserving relationships between different
types. The disadvantages of using Oracle are the complexity of use with
architectural and administrative costs, which can put a strain on the use of
small Websites. |[21]

B 5.1.4 MongoDB

MongoDB is a database program (tool) to manage document-oriented informa-
tion, store or retrieve information and has a NoSQL type format. MongoDB
is used for big data storage, indexing, load balancing, aggregation and more.
MongoDB also has a number of drawbacks such as: limited transaction vol-
ume, limited join capabilities, data redundancy and memory use, document
size limitation, and nested document layers. |[22]|/[23]

B 5.1.5 Comparison of databases

Below can be seen a table that demonstrates database comparisons, their
advantages and disadvantages.
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5.1. Database

PostgreSQL

MySQL

Oracle DB

MongoDB

Reliability: Ensuring data
integrity even in the event of
failures or emergencies.

Speed: High speed of query
execution.

Robustness: high degree of
reliability and performance.

Flexibility: Flexible
document-based
data model.

Manage complexity:
extensive features
and functions.

Imperfect scalability:
scaling issues when dealing
with large loads or volumes

of data.

Complexity and
Costs: High licensing costs
requirements for expertise in
administration and
configuration.

Transaction
Limitations: Limited
transaction support.

Figure 5.1: Conclusion table with the main factors of databases
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. 5.2 Backend

The backend is the server side of the website, which is the main part of the
project. It stores and organizes data, and makes sure that everything on
the client side of the website accomplishes its task. It is the part of the
software that does not come in direct contact with the users. The parts and
features designed by the backend designers are indirectly available to the
users through the front-end application.

The backend is also the thread of communication between the client and
the database, because the user, without access to the database, will not be
able to get the requested information. Various programming languages are
used for its implementation: Java, Kotlin, Python, PHP, C# and others.

B 521 Java

Java is a programming language and computing platform first released by
Sun Microsystems in 1995 and then purchased by Oracle in 2010. This
programming language is considered a dynamically typed language with a
C-like syntax. It is a multi-paradigm language but is predominantly object-
oriented, also a statically typed, cross-platform general-purpose programming
language. The language is used to develop web websites, mobile applications,
games, and more.

The main advantage of the Java language is its multiplatform nature, which
allows user to run applications written in this language on any platform using
JVM (Java Virtual Machine). |[24]

B 522 Kotlin

Kotlin is a cross-platform, statically typed, general-purpose high-level pro-
gramming language with type inference. The language appeared in 2011
and was developed by JetBrains. Kotlin is mainly JVM-oriented, but also
compiles to JavaScript. Kotlin is a popular language due to its simplicity and
efficiency. It has powerful tools for creating server-side, client-side, mobile as
well as desktop applications. |[25]

B 523 PHP

PHP is an open source server-side scripting language that many developers
use for web development. The language was developed in 1995 by The PHP
Group. PHP is a general-purpose language that can be used to create many
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projects, including graphical user interfaces (GUIs). PHP is one of the popular
languages for beginner programmers due to its ease of learning and use. It
provides powerful tools for processing forms, working with databases, creating
dynamic web pages and much more. The language also has its drawbacks,
such as weak typing, limitations in performance and scalability when working
with large and complex applications. |[26]

B 5.2.4 Python

Python is a high-level interpreted object-oriented programming language
with dynamic semantics, created by the Python Software Foundation in 1991.
Its built-in data structures, dynamic typing, garbage-collected and linking
make it ideal for developing a variety of applications and use as a scripting
language. It can be used for both functional and dynamic programming,
making it unique. Python supports modules and packages, making it easy to
compartmentalize programs and reuse code. |[27]|/[28]

B 5.2.5 Comparison of languages

Below can be seen a table that demonstrates the comparison of programming
languages, their advantages and disadvantages.
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Java

Kotlin

PHP

Python

Multi-Platform: Thanks to the
JVM applications written in
Java can run on different
platforms without changes to
the source code.

Simplicity and efficiency:
Kotlin provides powerful

tools for building both server-

side and client-side
applications.

Easy to learn: The language
is popular because of its
ease of learning and use. It
provides powerful tools for
developing web applications
and websites.

Simple and Expressive:
Python is known for its
simplicity and
expressiveness, providing a
wide range of capabilities for
working with data, creating
graphical interfaces, and
more.

Extensive code: Java can be
bulkier than some other
languages, which can slow
down the development of
projects.

Speed: Kotlin can be slower
to compile than Java, which
can affect development time.

Weak typing and
performance limitations: PHP
has weak typing, which can
lead to bugs and security
issues.

Performance: In some
cases, Python may be less
performant due to its
interpreted nature.

Figure 5.2: Conclusion table with the main factors of languages
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. 5.3 Conclusion

After studying all available technologies, it was decided to use PostgreSQL
as a database language and Java as a language for developing the server side
of the application. PostgreSQL language was chosen because it is convenient
and easy to use. The Java language was chosen because it is very popular for
implementing the server side of projects, and it is also a clear and accessible
programming language due to its syntax and support for object-oriented
programming (OOP).

These technologies were chosen because of the experience gained in their
use, and also because they were studied in detail during my university studies.
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Chapter 0

Proposal

This section discusses the microservice, monolithic architecture, used APIs,
Kafka, Docker Image and Hazelcast. Among other things, UML diagrams
are shown to show what these entities will be and how they will interact with
each other.

. 6.1 Architecture

The application architecture describes the system components, the relation-
ships and interactions between them.

B 6.1.1 Microservice architecture

Microservices are a type of architecture that is used to implement distributed
and loosely coupled applications, where changing one microservice will not
suspend the entire application. A microservice consists of a single deployment
that is independent of other deployments and processes that supports a
specific business function. |[29]
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. API :

Management / Orchestration

Figure 6.1: Demonstration of microservice architecture

B 6.1.2 Monolithic architecture

Monolithic architecture is a traditional model of software that presents itself
as a single network that integrates all business tasks. In order to make changes
to an application with this architecture, user need to update the entire stack,
access the database and after all the changes, run the project.

Monolithic Architecture

User Interface

Business Layer

Data Interface

Figure 6.2: Demonstration of monolith architecture
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B 6.1.3 Deployment diagram

Deployment diagrams are diagrams that model the physical architecture of a
system. Their main purpose is to show the relationships between the software
and hardware components of the system and the distribution of processing

between them.

Below is a deployment diagram showing the basic process of communication
between nodes.

deployment Deployment diagram

wdevice»
Database Server

«executionEnvironment»
Postgre Database Engine

<cdatabase>> 3 |
PostgreSQL

Currency APl adevicen
. Database Server
HTP
adevicen
Information System Server
«devices
pC
«executiongnvironments
«executionEnvironment» Java Spring Application
Postman
HTTP
————— Managing Personal Bank-Accounts. jar e
cexecutionEnvironment»
Terminal
Kafka Message Broker HTTP
Country API «dlevicen
oo Database Server

Using as a messaging platform between
users (implemented via terminal)

Figure 6.3: Deployment diagram
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The first node in the diagram represents the client side of the application.
It contains applications to run the necessary applications such as Terminal
and Postman. Also for communication between users, the Kafka Message
Broker will be used, which will work through the terminal and send messages
to the server, which will then store the data in a database.

The second node represents the server part of the application. The server
part is the main part of the application because it connects the user and the
database. In addition, the server uses APIs such as "FzchangeRate-API" and
"Country API" to retrieve data about exchange rates and existing countries.
It also has a link to Kafka, through which it processes and stores messages in
the server.

The third node is the database. It stores data about users, transactions,
deposits, credits, etc. in the form of tables. When users interact with the
application, they always access the server to retrieve, save, or modify data.

Below is a deployment diagram where two nodes are used. The first node
is a PC, which represents the client side or user interface. The second node
represents the Docker Image which contains a copy of the application in its
deployment version. We also use Postman to interact and test the application.
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Figure 6.4: Deployment diagram (Docker Image)
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B 6.1.4 UML Diagram

The UML diagram is a graphical demonstration of the server-side concept,
the relationships between classes, and what attributes they have.

In the diagram below it can be seen what classes are available in the project,
as well as enumerative classes that will allow to set a status or process.
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6.1. Architecture

class UML diagram

CurrencyData

id: Long
currency: string
rate: Double

- users: List<User>

1.

«enumeration»
Userstatus

«enumeration
UserVisibility

STATUS_DEFAULT
STATUS_BLOCKED
STATUS_UNBLOCKED.

STATUS_ONLINE
STATUS_OFFLINE

«enumeration»
UserRole

ROLE_USER
ROLE_ADMIN
ROLE_MODERATOR

User

1d: Long
- userRole: userRole
- status: Userstatus

«enumeration»
Financialstatus

RECEIVED.
DENIED.

Transfer

d: Long,
currency: Currency
status: Financialstatus 1.

cardNumber: String

pin: Integer
holderName: string
swift: String
balance: BigDecimal
cardExpirationDate: LocalDateTime
recipientTme: LocalDateTime

r

cardLoan: Bankloan
depositTransaction: Def
senderTransferTransaction: Transfer
receiverTransferTransaction: Transfer

- visibility: Uservisibilty —

- name: string

- sumame: string id: Long

- dateOfairth: LocalDate content: String
|- countryorigin: string timestamp:

- emal:String 1 0. |- sender: User

- password: String reciever: User

- avatar:string

- phoneNumber: string
1 |- bankioan: Bankioan

- senderMessages: List<Message>

- receiverMessages: List<Message>

- card >

1
1r
card «enumeration»

- id:Long
- status: Cardstatus
- cardType: CardType MASTERCARD
- currencyType: Currency

t
referenceNumber: string
dateTime: LocalDateTime
description: string
amount: BigDecimal

senderCard: Card
recelverCard: Card

BankLoan

id: Lony

currency: Currency
loanAmount: BigDecimal

«enumeration»
startDate: LocalDateTime G
expirationDate: LocalDateTime
referenceNumber: st cx
cardLoan: Card usD
userLoan: EUR
PLN
uAH
Deposit
id: Long

e: LocalDateTime
ocalDateTime

startDaty
expirationDate

description: string
depositAmount: BigDecimal
depositCard: string

referenceNumber: string 1
cardDeposit: Card

«enumeration
Cardstatus

STATUS_CARD_BLOCKED
STATUS_CARD_UNBLOCKED
STATUS_CARD_DEFAULT

Figure 6.5: UML diagram
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B 6.1.5 Server side

The server side of the application is written on the Spring Boot framework
using the Java language. Spring Boot framework is a popular framework
for developing the server side of web applications. It allows user to create
a web application without much effort, so customizing and writing code
seems to be easier. Spring Boot has a lot of functionality, among which its
most significant features can be considered: dependency management and
automatic configuration.

Below is a component diagram describing the interaction with the server side
of the application.
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cmp Component Diagram
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Figure 6.6: Component diagram
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B 6.1.6 Security

Security is a major aspect in apps, especially when it comes to bank accounts.
The application uses Spring Security. Spring Security is a unique framework
that is used for authorization and authentication. Its benefit is also that it
can be easily augmented with the desired functionality. The application uses
Basic Auth for authentication.

Client Server

: |
] \I
— 1
! GET [ HTTP/ 11 I:
3 |
S HTTP/ 1.1 401 Unauthorized 1
Ask user E WWW-Authenticate: Basic realm="Access to the staging site” i
—_ I
] |
1 ]
— |
I
: )

1 \! .

= Check credentials

| GET/HTTP/ 11 '

| Authorization: Basic YWxhZGBpbjpvcGVuc2VzYwil

N

A

HTTP/ 11 200 ok !
or
HTTP/11 401 Unauthorized

Figure 6.7: Basic Auth diagram demonstration

Basic Auth is one of the authentication methods and is a simple way to secure
the REST API. It uses an HTTP header to pass the username and password
when requesting a server. The disadvantage of Basic Auth is that it does not
require the use of cookies to manage user sessions. This can affect application
performance due to the need to re-authenticate each time a request is made.
One way to solve this problem could be through the use of a session manager.
By using a session manager, user can manage user sessions more efficiently
and reduce the time spent authenticating and loading data to the page. |[34]
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Below is the implementation of "Basic Auth" authentication in the applica-
tion.

@Bean =

SecurityFilterChain securityFilterChain(HttpSecurity ) Exception

ionCreationPoli

PathReques 5 nLoc 1S .permitAll
HttpMethod.POD

.authenticated

Figure 6.8: Security chain implementation demonstration

Also, in the application, users have been divided into roles, and only users
with a specific role have access to certain methods. This can be achieved by
using the @PreAuthorize annotation. Below is a demonstration of how this is
implemented in the application.

LOG

Figure 6.9: PreAuthorize implementation demonstration
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B 6.1.7 Database

The PostgreSQL database was selected for the application development. This
database is popular among users due to its powerful, open-source, object-
relational database system. Additionally, it was studied and utilized during
university courses, which provided a solid understanding of its syntax.

Below is a demonstration of how PostgreSQL is configured in the application.

: org.hibernate.dialect.PostgreSQLDial

Figure 6.10: PostgreSQL configuration for accessing to the database

B 6.1.8 Hibernate

Hibernate is a Java framework whose goal is to simplify database relationships
and the use of data in code. Hibernate resides in the freely available Object
Relational Mapping tool, or ORM for short. Hibernate allows user to write
less code to manipulate the database, making the code more readable. It is
also part of the Java Persistence API (JPA) implementing its specifications

for data persistence.

B 6.1.9 JPA

The Java Persistence API (JPA) is a Java language specification that is used
to persist Java objects in a relational database. In this way, JPA can be
referred to as the node that connects databases to our code. ORM tools
such as Hibernate, which implement the JPA specifics to persist data in the
database. |[36]
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B 6.1.10 Maven

Maven is a powerful tool that allows user to manage projects. Its functionality
includes such mechanics as building projects, working with validation, cleaning
up unnecessary dependencies, rebuilding files, testing, building into a package,
installing new dependencies and much more. Maven makes the daily work
of Java developers easier and generally helps to understand the essence of
any Java project. However, it is also worth mentioning that Maven is an
important part of the project, without which it will be impossible to run the
application. Maven allows user to use it as a controller to control a Java
application. |[37]

B 6.1.11 REST API

REST (Representational state transfer) is a style of software architecture
that is used to create APIs (Application Persistence Interface) in the modern
world. REST allows user to use information using HT'TP requests, thanks to
which user can call information, write it to a database, modify and delete it.

The most common HTTP requests used for manipulation are GET, POST,
PATCH, PUT, DELETE. Each piece of information is uniquely defined by
a global identifier such as a URL. Each URL in turn has a strictly defined
format. Below is an example from an application where an HTTP request is
used to perform manipulations on data in a database.

, BRequestBody BankLoanRequest

.expirationDate());

Figure 6.11: Demonstration of REST call in the application

B 62 Used Third-party APl’s

Third-party APIs were used in the application, through which the application
can get up-to-date information about currencies and existing countries.
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B 6.2.1 Currency API

Currency API (or "ExchangeRate-API") is a free, publicly available API that
allows user to get up-to-date currency rates from over 162 countries around
the world. In the application the main currency is Czech crown, so rates of
other currencies will refer to Czech crown, so for example 1 crown is 0.04232
dollars. In the application, the exchange rate is updated every 24 hours so
that the user can see the current exchange rate today. Below user can see
how information about currency rates is stored in the application database.

38]

WHERE

of id currency

CZK
2 AED
3 AFN
4 ALL
5 AMD
5 ANG
7 ADA
8 ARS
7 AUD

- -: A |'|I| EI

Figure 6.12: Demonstration of the ExhcangeRate-API usage
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Bl 6.2.2 Country API

The "REST Countries API" is used to verify that a user has entered an
existing country when registering. Below is a demonstration of how the
country entered by the user is validated in the application. |[39]

country

String =

ResponseEntit ing> .getForEntity( String.
. 1=
( =

ObjectMapper
JsonNode

NELLL
JsonNode

String

(RestClientException | I0Exception e)

Figure 6.13: Demonstration of the REST Countries API usage

45



6. Proposal

B 63 Apache Kafka

Apache Kafka is a distributed platform for streaming data that is continuously
generated during real-time use of an application. The application uses Apache
Kafka as a robust and scalable Message Broker that enables messaging between
users. The use of the customized configuration for Kafka in application.yml
file is demonstrated below. |[40]

Figure 6.14: Demonstration of the Apache Kafka configuration

. 6.4 Hazelcast

Hazelcast is a distributed In-Memory Data Grid platform for Java. In an
application, Hazelcast acts as query caching, allowing users to retrieve data
instantly when the data is re-processed, without having to execute the query
again. Below is an example of the configuration that can be found in the
hazelcast.yml file, as well as a demonstration of the use of the caching
annotations that Hazelcast works with.

FindA1L();

Figure 6.15: Demonstration of the Hazelcast configuration
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B 6.5 Docker Image

A Docker image is a file that is used to execute code in a Docker container.
Docker images act as a set of instructions to create a Docker container, similar
to a template. In a Docker image file, we specify the commands to build the
application, create the Docker image, specify variables for environment, port,
etc. Below is a Dockerfile that runs the commands described above. [[42]

n packag 1 =true

-temurin:17-jdk-jammy

build /tmp e rget/*.jar /app/app.jar

(er.internal postgres

Figure 6.16: Demonstration of Docker Image

. 6.6 Conclusion

In this chapter, all technologies and frameworks used in the application
were analyzed. After studying this title it is possible to conclude why these
technologies and frameworks were used, what are their advantages and what
role they play in the application.
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Chapter 7

Implementation

This chapter will describe the development of the application, what framework
is used and the structure of the application.

B 71 Application implementation

The application itself is the server side of the web application, which plays
a very important role as the information that is manipulated will later be
written out in the client side of the application.

B 7.1.1 Spring Boot

Spring Boot is an open source framework that makes it easy to build web
applications. It provides user-friendly tools and automated configurations,
which makes the development process fast and enjoyable. Spring Boot is
widely used in the industry and is a popular choice among web application
developers. It supports not only Java but also more modern programming
languages such as Kotlin and Scala, allowing user to choose the right tool for
each project.

B 7.1.2 Application structure

The main files are located in the folder
sre/main/java/accounts/bank/managing/thesis/bachelor/rastvdmy,/.

During development, the code was structured and divided into several folders,
each of which contains a specific part of the application responsible for a
particular program process.

Below demonstrates the structure of the application.
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v @ Managing-personal-bank-accounts
>
> B javadoc
v Kk sSrc
v [ main
v Bgjava
v [ accounts.bank.managing.thesis.bachelor.rastvdmy
> & config
> [& controller
> fadto
> [Bgentity
> W8 exception
> @ repository
> B§ service
& Application
> [Bresources
> I test
> e
@ .gitignore
Dockerfile
mindex.html
pom.xml
README.md

Figure 7.1: Demonstration of the application structure

/config/ - This folder contains the configurations needed to initialize the
application, run Kafka, and install security. Also inside this folder there is
a folder /config/utils/, which contains Kafka listeners - a component acting
as a listener, thanks to which it is possible to see the status of the message
when communicating.

/controller/ - A folder that stores files used to manipulate data by per-
forming certain operations defined in REST controllers and displaying them on
the screen. Inside this folder user can also find the folder /controller/handler/,
which contains the Error handler, which when processing messages, in case
of error will display the page with errors, which are located in the folder
/resources/templates/.

/dto/ - The application uses two types of data transfer objects, known as
DTO, provided in the dto folder. A DTO is the process by which the necessary
data is transferred between the client and server parts of an application.
/dto/request/ - Responsible for transferring data from the client part to the
server part. This type of data transfer object is used to send requests to the
server and transfer the data for processing.

/dto/response/ - Responsible for transferring data from the server part to
the client part. This type of data transfer object is used to send responses
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from the server to the client and transfer the data for display to the user.

Each type of DTO is represented in a corresponding class within the
specified folder.

/entity/ - This folder contains entities that are a directly important part
of the application. As the application runs, there will be constant interaction
with the entities, including assigning new roles, deleting, modifying, and other
operations.

/exception/ - The exception folder contains the application’s error class,
which is used to write an error to the screen if the user for example makes a
mistake while entering data.

/repository/ - This folder contains files through which it is possible to
manipulate the database, namely to retrieve certain data, to save and delete
from the database, and to modify data. The folder links the business logic
with the database logic.

/service/ - This folder contains the files that implement the business
logic. In this folder, services interact with entities, controllers, errors and
repositories, thus making themselves the "heart" of the application. The
business logic implements such details as: getting up-to-date exchange rates,
transferring money, opening a deposit, creating a profile, opening a new
account, and more. This folder also contains the /service/component/ folder,
which stores: The Administrator Initializer - every time user try to create a
database, an administrator is automatically created, as well as the Generator
- which stores the logic for generating the necessary data for the map, namely:
IBAN, Swift, account number and reference number.

/resources/ - This folder contains the application configuration files, the
Hazelcast hashing configuration, and the /resources/templates/ folder, which
contains the files the user sees when errors are displayed.

/test/ - The tests folder contains files that test the application before
launching it so that there are no unnecessary errors.
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7. Implementation

. 7.2 Conclusion

The "Implementation” chapter outlines the development process, highlighting
the utilization of Spring Boot for web application development. It provides a
comprehensive overview of the application’s structure, detailing each folder’s
purpose and functionality. Key components such as configurations, controllers,
DTOs, entities, exceptions, repositories, services, and test files are discussed,
underscoring the meticulous organization of the codebase. This chapter
underscores the development effort and emphasizes the significance of the
application’s structure and core components.
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Chapter 8

Development environment

This chapter will describe all the development environments used to create
the application.

B 8.1 IntelliJ IDEA Ultimate

IntelliJ IDEA is an integrated development environment (IDE) developed by
JetBrains that is used for application development. IntelliJ allows user to write
applications in different languages such as Java, Kotlin, Scala, JavaScript and
many others, which makes it unique. Also the main feature is plugins, which
are unique tools that allow developers to make IntelliJ a unique sandbox.

JET
BRAINS

=

Developer Tools eam Tools Education Solutions Support Store Q & » 3

IntellJ IDEA

The Leading Java and
Kotlin IDE

The IDE that makes development a more
productive and enjoyable experience

Figure 8.1: IntelliJ IDEA web page
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8. Development environment

. 8.2 Postman

Postman is a platform developed by Postdot Technologies for creating and
using APIs. It allows users to test the server side of an application by creating
different REST requests, facilitating interaction with both the server side and
the database. Additionally, Postman is a unique tool for creating REST API
documentation, enabling the generation of documentation once all requests

have been written.

o Productv  Pricing  Enterprise Resources and Support~  Public API Network Q_ search Postman ContactSales | signin | [RELLIUS LS
2 GO e ®

o

Build

APIs together

Over 30 million developers use Postman. Get -
started by signing up or downloading the desktop oty R R —- . " oar
app.

Download the desktop app for

" e 08

TOOo;

What is Postman?

Postman is an API platform for building and using APIs. Postman simplifies each step of
the API lifecycle and streamlines collaboration so you can create better APIs—faster.

Figure 8.2: Postman web page
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. 8.3 Docker

Docker is an open platform for developing, delivering, and running applications.
It allows applications to be decoupled from the infrastructure, enabling faster
software delivery. In an application, Docker is used to create images that can
be executed independently. Docker includes builds that can run on their own,
independent of the underlying application. |[45]

Docs Get support Contact sales

Feitse e FEW S O Gmeme o son | [

@® buildcloud

Docker Builds: Now

Lightning Fast

Announcing Docker Build Cloud general availability

Discover Docker Build Cloud

Figure 8.3: Docker web page

. 8.4 Conclusion

The "Development Environment" chapter highlights the key tools used in
application development. IntelliJ IDEA Ultimate provides a robust integrated
development environment supporting various languages. Postman simplifies
API testing and documentation, while Docker enables efficient application
development, delivery, and execution. These tools collectively streamline the
development process, emphasizing efficiency and productivity.
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Chapter 9

Versioning

Project versioning is an important part of project implementation, because
with its help you can define the project status, dividing each change in the
project into bug fixes, minor changes and major changes. Project versioning
is also an important part of team-based application development, because
this way we can divide the work between each team member, specifying their
own branch version, and after implementation and validation, merge it with

the main version.
| | i | 6

Major Version Minor Version Patches

Major Changes -
Elrej'aks the ;E'-!\F'I Mincr Changes Bug fixes

Dioes not break the API

Figure 9.1: Demonstration of an example of project versioning [46]

B 9.1 GitHub

GitHub is a free web service that acts as a repository for open source IT
projects as well as a service for collaborative application development. With
GitHub, users can share projects, manage them, change access to them, and
much more. At the moment, this web service is the most popular among
developers. Due to the fact that GitHub supports the distributed version
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control system git, it became possible to use the knowledge gained during
university studies, namely creating separate branches, merging them and
much more. GitHub’s unique functionality, GitHub Pages, was also utilized.
GitHub Pages allows the user to create a static site that uses code written in
the application. Thus, it was possible to realize Java documentation of the
project and publish it as a web page.

Here is link to the project repository https://github.com/UnknownPug/
Managing-personal-bank-accounts|, which is in public state. Below is a
picture of what the repository page of the Managing Personal Bank Accounts
application looks like.

& Managing-personal-bank-accounts  pusiic £ Unpin @ Unwatch 1 ~

¥ main ~ # 1Branch © 0 Tags (o} 3 Add file ~ <> Code ~ About

Bachelor thesis project (Spring Boot) -
& UnknownPug U 336209 - now ) 51 Commits CTU FEL 2023/24

B8 Managing-Personal-Bank-Accounts
Y README.md

[ index.htm! 3 A - Rename htm file

1] README

This program was created as a bachelor project CTU FEL
in Prague Packages

ackag

(CTU - SIT summer semester 2024) ublish you
Authors: Dmitry Rastvorov Deployments 13

@ github-pages 110
Java version: 17

Spring Boot version: 3.2.3
Languages
Actual project version: 4.2.1
Java 99.2 @ Other 0.8%
@ Main documentation can be found by clicking here

@ Project also contains Java documentation - Javadoc

Figure 9.2: Demonstration of project repository located in GitHub

. 0.2 Conclusion

In this chapter, all the applications that are used to implement the project,
their functionality and features have been broken down in detail. The next
chapters will describe the application, its testing and the next steps in the
project realization.
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Chapter 10

Application description

This chapter describes the functionality of the application, its features that
the application currently has. Below can be seen a few basic scenarios of the
application.

B 101 Registration

To use the functionality of the app user need to register in it, when registering
the user will need to set the data that is wanted from them and then the
program will check if the data has been entered correctly. If so, the user will
be created and a Czech currency bank card will be automatically linked to it.
In case the user tries to enter incorrect data, such as invalid country, invalid
phone number, name, email and other data, then the user will not be able to
enter the correct data. If user wrote some wrong data, he will be able to edit
them. Also, only the administrator can delete a user as well as change roles.
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10. Application description

Create user

{{mpba}}/profile/register

s (10) Body e st Script

none form-data x-www-form-urlencoded @ raw binary GraphQL

"name":"Jiri",

_birth":"2001-¢

country_of_origin®
ail f ut.cz",
s felsitol",

No environment
[ save

{mpba}}/card/

t Script

Pre

"id: 1,
"status": "STATUS_CARD_D

Figure 10.2: Demonstration of automatically added card after registration
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10.2. Log in

B 102 Log in

For user authorization the standard Basic Auth is used, which has a login
page. Authorization can be done using Postman. There is also a generated
authorization page that can be used to simulate authorization. In order to
try the authorization simulation user should enter the ip that was specified in
the application (standard is localhost), then the symbol ":’, then the port that
was also specified in the application settings and the last is endpoint, which is
/login. Example: localhost:8082/login. If the user logs out of the application
/logout, then his status will change to OFFLINE and user will be redirect to
/login page. If user decides to log in later, then after authorization his status
will change to ONLINE and he will be redirect to the page with Json info
message. Below user can see what authorization looks like in Postman, as
well as a Simulation of the login page with user status changes.

Authorizatione  Headers (9)  Body  Pre-request Script ~ Tests  Settings

@ Heads up! These parameters hold sensitive data. To keep this data secure while working in a collaborative
environment,we recommend using variables. Learn more about variables.

send
Basic Auth Username jirives@fel.cvut.cz

Password iLovectufelsit01

Figure 10.3: Demonstration of authorization via Postman
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10. Application description

Please signin

jirives@fel.cvut.cz

"id": 2,

"userRole": "ROLE_USER",

uLT",
"visibility NLINE",
"name":
"surname
"date0fBirth"
"countryOrigin":
"email": "jir
"password": "$
"avatar": "htt
"phoneNumbe:

Figure 10.4: Demonstration of simulate authorization Log In

"userRole": "ROLE
"status"
"visibility"
"name": "Jiri",
"surname": "
"date0fBirth":
"countryOrigin":

"email": "jiri

"password"

"avatar": "htt
"phoneNumber

Figure 10.5: Demonstration of simulate authorization Log Out
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10.3. Adding User photo

B 103 Adding User photo

The user can also customize their photo. To do this, upload a file of type jpg,
png, jpeg. If the user tries to upload files that are not images, an error will
appear.

[profile/:id/avatar

Params Authorization He (1) Body Pre pt  Tests  Settings
none @ form-data x-www-form-urlencoded raw binary GraphQL

Key Value Description + Bulk Edit

userAvatar /A Tree.png

"id": 52,

"userRole": "ROLE_USER",
"status": "STATUS_DEFAULT",
"visibility": "STATUS_ONLINE",
"name": "D ie

"surname":

"dateOfBirth":

"countryOrigin":

"email":

"password": 2 zJAV hnMzBBJIn5. gOTSFIrl.uWE
"avatar": "T

"phoneNumbex" :

Figure 10.6: Demonstration of uploading user avatar
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10. Application description

B 104 Currency data

Any user can view the exchange rate available at the bank. Thanks to the
ExchangeRate-API, the bank has 162 exchange rates available.

All currencies

ba}}/api/currency-data/

Body Co tatus: 200 OK Time: 483 ms  Size: 7.08 KB

Pretty

i

Figure 10.7: Demonstration of getting available currencies
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10.5. Card creation and management

B 105 Card creation and management

The user can open a card by specifying its currency from the available 5
(Czech crowns, Dollars, Euros, Zloty, Hryvnias) and its type (MasterCard or
Visa). The card can also be refilled. The moderator can change its type, as
well as block or unblock it. A card can only be deleted by a user with the
administrator role and provided there is no loan, no deposit and the card
itself has no funds on it. Below can be seen a demonstration of creating a
card.

Figure 10.8: Demonstration of creating card

We can also refill the card by entering its pin code and the amount we want
to deposit. When the user refill the account, the amount is automatically
converted into Czech crowns. The following shows how to refill the card.

Figure 10.9: Demonstration of refilling the card
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Figure 10.10: Demonstration of the result of refilling the card
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10.6. Opening loan and Repayment

B 106 Opening loan and Repayment

The user can also take money on loan. To do this, he/she will need to specify
the currency from the available bank currencies and the amount. In addition,
the user must choose where the loan will be recorded - on the user’s card or
in his name. After that, he will be given a deadline for which he must pay it
off. The user cannot take more than one loan. Also the end date of payment
can be increased, but this can only be done by the moderator. Below is a
demonstration of how the loan is opened.

{loan/:id?option=card

Bady

Pretty LW Preview Visualize JS0OM

Figure 10.11: Demonstration of opening loan
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10. Application description

The user can pay for the loan in any currency. Upon payment, the amount
is converted to the currency of the loan. Once the loan is paid off, it will
automatically be removed from the user’s view. Below is a demonstration of
a loan.

floan/:id

s [11) Body

form-data w-www-farm-urlencoded @ raw binary GraphQL

1d”: 1,
CUTrrency
loanAmount” :

Figure 10.12: Demonstration of repaying loan
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10.7. Opening a deposit

B 107 Opening a deposit

The user can also open a deposit account. When depositing money to the
deposit account, the user must transfer money from the specified card, after
which it will be debited and transferred to the deposit account. After the
deposit time expires, the user will be able to return the money to the specified
card with a 5 percent bonus. The user can also return the amount before
the expiration of the deposit period, but the bonus will not be accrued. The
deposit can be opened in 5 available currencies. When transferring money of
one currency to a deposit in another currency, the money is converted. Below
is an example of deposit replenishment and the condition that if the money
is requested back immediately, then without the 5 percent bonus.

Figure 10.13: Demonstration of the openning deposit

69



10. Application description

dType
"Currency
"cardhumk

"reciplentTime

Figure 10.14: Demonstration of the user’s balance after opening a deposit
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10.7. Opening a deposit

DELETE
Params Authorization
Body Cookies (1)

Pretty

“swiit”:
5999 AR

"halance 5,

"cardExpirationDate

"reciplentTime

Figure 10.15: Demonstration of the deleting deposit and user’s balance
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. 10.8 Transfer to user account

Users can send money to each other’s cards. To do this, you need to specify
the sender’s ID, the recipient’s card number, the amount and a description.
Below is an example where a user with a Czech card sends money to his
dollar card. The specified amount will be converted to the currency of the
card to which the amount of money is sent. This operation cannot be done
between users. Only transfer with the same currency is available for users.

/transferf

JS0OMN

Figure 10.16: Demonstration of transferring money to another card
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Figure 10.17: Demonstration of user cards after transfer
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10. Application description

B 109 Sending messages

Users can also send messages to each other, thus communicating to solve
various issues. The following is a demonstration of how users send messages
to each other and can be seen using Kafka Message Broker.

none 'orm-data X form- & raw binary

Body

Pretty

1

dmitryl@Dmitrys-MBP kafka_2.13-3.1.@ % kafka-console-consumer --topic messages --from-beginning --bootstrap-server localhost:9092
Hello! Thank you for your transfering!
Hello! Thank you for your transfering!
Your welcome!

Figure 10.18: Demonstration of messaging between users
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10.10. Conclusion

. 10.10 Conclusion

This chapter provides an overview of the application’s functionality, covering
registration, login, photo customization, currency data retrieval, card manage-
ment, loan handling, deposit management, money transfers, and messaging.

It demonstrates the application’s versatility and usability across different
scenarios.
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Chapter 11
Testing

In this chapter, the processes of testing an application are studied in detail.
Testing is one of the major factors in application development. Tests can be
used to check various scenarios in an application and if any errors are found,
they can be fixed. The purpose of testing is to verify that the application
performs the required functions and that the application itself works without
any errors. In the chapter, the types of testing are analyzed and a comparison
is made between one of the banks and the application.
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11.

Testing

B 11.1 Serverside testing

The server side of an application plays a key role in its functionality, so
thorough testing is necessary to ensure that it meets user expectations. For
this purpose, tools such as JUnit and Mockito are often used, which allow
testing the operability and reliability of the code, as well as emulating various
use scenarios. Below is a demonstration of the results of application tests,
the task of which is to test the service part of the application.

WARNING: A Java agent has been loaded dynamically (/Users/dmitryl/.m2/repository/net/bytebuddy/byte-buddy-agent/1.14.12/byte-buddy-agent-1.14.

1 Running accounts.bank.managing.thesis.bachelor.rastvdmy.service.MessageServiceTest
OpenJDK 64-Bit Server VM warning: Sharing is only supported for boot loader classes because bootstrap classpath has been appended

WARNING: If a serviceability tool is in use, please run with -XX:+EnableDynamicAgentLoading to hide this warning
WARNING: If a serviceability tool is not in use, please run with -Djdk.instrument.traceUsage for more information
WARNING: Dynamic loading of agents will be disallowed

[

[
[
[
[
[
[
[
[
[

USER:
USER:
[

[
[
[
[

Running accounts.bank.managing.thesis.bachelor
Tests run: 12, Failure 0, Errors: 0, Skipped

Loan amount: 500
Loan amount: @

1
1
1
1
1

Tests run: 11, Failures: 8, Errors: 0, Skipped:

Running accounts.bank.managing.thesis.bachelor.
Tests run: 16, Failures: 8, Errors: 0, Skipped:
Running accounts.bank.managing.thesis.bachelor.
Tests run: 35, Failures: @, Errors: 0, Skipped:
Running accounts.bank.managing.thesis.bachelor.
Tests run: 12, Failures: 8, Errors: 0, Skipped:
Running accounts.bank.managing.thesis.bachelor.

Tests run: 16, Failures: 8, Errors: 0, Skipped:

by default in a future release

0, Time

rastvdmy.

0, Time

rastvdmy.

0, Time
rastvdmy
0, Time

rastvdmy.

0, Time

rastvdmy.

0, Time

Tests run: 102, Failures: 0, Errors: 8, Skipped: ©

elapsed:

service

elapsed:

service

elapsed:
.service
elapsed:

service

elapsed:

service

elapsed:

.TransferServiceTest
.CardServiceTest
.UserServiceTest
.DepositServiceTest

.BankLoanServiceTest

0.823 s -- in accounts.

0.168 s -- in accounts.

0.085 s -- in accounts.

1.390 s -- in accounts.

0.079 s -- in accounts.

0.046 s -- in accounts.

bank.

bank.

bank.

bank.

bank.

bank.

managing.
managing.
managing.
managing.

managing.

managing.

thesis.

thesis.

thesis.

thesis.

thesis.

thesis.

bachelor.

bachelor.

bachelor.

bachelor.

bachelor.

bachelor.

Figure 11.1: Demonstration of testing result during running Maven
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11.2. JUnit

B 112 Junit

JUnit is an open source unit testing framework for the Java programming
language that plays an important role in development and is used for testing
applications. JUnit offers the user a list of annotations and functions that will
allow testing different parts of the code, comparing results, error dropdowns
and more. Below is a demonstration of the JUnit testing method from the

project.

@Test =
testGetMessagesByContent_EmptyContent()

String content = "";

.getMessagesByContent(content);
(ApplicationException e)

assertEquals(e.getHttpStatus(), HttpStatus.NOT_FOUND);

Figure 11.2: Demonstration of JUnit testing
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B 11.3 Mockito

Mockito testing is a framework that is used to write tests efficiently while
using special mock objects. Thus Mockito allows user not to implement
production class objects, instead it creates a "mock" which is not an existing
object but just a shell. This makes it possible to check, for example, if a class
has been run, how many times it has been run, and much more. Below is a
demonstration of the Mockito testing method from the project.

@Test =
testCreateCard_ValidUserAndCurrency()
Long = 1L;
String = "Usb";
String = "VISA";

when ( .findById ) .thenReturn(Optional.of Dk
when ( .generateIban()).thenReturn( t: "CZ12CVUT3456781234567890") ;
when ( .generateSwift()).thenReturn( t: "CVUTCZAB");

when ( .generateAccountNumber()).thenReturn( t: "4567891230/0800") ;

Card .createCard( ,
.save( e
verify( , times( wantedNumberOfinvocations: 1)) .save(

Figure 11.3: Demonstration of Mockito testing

B 11.4 Bank vs Application

In this chapter, a table displaying the results of comparisons between the
different operations performed during the testing of the "Managing Personal
Bank Accounts" and "Monobank" applications can be found below.

80



11.4. Bank vs Application

MANAGING
TESTING TYPE PERSONAL BANK MONOBANK

ACCOUNTS

Creating User

. ~1 sec ~2 sec
Profile

Get User data ~20 ms ~1 sec

Transfer money to
another card with ~30 ms ~15 sec
another currency

Transfer money to
another card with ~20 ms ~b sec
the same currency

Transfer money to

another user ~20ms ~20 sec
Open Deposit ~20 ms -

Get Currency Data ~488 ms ~100 ms

Create card ~20 ms ~1,5 sec
Open Loan ~20 ms -

Figure 11.4: Table with the all testing speed results
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. 11.5 Conclusion

This chapter sampled the types of testing used in the application, analyzed the
comparison of application and bank testing. The following chapters describe
the next steps to improve the application and the main result of the work

performed.
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Chapter 12

Next steps

As a result of the work performed, it can be said that the application fulfills
the above described functional and non-functional requirements that were set
for the implementation of the application. It should also be noted that the
application has opportunities for improvement and is open for modifications.
The following aspects can be realized in this application:

1. Transferring the application to microservice architecture.

2. Replacing Basic Auth with OAuth 2.0.

3. Optimizing the application for a large user flow.

4. Frontend implementation using React or Angular.

5. Using Kubernetes for container management.

6. Using Cloud service.

7. Adding more choice of currencies.
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Chapter 13

Conclusion

In this bachelor’s project, the topic of the project was studied in detail,
comparisons were made with other existing analogs of applications, and
programs were selected with which the application is implemented. Then
the application was implemented using Java and PostgreSQL languages,
Spring Boot framework, caching using Hazelcast, image creation using Docker
and messenger was created using Apache Kafka. In addition, tests of the
application were written using JUnit and Mockito frameworks to test the
application and test different situations.

This analysis of the assignment gave a better understanding of the imple-
mentation of the application.

The result of the bachelor’s thesis is the design and implementation of
managing personal bank accounts.

There is also a video demonstration of the application, where it is possible
to get familiar with the main features of the project. To view the video, click
on the quote number or find the reference in the bibliography under the quote
number. |49
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Chapter 14

List of used abbreviations

IT - Information Technology

API - Application Persistence Interface
UML - Unified Modeling Language
SQL - Structured Query Language
REST - Representational State Transfer
DB - Database

UI - User Interface

JPA - Java Persistence API

OS - Operating System

JSON - JavaScript Object Notation
JVM - Java Virtual Machine

GUI - Graphical User Interface

OOP - Object-Oriented Programming
HTTP - Hypertext Transfer Protocol
TCP - Transmission Control Protocol

Auth - Authentication
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IDE - Integrated Development Environment
ORM - Object—Relational Mapping

URL - Uniform Resource Locator

DTO - Data Transfer Object

IBAN - International Bank Account Number
ID - Identification

MPBA - Managing Personal Bank Accounts
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