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Abstract

Nowadays, web applications built with free and accessible open-source technologies play crucial
roles in university education by improving their efficiency, scalability, and accessibility. They can
reduce costs and integrate tools effectively to create dynamic and accessible educational environ-
ments through enabling collaborative learning.

In this thesis, I present implementations of two web applications using various open source
software including Docker. The first web application is the Docker image generation assisting
tool (DIG-assist) for user-PC computing (UPC) system. This tool adopts Angular JavaScript for
creating user interfaces, PHP Laravel for handling logic and data models using Rest API, MySQL
database, and Shell scripting for running the whole program.

Another web application is the answer platform in Flutter Programming Learning Assistant
System (FPLAS). This platform incorporates Node.js and Express frameworks for the user inter-
face, the Flutter/Dart framework for the language environment, the Nginx web application server
for automatic Ul image capturing, and an image-based User Interface (UI) testing tool for image
comparison.

As the first contribution of this thesis, I present the Docker image generation assisting tool
(DIG-assist) for user-PC computing system (UPC).

As a high-performance, low-cost distributed computing platform for the use in university ed-
ucation, the User-PC computing (UPC) system has been studied in this group. It is based on the
master-worker model. The master accepts the computing jobs from users and assigns them to
workers for processing. To run various applications for jobs as isolated containers on personal
computers (PCs) that may have different environments as the workers, the UPC system adopts the
Docker technology to bundle every necessary software into a single Docker image when the master
sends the job to a worker.

Previously, Docker images in the UPC system were generated manually through a multi-step
process. First, a Docker file had to be created as a text file by manually typing the required Docker
instructions for the computing job. However, the previous system did not provide a dedicated
user interface for this process. Then, the Docker image was generated based on the Docker file
instructions and was saved as a tar archive file using the Docker save command. These steps were
time-consuming and required constant user involvement. Therefore, a tool to assist with Docker
image generation is essential to make the UPC system more accessible to users, regardless of users’
knowledge and experience on Docker technology.

In the implementation, to create a user-friendly dynamic Graphical interface (GUI) on a web
browser, the Angular JavaScript framework was used for the client side. For handling logic and
data models on the server, the PHP Laravel framework was adopted. Data transfer between the
browser and the server were accomplished using RestAPI. The data is stored and managed through
a MySQL database. The Docker image generated by the tool is speedily uploaded to Docker Hub
using Shell Scripting for the entire process. For evaluations, I collected 30 Docker files by reverse-



engineering Docker images from GitHub and generated the Docker images using the proposal.
The results validated the effectiveness of the proposal.

As the second contribution of this thesis, I present the answer platform in Flutter Programming
Learning Assistant System (FPLAS).

The Flutter framework with Dart programming has become popular due to its ability to create
applications for mobile, web, and desktop environments using a single codebase. To assist novice
students, my group has developed the Flutter Programming Learning Assistant System (FPLAS)
for use in university education. FPLAS is implemented in Visual Studio Code and runs within a
Docker container. Students will modify Dart source codes in Visual Studio Code based on the
exercise instructions. They can click the run button to view the output as a Ul image. After
capturing the image on their computers, they submit both the source code and the image to the
teacher through Moodle.

To help teachers check submissions from students, my group has developed an image-based
User Interface (Ul) Testing tool using Flask Python framework. It compares students’ answer
images with the correct images using ORB and SIFT algorithms in OpenCV. The results are stored
in a CSV file. However, if students submit images that are blurry, incomplete, or have incorrect
backgrounds, this tool is hard to compare them accurately. In such cases, teachers must crop and
adjust the images manually, which is a time-consuming job. Besides, the previous system had
separate implementations for students and teachers. This setup caused inefficiencies and delays.
To integrate the implementations, I designed a unified web-based answer platform that can provide
automatic feedback with the correct answers during assignments.

In this implementation, the four Docker images are managed by Docker Compose configura-
tion. This implementation reduces teacher workloads and provides more efficient solutions for
students. It incorporates the Node.js and Express frameworks for the user interface, the Flutter/-
Dart framework for the Flutter environment, the Nginx web application server for automatic Ul
image capturing, and an image-based User Interface (UlI) testing tool for image comparison. For
evaluation, I asked 10 graduate students at Okayama University, Japan, to install the implemented
answer platform on their PCs and solve five exercise problems. All students successfully com-
pleted the tasks, confirming the validity and effectiveness of the proposed system.

In future works, I will develop other functions for handling various Docker-based jobs, inte-
grating GPU support for the User-PC Computing (UPC) system, and improving advanced exercise
assignments by incorporating YOLO object detection, machine learning, and Al into the Flutter
Programming Learning Assistant System (FPLAS). Additionally, efforts will be directed toward
expanding the scalability and flexibility of the system to accommodate more users and diverse
learning environments, ensuring adaptability to a wide range of educational needs.
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Chapter 1

Introduction

1.1 Background of User-PC Computing (UPC) System

As a distributed computing platform, the User-PC Computing (UPC) system [ 1] adopts a master-
worker architecture to receive jobs at the master and run them on the workers. The UPC master
receives jobs from users manually or from application systems online, as shown in Figure [I.1]
Then, it makes the Docker images for the jobs so that they can run on worker PCs with various
environments as Docker containers. When a worker completes a job, it sends back the result to the
master.

inside )
laboratory

UPC Worker
(user-PC) ,
”

— e e e e e e e e o

— o o o

Figure 1.1: Overview of UPC System.

A user of the UPC system needs to prepare the Docker file of a plain text file by writing the
necessary Docker instructions containing the keys and the values. Thus, the user needs to learn
how to make a Docker file and how to write Docker instructions for each application as the online
GitHub projects. This can become a bottleneck for novice users at using the UPC system.

To generate a Docker image, the process involves three steps that are performed manually. The
first step is to prepare the Docker commands by converting them from the Docker file. The user
needs to create the commands that will be used to generate the Docker image. Next, the user runs
the command on the terminal to generate the Docker image. This involves executing the prepared
commands. Finally, the user saves the generated Docker image as a tar file in the file system. This
is important for future reuse and to ensure that the Docker image is available whenever it is needed.



Overall, the generation of Docker images requires careful and precise manual steps to ensure the
correct outcome.

Manual generations of Docker images has several drawbacks that need to be addressed to im-
prove the usability of the UPC system. Firstly, multiple processes have to be handled manually,
making the process tedious and error-prone. Secondly, creating a Docker file requires a certain level
of knowledge, making it difficult for inexperienced users. Thirdly, the process is time-consuming,
which can lead to delays in the deployment of Docker images. Fourthly, the storage can become an
issue when working with large Docker images, potentially leading to storage constraints. Finally,
the manual generation of Docker images cannot be processed in real-time, limiting its overall ef-
ficiency. Addressing these drawbacks is crucial for improving the efficiency and usability of the
UPC system.

1.2 Background of Flutter Programming Learning Assistant
System (FPLAS)

FPLAS [2] is a Docker-based Flutter development environment that is designed for novice stu-
dents to initiate mobile application developments while avoiding the complexities of environment
setups. Figure shows an overview of FPLAS. It includes preparing a Docker container image
with the system startup files on Docker Hub. Additionally, two system startup files for different
operating systems were added to GitHub. Sample Flutter projects are provided as code modifica-
tion exercises to guide students in using this environment. Comprehensive instructions on GitHub
were provided to assist students in effectively utilizing the system, including steps for installing
Docker and VS-Code, downloading the Docker image, connecting to the container, accessing the
exercise projects, and submitting answer files to the teacher through Moodle.

/ PC (Windows/Linux/Mac) \

-
————
- Se- [ ]
- -
- -~
- Sea. HER
- See [ 1 1 1 1 |
- -

N ot > Flutter project
@ Project
Flutter SDK

A4
\ Test Flutter App (local web server) /

Figure 1.2: Overview of Docker-based Flutter development environment.




1.3 Contributions

In this thesis, I have carried out the following research contributions.

1.3.1 Docker Image Generation Assisting Tool in the UPC System

The first contribution of the thesis is the design and implementation of a web-based Docker image
generation assisting tool (DIG-assist) [3] for the UPC system. To create a user-friendly graphical
interface (GUI) on a web browser, I utilized the Angular JavaScript framework for the client side.
For handling logic and data models on the server, I adopted the Laravel framework on PHP. Data
transfer between the browser and the server is accomplished using RestAPI. The data are stored and
managed through a MySQL database. The Docker image generated by the tool is speedily uploaded
to DockerHub. 1 used Shell scripting to speed up the entire process. To achieve higher efficiency
and flexibility in the implementation, I adopted the Model-View-Controller (MVC) design pattern,
to handle the client, server, and database separately. I selected 30 popular Docker projects from
DockerHub generated their Docker images using the tool to validate our proposal.

1.3.2 Answer Platform in FPLAS using Docker Compose

The second contribution of the thesis is the implementation of a web-based answer platform for the
Flutter Programming Learning Assistant System (FPLAS) [4] by integrating four Docker images
using Docker Compose. The primary contributions of this study are as follows:

Extension of Answer Platform for Flutter Programming: The existing web interface of the
answer platform [5] is extended and modified to meet the requirements of Flutter programming
with five exercise assignments.

Integration of Existing Flutter Environment: The existing Flutter environment is integrated
to compile Dart source code that will be submitted from students through the answer platform
interface, with the removal of the VS-Code setup.

Adoption of Nginx Web Application Server: A Nginx web application server is introduced
to automate the capture of UI images generated by student code.

Integration of Existing UI Testing Tool: An image-based Ul testing tool is incorporated to
validate student-submitted Ul images by comparing them with reference Ul images. This integra-
tion automates the validation process, ensuring objective and efficient feedback for students.

Docker Compose Integration for Four Images: The components used in the system are
packaged into separate Docker images and are combined into one image using a single Docker
Compose configuration. This setup enables data sharing among the components and simplifies
deployment and management within a Docker container.

Installation Setup and Learning Speed: The proposed solution reduces the complexity of
the installation procedure, ensures a quicker and more consistent setup across diverse operating
systems, provides immediate feedback to students, and enhances their learning speeds by allowing
them to complete assignments more efficiently compared to the existing VS-Code-based Flutter
environment setup.



1.4 Contents of Dissertation

The remaining part of this thesis is organized as follows: Chapter [2] presents adopted open source
software tools. Chapter [3|reviews user-PC computing (UPC) system. Chapter [ presents the de-
sign and implementation of the Docker image generation assisting tool (DIG-assist) and the eval-
uations. Chapter [3|reviews Flutter Programming Learning Assistant System (FPLAS). Chapter [0]
presents the implementation of FPLAS answer platform and its evaluations. Chapter [7]introduces
relevant works in literature to this thesis. Finally, Chapter [§] concludes this thesis with future
works.



Chapter 2

Adopted Open Source Software

This chapter introduces the adopted open-source software in this thesis.

21 HTML

HTML [7] is the standard language used to create and structure content on the web. It defines the
structure of a webpage by using tags or elements, such as headings, paragraphs, images, links, and
lists. HTML provides the basic skeleton of a webpage, organizing the content and linking it with
other resources, such as stylesheets and scripts, to enhance functionality and appearance.

2.2 CSS

CSS [8]] is a style sheet language used to control the presentation and layout of an HTML content.
It allows developers to specify how HTML elements should appear on the screen, such as colors,
fonts, sizes, spacing, positioning, and overall layout. CSS helps separate the content (HTML) from
the design (styling), making a webpage more visually appealing and easier to maintain.

2.3 Bootstrap

Bootstrap [9]] is one of the most popular CSS frameworks for building responsive and mobile-
first web applications. It provides developers with a well-structured grid system, pre-designed
components, and JavaScript plugins, simplifying the process of creating visually appealing and
responsive web layouts.

2.4 PrimeNG

PrimeNG [10] is a UI component library designed specifically for Angular applications. It pro-
vides developers with a comprehensive set of highly customizable and feature-rich components
that streamline the process of building modern web applications. With its seamless integration
with Angular’s features like directives, data binding, and dependency injection, PrimeNG makes
developing interactive and dynamic user interfaces more efficient.



2.5 JavaScript

JavaScript [11] is a high-level programming language used to create interactive and dynamic el-
ements on a webpage. It enables developers to add functionality such as animations, form vali-
dations, user interactions such as button clicks, and the ability to manipulate HTML and CSS in
real-time. JavaScript runs on the client-side in the user’s browser, allowing a webpage to be more
responsive and interactive without needing to reload the page. It is an essential tool for modern
web developments.

2.6 Angular

Angular [12] is a front-end framework for building single page application (SPA) using TypeScripz.
TypeScript is a superset of JavaScript and has been developed by Microsoft. It comprises a set of
seamlessly integrated libraries encompassing a diverse range of functionalities, such as routing,
form management, and client-server communications. It also allows an intuitive user interface in
a web application.

2.7 EJS

The user interface is developed using Embedded JavaScript (EJS) [13], Bootstrap, and CSS, with
managements handled by Node.js and Express.js. EJS serves as a template engine, enabling the
seamless rendering of JavaScript within HTML. It is commonly used with the Express.js frame-
work to embed dynamic JavaScript codes into HTML templates, facilitating client-side rendering
and dynamic content generation.

2.8 Node.js

Node.js [[14], an open-source server environment, is compatible with multiple PC platforms such
as Windows, Linux, and Mac OS. It serves as an interpreter and runtime environment for executing
JavaScript source codes on the server. It is versatile, supporting the implementation of both desk-
top and server applications. Consequently, developers can use the same programming language,
JavaScript, to create both the front-end and back-end of application systems.

2.9 Laravel

Laravel [15]] is an open-source server-side PHP framework designed to streamline and accelerate
web application developments. It offers a comprehensive set of built-in features, making it user-
friendly and efficient. With a modular packaging system and robust dependency management,
Laravel enables developers to seamlessly integrate additional functionalities without starting from
scratch. The framework is built on the Model-View-Controller (MVC) architecture, ensuring clear
separations of concerns. Additionally, it serves as a reliable back-end for JavaScript single-page
applications, supporting modern web development practices.



2.10 Python

Python [16] is a high-level, general-purpose programming language known for its simplicity, ver-
satility, and efficiency. It supports multiple programming paradigms, including object-oriented,
procedural, and functional programming, making it adaptable for a wide range of applications.
Widely used in web application development, data analysis, machine learning, and automation,
Python’s extensive library ecosystem and readability make it a powerful tool for research and de-
velopment projects.

2.10.1 Watchdog

Watchdog [|17]] is a Python library that monitors specified directories for file system events, such as
creation, modification, and deletion, and logs changes to the console, offering real-time feedback
on directory activity.

2.10.2 Playwright

Playwright [18] is an open-source framework for end-to-end web application testing, supporting
multiple browsers and platforms. It runs tests in both headless and headed modes, making it ideal
for automating browser interactions and Ul testing. To enhance this experience, Playwright recom-
mends using the official Playwright pytest plugin, which provides context isolation and supports
running tests across multiple browser configurations out of the box.

2.11 Flask

Flask [19] is a lightweight Python web framework designed for simplicity and flexibility. Its
modular design allows easy integrations of third-party libraries, making it ideal for both small
and large projects. It supports key features for web applications like routing, request handling, and
templating, and its active community and documentation provide valuable resources for developers
of all experience levels.

2.12 OpenCV

OpenCV (Open Source Computer Vision Library) [20] is an open-source software library that spe-
cializes in computer vision and machine learning. Designed to provide a common infrastructure
for computer vision applications, it supports a wide range of functionalities, including image pro-
cessing, object detection, facial recognition, and motion tracking. OpenCV is written in C++ and
has interfaces for Python, Java, and MATLAB, making it accessible to a broad audience of de-
velopers and researchers. Its comprehensive tools and algorithms enable the fast developments of
real-time vision applications, from fundamental image transformations to complex video analytics.
Widely used in academia and industry, OpenCV benefits from a strong community that contributes
to its extensive documentation and continuous improvement, ensuring it remains at the forefront
of computer vision technology.



2.13 Flutter

Flutter [21] is an open-source software development kit (SDK) and is widely acknowledged for
its capability in designing user interfaces, boasting cross-platform compatibility extending to iOS,
Android, web, desktop, and embedded systems. It enables developers to craft applications that
smoothly adjust to each platform while optimizing code reuse. Using a widget-based architecture,
Flutter enables swift development of high-performance apps with features such as hot reload for
real-time code-to-interface updates. Its extensive collection of customizable widgets and robust
community supports foster rapid developments, delivering visually captivating and responsive apps
tailored to diverse platform needs.

2.14 Dart

Dart [22] is seamlessly integrated with Flutter, a Google’s toolkit for creating native apps across
mobile, web, and desktop. As the primary language for Flutter, Dart offers simplicity, efficiency,
and performance, enabling developers to build visually appealing user interfaces with ease. With
the hot reload feature, developers can quickly update running apps, speeding up iterations and
experimentation. Dart with Flutter empowers developers to design high-quality apps with smooth
animations, rich interfaces, and top-notch performances across platforms, while reducing develop-
ment time and maintaining code consistencies.

2.15 MySQL

MySQL [23]] is an open-source relational database management system (RDBMS) that is based on
Structured Query Language (SQL). It is widely used for storing, organizing, and managing data in
a structured format. MySQL enables users to create and manage databases, execute queries, and
perform data manipulation operations. It supports multiple platforms and provides robust tools
for database security, scalability, and performance optimization. Common use cases of MySQL
include web applications, data analytics, and enterprise software.

2.16 Shell Scripting

Shell scripting [24] is the process of writing and executing scripts in a shell environment to au-
tomate tasks on a Unix/Linux-based operating system. A shell script is a text file containing a
sequence of commands written in a shell programming language such as Bash, Zsh, or Sh. These
scripts can perform various tasks, including file manipulation, program execution, and system
administration. Shell scripting enhances productivity by automating repetitive tasks, simplifying
complex operations, and allowing for quick execution of system-level functions.

2.17 Docker

Docker 23] is a containerization platform that packages applications and dependencies into stan-
dardized containers, ensuring consistency across environments. Docker file [26]] is a script that



defines the steps to build a Docker image [27]], specifying the base image and required dependen-
cies. A Docker image is a portable snapshot of a whole application, including its code, libraries,
and dependencies, used to create containers. Docker container 28] is a running instance of a
Docker image, providing an isolated environment for applications.

2.18 Docker Compose

Docker Compose [29] is a tool that simplifies running applications on multiple Docker containers
with a single configuration file called docker-compose.yml. This file defines every container, or
“service”, that the application needs, including images, connections, shared storage, and necessary
ports. With Docker Compose, all the containers can be started, scaled, or stopped together, making
the management simpler and more efficient. Docker Compose is particularly useful for multi-
component applications, such as a web server and a database, allowing them to work as a single,
coordinated system.

2.19 DockerHub

DockerHub [30] is a cloud-based platform that allows developers to create, manage, and distribute
containerized applications. It serves as a centralized repository where users can store and share
Docker images, enabling seamless collaboration and efficient deployment. With features like auto-
mated builds, private repositories, and integration with CI/CD pipelines, DockerHub simplifies the
process of developing and deploying applications in various environments. It also provides access
to a vast library of pre-built images, including official images from trusted vendors, making it an
essential tool for modern DevOps workflows.

2.20 Nginx

Nginx [31] is a high-performance, open-source web server that also serves as a reverse proxy, load
balancer, and HTTP cache. Renowned for its speed and efficiency, Nginx efficiently handles a
large number of concurrent connections while consuming minimal resources. It excels in serving
static content, managing dynamic content via backend servers, and balancing traffic across mul-
tiple servers. Its modular architecture and scalability make it a popular choice for modern web
applications, enhancing performance, security, and load distribution in large-scale systems.

2.21 GitHub

GitHub [32], a web-based platform for version control, plays a pivotal role for developers globally.
Utilizing Git, an open-source version control system, GitHub facilitates hosting both open-source
and private repositories. As comprehensive suite of tools, it enables collaborations, allowing de-
velopers to efficiently manage and track changes in their code bases. Through features like pull
requests, issues, and wikis, GitHub encourages a collaborative environment where users can host,
review, and manage projects effortlessly.



Chapter 3

Overview of User-PC Computing (UPC)
System

This chapter provides an overview of the User-PC Computing (UPC) system using Docker. It is
composed mainly of two components, the UPC master and the UPC workers.

3.1 UPC Overview

The User-PC Computing (UPC) system has been studied to offer a low-cost, scalable, and high-
performance computing platform. It is based on the master-worker model. The UPC master
accepts computing jobs from users and assigns them to UPC workers to be processed. To run
various applications for jobs as isolated containers on different personal computers (PCs), which
may have different environments, the UPC system adopts Docker technology. This technology
bundles every necessary software into a single Docker image when the master sends the job to a
worker. After that, the worker executes the Docker image/job and returns the CPU time and result
back to the master.

3.2 UPC Master

The UPC master adopts Python and Docker to provide the functions such as job creation, manual
Docker image generation, and job submission. By utilizing Python’s multi-threading library, it
efficiently manages concurrent processes between the UPC master and the UPC worker.

3.2.1 Job Creation and Manual Docker Image Generation

The users upload their applications to the master’s job queue. To request running a job in the sys-
tem, a user needs to prepare a Dockerfile and write Docker instructions that specify the necessary
keys and values for each application. These instructions often reference examples from GitHub
projects. Once the Dockerfile is prepared, it is converted into a Docker image using the Docker
build command. The generated Docker image is then saved as a tar file [33]] in the file system using
the Docker save [34] command. This process requires careful and precise manual steps to ensure
the Docker image is generated correctly.
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3.2.2 Job Submission

After generating the Docker image, the job is submitted and inserted into the job queue to an
available worker in the system. The worker picks up the top job in the queue and processes the job,
utilizing its CPU resources. Once completed, the results generated by the workers are sent back to
the master for storage and further processing. This process is continued until the queue becomes
empty.

3.3 UPC Worker

The UPC worker adopts Python and Docker to provide the functions such as the job acceptance
and the job execution. A UPC worker which is connected to the UPC master is assigned its own
thread, which runs on a specific CPU core to ensure the efficient job execution.

3.3.1 Job Acceptance

After accepting the Docker images for jobs from the UPC master, the UPC worker checks the job
type and triggers to run the job as a standalone Docker container. The worker verifies that the
Docker image is correctly formatted and all the dependencies are included. Once validated, the
worker initializes the designated Docker container and begins the execution process.

3.3.2 Job Execution and Results

The job execution program in the worker loads and runs the received Docker image as a container
until the process is complete. When the process is completed successfully, the total CPU time
and results are saved in a CSV file, including job submission, acceptance, and execution details.
Finally, the total CPU time and job results are returned to the UPC master.

3.4 Summary

In this chapter, I presented an overview of the User-PC Computing (UPC) system using Docker.
I discussed the implemented functions of the UPC master and UPC worker. In the next chapter,
I will present the design and implementation of the web-based Docker image generation assisting
tool (DIG-assist).
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Chapter 4

An Implementation of Docker Image
Generation Assisting Tool

This chapter presents the implementation of the Docker Image Generation Assisting Tool (DIG-
assist). The implementation details, based on the Model-View-Controller (MVC) architecture, are
discussed.

4.1 Overview

Previous works supposed that the Docker image is generated manually in the UPC system and
the Docker file is made as a text file by manually typing the necessary Docker instructions for the
computing jobs. The dedicated user interface, however, is not offered in the UPC system. Then,
the Docker image is generated using the Docker instructions in the Docker file and is stored as the
tar archive file by using the Docker save command on the file system. Altogether, these steps are
time-consuming and require constant involvements of users. Therefore, assisting the process of
Docker image generation is an essential step to make the UPC system handy to a wider range of
users regardless of their knowledge and experiences with Docker processing.

4.2 Software Architecture

The proposed Docker Image Generation Assisting Tool consists of four components: client inter-
face [35], server, shell scripting, and database (Figure 4.1).
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Figure 4.1: Software architecture of Docker image generation assisting tool.

The Angular JavaScript framework is used to implement the client interface for View (V). It
creates dynamic graphical user interfaces [36]] with the primeNG and CSS frameworks. Angu-
lar JavaScript is the module component-based framework written by TypeScript [37]. It provides
a module component-based architecture for creating efficient single-page web applications, with
routing, services, directives, configuration environments, a built-in HttpClient module, an Angu-
larCLI command-line interface, rich built-in libraries, efficient project structures, and suitability
for single-page applications (SPA).

The PHP Laravel framework is used for Controller (C) on the server side to handle logic and
data models through RestAPI [38]]. Laravel comes with a host of rich built-in libraries, a separate
controller and data model architecture, and a configuration system that supports various services,
including database access. Additionally, Laravel enables the creation of RESTful APIs, which
are simple Application Programming Interfaces (APlIs) that enable interactions with RESTful web
services. REST (REpresentational State Transfer) transfers data using the HTTP [39] protocol’s
GET, POST, PUT, and DELETE methods.

Shell Scripting is used to run instruction commands step-by-step to generate the Docker image
from a Docker file and upload it to the designated repository in Docker Hub speedily.

The MySQL database is selected as the Model (M) to store data for the individual Docker
file instructions for the respective applications. MySQL has the schema-based architecture, which
facilitates easy data import. It is worth noting that when a NoSQL database is used, only the data
format needs to be adjusted. MySQL provides a straightforward approach to database management,
including database creation, table creation, data storage, data export, data import, and data transfer
using simple query methods such as inserting, updating, deleting, and selecting.
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4.3 Client-side Implementation

In this section, I discuss the installation setup, and the operational flow of both experience and
inexperienced users on Docker technology.

4.3.1 Installation Setup

To set up the client side, AngularCLI [40] must be installed to enable command-line usage of
Angular. Node.js must also be installed using Node Version Manager (NVM) [41]], which allows
for switching between different versions of Node.js. Angular utilizes a built-in package.json [42]]
file, with npm [43]] collecting all installed libraries into one place.

4.3.2 Operational Flow

The Docker manage module comprises five web page components: two creating pages for ex-
perienced and inexperienced users, one listing page, and two editing pages for experienced and
inexperienced users. These components are implemented with HTML for the presentation layer,
TypeScript for logic and service layers, and CSS/PrimeNG for the design layer.

For prior knowledge or experienced users as shown in Figure the ‘creating’ page provides
a dynamic user interface that suggests Docker instructions. The respective Docker instructions for
different programming languages are stored in a JSON configuration file. When a user chooses a
programming language, the instructions will appear automatically as inputs. On this page, the user
inputs the job’s name, description, operating system, and programming language. The Docker
instructions are then filled in the respective input boxes and can be modified by the user. Once
completed, the user can generate a Docker file by clicking the submission button. The Docker file
is saved on the PC and sent to the server side. Users can edit Docker file instructions and generate
a new Docker file on the corresponding editing page.
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Figure 4.2: Creating page of DIG-assist tool for prior knowledge or experienced user.

Without prior knowledge or inexperienced as shown in Figure 4.3 the creating page provides
step-by-step instructions on how to create the Docker file. On this page, the user inputs the job’s
programming name, dependency file, project folder, project version number, port number, and
application running command. After filling in the requirements, the user can click the submit
button to send the data to the server through HTTP API methods. Then, the server will filter the
requested data and then send them to the Docker Template Engine (DTE) to generate the Docker
file. Users can edit Docker file instructions and generate a new Docker file on the corresponding

editing page.
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Figure 4.3: Creating and Updating pages of DIG-assist tool for without prior knowledge or inex-

perienced user.

The listing page as shown in Figure[d.4]displays a table with columns for the name, description,
status, and action for each Docker file by fetching the data from the the database.

16




Shell scripting will ran Docker File to build

DockerFile Listing DockerImage until upload to the DockerHub
.~ Docker Image
i 1
i @ dockerhub /
T
ID Name Description Status Action
|
) = =
1 Java Project Java DockerFile ( ready ) @
2 CNN CNN DockerFile (" ready ) @
./- -\\
3 Palabos Palabos DockerFile ( ready ) @
4 DMTCP Distributed MultiThreaded CheckPointing [/ ready \'] detail
5 Openpose-GPU Openpose GPU DockerFile \’ ready \] @
S ey
Showing 1 to 10 of 30 entries 1 2 3 > ¥ 5 v ‘

Figure 4.4: Listing page of DIG-assist tool.

The user can search or filter with two option such as name and status in the listing of generated
Docker files. The data are displayed page-by-page automatically using pagination. The status
column includes a “ready” button that runs Shell Scripting to generate a corresponding Docker
image and push it to Docker Hub. The status column includes a “pushed” button that runs Shell
Scripting to update a corresponding existing Docker image and push it again to Docker Hub. 1f
the status column changed a “updated” button, it cannot update the Docker file and generate again
a corresponding Docker image by running Shell Scripting to push it to Docker Hub. The action
column has a “detail” button that redirects the user to the editing page to view the Docker file
instructions.

4.3.3 Specific Features and Functionality

As for the specific features and functionality of the DIG-assist tool, I offer a range of capabilities
for experienced and inexperienced users.

For experienced users, they have access to predefined Docker instructions through a JSON
file, the ability to add and remove new instructions, support for key selection, and a custom
function (Listing 1)) to convert JSON format to Docker format.

For inexperienced users, the tool offers options for single or multi-programming selection,
uploading project folders and dependency files, Docker instruction hints, and user guides. Addi-
tionally, the DIG-assist tool provides one-click submission for generating Docker files and image
generation with shell scriptings for Linux, Windows, and MacOS operating systems. The tool also
includes support for Docker image uploading to Docker Hub using a Shell Scripting. Overall, the
DIG-assist tool has a lot of useful features that can make Docker file creation and management
much easier.
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Listing 4.1: Custom function.

1

) /-.': *

3 * Format Docker File

4 * @param instructions

5 %

6 formatDockerFile(instructions: any) {

7 let obj: any = [];

8

9 instructions.forEach((element: { key: any; value: any }) => {
10 let keys = element.key;

11 let values = element.value;

12 for (var i = 0; i < instructions.length; i++) {

13 objlkeys] = values; // modify key pair style
14

15 b;

16

17 let str = JSON.stringify({ ...obj }); // object to JSON
18 let format = str.replace(/[{}]|@ @/g,’ " ).replace(/" :"/g,” ")
19 .replace(/","/g,” \n’).replace(/" /g, ') ;
20 return format;
21 }

I developed five web pages to support the creation, listing, editing, and deletion of Docker
files. To address the CORS issue between the client and server, I added API support and a Docker
Template Engine (DTE) through the HTTP protocol, along with data validation between HTTP
requests and responses. Additionally, I implemented data model handling between the server and
database, with support for multiple database systems.

4.4 Server-side Implementation

In this section, it is mainly composed of three portions: installation setup, operational flow, system
operation.

4.4.1 Installation Setup

On the server side, the Laravel framework must be installed using Laradock [45] as the complete
PHP [46]] development environment for Docker, which provides support for various pre-configured
services commonly used in PHP development. As a software package collection, Laravel supports
the built-in composer.json [47] file for managing dependencies.

4.4.2 Operational Flow

Generally, Laravel is divided into two parts, the Controller portion to manage the control logic
between the client and server, and the Data model portion to transfer data between the server
and the database. To handle the Controller portion, I have created five Application Programming
Interface (API) routes utilizing Rest APl HTTP methods. These include the ‘create’ API route
to generate a Docker file using the POST method, ‘getAll’ API route to retrieve the Docker file
from the database using the GET method, ‘getDetailByld’ API route to retrieve the Docker file
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by id using the GET method, ‘update’ API route to update the Docker file by id using the PUT
method, and ‘delete’ API route to delete the Docker file by id using the DELETE method. To fix
the CORS issue between the client and server sides, I have implemented CORS middleware in all
API routes. This issue arises due to permission requirements when the client connects to the server
with different domains for URL through HTTP requests.

I set up the database along with three tables for applications, programming, and application
instruction mapping to store the Docker file for the project. To establish a connection between
the Laravel data model and the MySQL database, I utilized the built-in MySQL database driver
configuration provided by Laravel. Once the connection is established successfully, data can be
transferred from the data model to the database for storage.

4.4.3 Docker Template Engine (DTE)

For users without prior knowledge or experience, it provides a Docker Template Engine (DTE) that
simplifies the process of creating a Dockerfile. After receiving the input data from the create or
update forms, the Docker Template Engine (DTE) (Figure |1.5)) prepares plain Dockerfiles with cus-
tomizable parameters for various programming languages and networking, and other environments
such as C++, PHP, Python, Java, JavaScript, OpenPose, OpenFoam, Palabos and NS-3 simulator.

The engine dynamically inserts the required parameters into the Docker file based on the input
data. Once the template customization is complete, the Docker Template Engine (DTE) generates
the final Docker file and stores it in both the file system under specific project names and the
database.
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Figure 4.5: Docker Template Engine (DTE) for without prior knowledge or inexperienced users.

4.5 System Operation

The operation of the system involves three main components: client and server interaction, the
Docker Template Engine (DTE), and server and database interaction. Each part is detailed below.

4.5.1 Client and Server Interaction

Creating and editing a Dockerfile requires time and effort from users. Initially, users fill in or update
input data on the client side. The client-side application first converts the input from JavaScript
format to JSON format, as the server accepts data only in JSON format. This conversion ensures
proper communication between the client and server, as JSON is the standard data exchange for-
mat.

When users submit the data by clicking the submit button, the client sends the JSON data
payload to the server using the POST method through the create route of the REST API. For
viewing purposes, the client requests the listing API route via the GET method to retrieve and
display multiple Dockerfiles in a table format. The table includes rows, columns, pagination, and
actions like Detail and Delete.
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For editing a specific Dockerfile, the client redirects to the edit page by calling the getDetail-
Byld route through the GET method and passing the Dockerfile ID. Once changes are made, users
submit the updated data via the update route using the PUT method. If users decide to delete a
Dockerfile, the client calls the delete route via the DELETE method to remove the file from the
database.

To generate a Docker image, users click the Ready button on the Dockerfile listing page. This
action triggers the server to execute shell scripting commands that create the Docker image and
push it to Docker Hub.

4.5.2 Server and Database Interaction

The server validates data received from the client and interacts with the database to manage storage
and retrieval of Docker file records. Upon receiving a request from the client, the server validates
the input data and stores it in the database. For listing purposes, the server retrieves all Docker files
using the getAll route through the GET method and sends the data back to the client for display in
a table format.

When users edit a Docker file, the server processes the request through the getDetailByld route
to fetch the corresponding record from the database. Updated data is sent via the update route
and saved in the database using the PUT method. Similarly, the delete route processes requests
to remove a specific Dockerfile from the database based on its ID. The server also executes Shell
Scripting to handle Docker file conversion to Docker images. These images are stored in the file
system and pushed to Docker Hub for use in various environments.

4.6 Database Implementation

In this section, it is mainly composed of two portions: MySQL Database [48|] connection and three
tables application.

4.6.1 MySQL Database Connection

To manage the database in the tool, I adopted to use MySQL. I started by creating a MySQL user ac-
count and establishing a connection between the server and the database using the built-in MySQL
database driver configuration in Laravel.

4.6.2 Three Tables Creation

Next, I set up three tables in one database: the application table as shown in Figure §.6| for storing
application information, the programming table as shown in Figure for storing programming
language information, and the application instruction mapping table as shown in Figure for
storing Docker instructions related to the application table ID.
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1o SELECT * FROM funabiki docker manage.application;

ResultGrid [} 4% Filter Rows: () Eit @@ Eb B Ewort/mport: B & Wrap Cell Content: 1

# id name description os type programming image status status created by created date modified by modified date
1 NPLAS nplas description 1 1 1 1 2022-09-09 ... 2022-09-090...
2 2 EPLAS eplasdescription 2 1 1 0 2022-09-09 ... 2022-09-090...
' omm o [ T |

Figure 4.6: Application table structure.

1le SELECT * FROM funabiki docker manage.programmings;

Result Grid HH 43 Filter Rows: (@) Edit: g8 E& [E- Export/import: Eg
# id name type status created_ by created_date modified_ by modified_dat:
1 1 javascript 1 o] 2022-09-0... 2022-09-09...
- 2 java 1 0 2022-09-0... 2022-09-09...
3 3 php 1 ] 2022-09-0... 2022-09-09...
4 4 python 1 ] 2022-09-0... 2022-09-09...
5 5 rubyonrails 1 0 2022-09-0... 2022-09-09...
6 6 nodejs 2 ] 2022-09-0... 2022-09-09...
T 7 laravel 2 ] 2022-09-0... 2022-09-09...
8 8 django 2 0 2022-09-0... 2022-09-09...
= (i ]

Figure 4.7: Programmings table structure.
B ¥ §F 60O ® © © [@ Lmitto1ocorows ~ % < @ [ =

1e SELECT * FROM funabiki docker manage.application instruction mapping;

ResultGrid 4% Filter Rows: (&) Edit g& [E& E- Export/import: B T Wrap Cell Content: I

# id application_id instruction_key id instruction_value  status created by created date modified by modified dat
1 1 1 1 node:12.18.1 0 2022-09-0... 2022-09-09...
2 2 1 12 NODE_ENV=prod... 0 2022-09-0... 2022-09-09...
3 3 1 13 lapp 0 2022-09-0... 2022-09-09...
4 4 1 14 ['package.json', 'pa... 0 2022-09-0... 2022-09-09...
5 5 1 15 npm install --produ... 0 2022-09-0... 2022-09-09...
6 6 1 14 . 0 2022-09-0... 2022-09-09...
7 7 1 16 ['node’, 'server.js'] 0 2022-09-0... 2022-09-09...
* rue | [ru |

Figure 4.8: Application Instruction Mapping table structure.
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4.7 Evaluation

For evaluation, I measured the CPU time required to run Docker images/tasks in various environ-
ments on a UPC worker with an Intel® Core™ i9-10900K CPU @ 3.70 Hz with 20 cores and
64GB RAM. To assess the validity and effectiveness of the Docker Image Generation Assisting
(DIG-assist) tool, I conducted a series of evaluations.

4.7.1 Evaluation Setup

First, I selected 30 popular projects and downloaded the corresponding Docker images from online
GitHub or Docker Hub. Next, I created Docker files for these images by reversing them with
alpine/dfimage Docker image that can regenerate Docker file from existing Docker image . The
parameters for the Docker instructions in the files were collected from the JSON files stored in
Docker Hub for each selected project. These parameters were used as inputs on the Docker file
generation page of the tool. The resulting Docker files were saved in both the file system and the
server’s database and could be viewed on the Docker file listing page.

Finally, I generated Docker images by clicking the corresponding button on the page, which
ran the Docker build shell scripting commands. These images were then saved as tar files using
the Docker save command and could be used as jobs in the UPC system.

To compare the efficiency between manual and generation assisting tools of Docker files and
images, I conducted a study on a load of generating a Docker file in the conventional approach
versus the load of generating the same file speedily using the proposed tool. In the manual gener-
ation approach, the user is required to locate and input the corresponding Docker instructions into
a text file (Listing 4.2). In contrast, the DIG-assist tool approach only requires the user to input
or select the necessary parameters on the input page of the DIG-assist tool, followed by a simple
button-clicking process to generate the Docker file and image. The results of this study showed
that the DIG-assist tool process significantly reduced the time and effort required for Docker file
and image generation, indicating that the DIG-assist tool can greatly enhance the efficiency of the
Docker image generation process.
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Listing 4.2: Docker file example.

FROM openjdk:16—slim—buster
MAINTAINER lynnhtetaung @s.okayama—u.ac.jp

RUN apt—get update; apt—get install —y curl \
&& curl —sL https;j/deb.nodesource.com/setup_16.x | bash — \
&& apt—get install —y nodejs \
&& curl —L https:/www.npmjs.comfinstall.sh | sh

[c IR B Y A S

—_—
—_ O O

WORKDIR /usr/src/app

—_—
w N

COPY . /ust/src/app

—_—
(N

RUN npm install

—_
=)}

EXPOSE 4000

—_ = =
O o0 3

CMD [‘npm’, ‘start’]

4.7.2 Result and CPU Time for 30 Docker images

By conducting this setup procedure, the proposed DIG-assist tool successfully generated 30 Docker
images for the projects corresponding to the Docker files on Docker Hub. Table 4.1] which shows
that the measured CPU time and size required for all projects was less than 20 seconds.
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Table 4.1: CPU time and size results of various Docker projects.

No. Project Name CPU Time (hh:mm:ss) Size of Docker Image
1  CFD-OpenFOAM 00:00:07 1.2 GB
2 CNN 00:00:04 450 MB
3 Palabos 00:00:04 77.8 MB
4  DMTCP 00:00:05 131 MB
5  Openpose-GPU 00:00:14 3.383 GB
6  NS-3 Simulator 00:00:16 3.66 GB
7  NPLAS 00:00:06 578 MB
8  Flask 00:00:03 76 MB
9 Django 00:00:05 436 MB
10 Java]DK 00:00:03 464 MB
11 Node.js 00:00:11 1.25 GB
12 OpenPose 00:00:18 4.09 GB
13 MongoDB 00:00:06 695 MB
14 GCC 00:00:11 1.92 GB
15 RubyOnRails 00:00:03 174 MB
16  Golang 00:00:07 302 MB
17  PostgreSQL 00:00:04 377 MB
18 ReactNative 00:00:15 2.6 GB
19  Flutter 00:00:15 2.2GB

20 Nginx 00:00:04 142 MB
21 Laravel 00:00:07 726 MB
22 Vuejs 00:00:08 535 MB
23 Ruby 00:00:12 174 MB
24 Apache 00:00:05 143 MB
25 Angular]S 00:00:04 133 MB
26 ASP.NET 00:00:03 122 MB
27 CakePHP 00:00:05 145 MB
28  Svelte 00:00:07 709 MB
29  SpringBoot 00:00:04 146 MB
30 Tornado 00:00:03 112 MB
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4.7.3 Security Issues and Challenges

The proposed system incorporates a middleware layer using the PHP Laravel framework to val-
idate all incoming data from the web interface, which plays a crucial role in preventing security
vulnerabilities. The middleware acts as a gatekeeper, intercepting requests before they reach the
core application logic. This ensures that only well-formed and validated data is processed by the
system.

To validate the data, we use Laravel’s built-in validator service, which provides a robust mech-
anism to ensure that all required fields are correctly filled, and that no missing or malformed data
enters the system. The validator also checks for consistency in data types and format, which helps
prevent malicious users from submitting harmful payloads. This validation layer is particularly
critical in blocking fake inputs and malicious scripts that could compromise the integrity of the
system.

Additionally, Laravel’s validator service includes support for custom validation rules, which
can be tailored to specific security requirements. This helps mitigate risks such as SQL injection,
cross-site scripting (XSS), and other common web application vulnerabilities.

Together, these two layers of security-input validation and custom rule enforcement-form a
strong defense against unauthorized data. By ensuring that only clean, valid, and secure data is
accepted into the system, these layers help prevent potential attacks and ensure that the data used
to generate Docker images is safe and accurate. This significantly contributes to maintaining the
overall integrity and trustworthiness of the system.

4.8 Summary

In this chapter, I presented an implementation of the Docker image generation assisting (DIG-
assist) tool. 1 discussed the overview, software architecture, implementation details and evaluation
of DIG-assist tool. In the next chapter, 1 will review the overview of the Flutter Programming
Learning Assistant System (FPLAS) .
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Chapter 5

Overview of Flutter Programming Learning
Assistant System (FPLAS)

This chapter reviews Flutter Programming Learning Assistant System (FPLAS) that consists of the
answer platform, Flutter development environment, and the image-based Ul testing tool. Docker
was utilized to efficiently distribute each application to a large number of students.

5.1 Overview

In this section, I introduce the browser-based answer platform that supports Java and Python pro-
gramming language exercise assignments for the students by using Docker and Node.js, the Flutter
development environment based on Visual Studio Code with a remote development container and
docker-compose.yml settings, and the image-based Ul testing tool that allows a teacher to validate
the accuracy of a student’s answer image compared to correct answer images using the Python
Flask framework, as well as the SIFT and ORB algorithms of the OpenCV library.

5.2 Answer Platform

The answer platform is a web application that was developed using Node.js and the Express.js [49]]
framework, designed to help novice students complete programming exercises while tracking their
learning activities through a personal platform. It follows the Model-View-Controller (MVC) archi-
tecture. Currently, it supports Java and Python programming. For the model (M), the Java/JUnit
framework is used to execute tests of answer source code in code-writing problem (CWP) for Java,
while the unittest framework is used for the same purpose in Python. For the view (V), EJS is
adopted. For the controller (C), JavaScript is used.

5.3 Flutter Development Environment

The Flutter environment is a Docker-based Flutter development environment that was designed
for novice students to create mobile applications without requiring a complex setup. It offers a
pre-built Docker container and system startup files on GitHub, along with sample Flutter projects
and comprehensive setup instructions. To begin, students need to install Docker and VSCode [50],
import necessary extensions, and obtain the Docker container. They can download or clone the
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GitHub project, open it in VSCode, and activate the Flutter environment. Once connected to the
web application server of this Flutter environment, students can solve the provided exercises by
transferring them to the workspace, modifying the source code by following the guidelines, and
previewing their works. Upon completions, students submit their modified code files and Ul image
outputs via Moodle or a web service to a teacher, who manually assesses all the submissions by
executing the source code and checking the output UI images on their PCs.

5.4 Imaged-Based Ul Testing Tool

The image-based UI testing tool is presented to automate the evaluation of Uls generated by stu-
dents’ answer images using the Python Flask framework. This method includes executing the
answer code, cropping the unnecessary black borders, capturing the output Ul image from the
code manually, and comparing it with the corresponding correct UI image generated by running
the model code for each exercise assignment. To perform this comparison, the ORB (Oriented
FAST and Rotated BRIEF) |51] and SIFT (Scale-Invariant Feature Transform) [52] algorithms
in OpenCV library are used. These algorithms detect and describe unique elements in the im-
ages, enabling a robust comparison that identifies similarities and differences with high precision.
By automating the UI testing process, this method significantly reduces the grading workload of
a teacher, improves assessment accuracy, and provides timely feedback to students. This setup
makes it easier for a teacher to evaluate a large number of student results automatically while
offering individualized feedback.

5.5 Summary

In this chapter, I presented an overview of the Flutter Programming Assistant System (FPLAS). 1
discussed the details of the separate implemented web application systems: the answer platform,
Flutter development environment, and an image-based Ul testing tool. In the next chapter, I will
present a web-based answer platform for the Flutter Programming Learning Assistant System using
Docker Compose.
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Chapter 6

Implementation of FPLAS Answer Platform

This chapter presents the implementation of web-based answer platform for the Flutter Program-
ming Learning Assistant System (FPLAS) using Docker Compose.

6.1 Overview

In this section, I present the implementation of the web-based answer platform for the Flutter
Programming Learning Assistant System (FPLAS) by integrating the four Docker images for the
answer platform, Flutter environment, Nginx web application server, and image-based Ul testing
tool using Docker compose.

6.2 Software Architecture

Figure [6.1] presents the software architecture of proposal. It integrates the answer platform, the
Flutter environment, the Nginx web server, and the image-based Ul testing tool.

On the client side, Flutter/Dart programming exercise assignments are created by adding new
directories and files to the existing answer platform.

On the server side, the Flutter environment, where Visual Studio Code is excluded, and the
image-based Ul testing tool are integrated and enhanced with new functionalities for monitor-
ing file changes, capturing output Ul images automatically, compiling a Flutter source code into
JavaScript, and transferring the generated JavaScript code to the Nginx web server’s configuration
directory. This setup displays three images such as the student’s answer image, the correct answer
image, and the image highlighting the differences between them with red boxes.

The Nginx web server is newly utilized to render the compiled JavaScript code from the Flutter
environment, allowing the output UI image to be displayed. This step is necessary because built-in
Flutter commands like ——chrome and ——web-server cannot be executed directly in the browser
using a Docker setup. Overall, the four Docker images are created and run as multiple containers
using a single Docker compose configuration.
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Figure 6.1: Software architecture of a web-based answer platform for the FPLAS.

6.3 Client-side Implementation

In this section, I present operational flow and answer platform of Flutter Programming Learning
Assistant System (FPLAS).

6.3.1 Operational Flow

On the client side of the FPLAS, the answer platform was enhanced with four extensions, as
shown in Figure [6.2] First, the theme color and user interface (UI) designs were updated to a blue
theme using CSS styling and the Bootstrap framework, improving user engagement compared to
other programming exercises for Java and Python. Second, an input text box was added to the
homepage for a student to enter their student ID, which is sent as one of the input parameters to
the server and stored in the browser’s local storage. Third, a new fplas.js file was created under the
route directory specifically for Flutter to prevent structural duplication with other programming
languages like Java and Python. This file manages data transfer to the view by following the
Model-View-Controller (MVC) architecture.
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Figure 6.2: Client-side code structure (left) and home page (right) for the FPLAS.

6.3.2 Answer Platform

In this section, new web pages for one set of exercise problems, named Flutter CMP (Code Mod-
ification Problem) Basic, were created in the ‘views’ directory to handle the data manipulation
through a JavaScript controller. The Flutter CMP UI consists of two layouts, as shown in Fig-
ure [6.3] The left side of the UI displays the instructions for modifying the sample source code.
The right side hosts a source code editor that is adopted by the CodeMirror library [53]]. Once the
code is modified following the user guide, a student clicks the ‘Run’ button to submit the student
ID and the modified code to the server via the HTTP POST method using the REST API. The server
validates and processes the input step by step, generating an HTML template response. If there are
no errors, a successful message in a HTML template is returned. Otherwise, a HTML template with
an error message is sent back.

Then, the result is displayed in a dialog box, showing the three images: the student’s answer
image, the correct answer image, and the difference-highlighting image. This allows a student to
compare the answer code’s output with the correct solution, as shown in Figure [6.4] To achieve
a full score of 100%, a student must continue modifying the source code until the answer image
fully matches the correct answer image.
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Figure 6.3: Exercise 5 assignment for the proposed answer platform.
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Figure 6.4: Highlighting differences with red boxes for incorrect answers in Exercise 5.
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6.3.3 Five Flutter Exercises

In this subsection, I introduce five simple Flutter projects as exercises for novice students to start
learning Flutter/Dart programming. These exercises cover basic Flutter widgets and components
to help students learn how to build interactive user interfaces. Each exercise includes the sample
source code, the corresponding output UI, and the expected result. The task descriptions for the
exercises are as follows:

e Exercise 1 — Container: Modify the card’s text, color, size, and text color as shown in

Figure 6.5

Output in sample source code Expected result

(¥ TNV —2T—KEDHH) Uit S BHR)

Exercise 1- Contalner Exerclse 1- Contalner

l» Flutter

Modification guidance ({ZIEH 4 &> X)

Card Text ( Flutter)
Card Color ( Blue)

Card size (400 x 400)
Card Textcolor ( White )

H— RKTFF X b (Flutter)
H—RHZ—(F)

H— R4 Z (400 x 400 )
H—EKEFFZA+HZ—(A)

N2 2 27
Vv

Figure 6.5: Exercise 1 - Container Assignment.

o Exercise 2 — ListView: Rearrange the given items from ascending order to descending order
as shown in Figure[6.6]
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Output in sample source code Expected result

(Y7 vy —2a—Kotih) (B s h255)

1 [tem 1 % 4 Item 4 v
This is the sublitle for item 1 This is the sublitle for item 4
[tem 2 " [tem 3 C
This is the sublitle for item 2 Thisis the subitle for item 3

3 tem 3 N 2 Item 2 v
This is the sublitle for item 3 This s the subitle for item 2
[tem 4 " »' 1 Item 1 v
This is the sublitle for item 4 This s the subitle for item 1
tem 5 5 [tem 0 v
This is the sublitle for item 5 This is the sublitle for item 0

Modification guidance ([ZIES [ & > X))
- Show list in descending order > UXMZERIETER
-  Modify icon from arrow direction 5> T3V RRIAINEREHNDIERE(CTE
to favorite

Figure 6.6: Exercise 2 - ListView Assignment.

o Exercise 3 — Horizontal ListView: Change the list from horizontal to vertical and ensure
that each colored container has dimensions of 150 x 150 x 150 as shown in Figure[6.7]
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Output in sample source code Expected result

(YT VY —23— KD N) (M S BHR)

Exercise 3 - Horizontal ListView Exercise 3 - Vertical ListView

g

Modification guidance (fZIEH 4 &> X)

=> Change Horizontal to Vertical List > KXKEURLZEHRANIEE
=> Each size of color containers must > AS-AVTFFOEY A XIE 150 x 150
be 150 x 150 x 150 x 150 THBIDEHHWET

Figure 6.7: Exercise 3 - Horizontal ListView Assignment.

e Exercise 4 — Bottom Navigation Bar: Navigate from the business page to the home page,
which should contain an icon, text with a font size of 40, and a button with a font size of 30
as shown in Figure[6.8]
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Output in sample source code Expected result

(¥ 7wy —2a—-FKoil) (s n268)

f

Business Page I Home Page
Come to Business Go to Home

Modification guidance (fZIE45 4 &~ X)

> EYVRAR=INER—LR=INF
#

. . > KR—ALR=J[CE. KR—L 743V,
- Home page contains Home icon, i
. R—LR=TJDTFIA (7Y kA
Home page text (font size 40) and ) \\ . .
Go to Home button (font size 30) A40) . BEU[R—-LABHI AT
(74 kA4 X30)DEENET

=> Navigate Business Page to Home
Page

Figure 6.8: Exercise 4 - Bottom Navigation Bar Assignment.

e Exercise 5 — Checkbox: Select the checkbox from the station to the university, change the
text color from red to green, and replace the station image with a university image as shown

in Figure [6.9]
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Output in sample source code Expected result

(B> 7NV —X2—EFDlHA) (I 3\ER)

Exercise 5- Checkbox Exercise §- Checkbox

University University ]

Cat Cat

tation 1] Station

Modification guidance (fEIEH1H# > X))

- Change Station checkbox to 5> EBRFTw IR IAERFFT IRy
University checkbox I RAUESE

- Show University text to red color > KPOFFIEFRBICKT

- Show University image > KPEOERERT

Figure 6.9: Exercise 5 - Checkbox Assignment.

6.4 Server-side Implementation

In this section, I present three extensions for the Flutter environment, the Nginx web server, and
the image-based Ul testing tool.

6.4.1 Flutter Environment

For the Flutter environment, the Visual Studio Code integration and the iOS/Android settings were
removed to create a lightweight setup designed exclusively for web development. The necessary
files and directories of the code structure shown in Figure [6.10] along with their roles, are as fol-
lows:

e .dart-tool and .idea: These handle extensions, XML files, and the cache required for the
Flutter engine to run.

assets: This stores the images and fonts used in a Flutter project.

test: This contains the test files for unit testing.

web: This stores icons, favicons, index.html, and manifest.json required for Flutter in web
development.

lib: This stores the Flutter/Dart source code sent from the answer platform as a main.dart file.
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e build: This stores the obtained JavaScript files after compiling the main.dart file, which
contains the Flutter/Dart source code from the ’lib’ directory.

e pubspec.lock: This manages the lock files for the library packages defined in pubspec.yaml.

e pubspec.yaml: This handles the package manager for the libraries and the configuration
settings of the Flutter project.

s Server-side Code Structures |

Flask’s directory Flutter’s directory
— static .dart-tool
| .idea
_pycache_
_F assets
main.py |
_ﬁ test
handler.py |
—fa web -
screenshot.py — _ I
P iib main.dart
L i

image-testing.py
build

ey pubspec.lock

—E pubspec.yaml

Figure 6.10: Server-side code structures for the FPLAS.

6.4.2 Nginx Web Server

For the Nginx web server, the official Docker image of Nginx is adopted to render the compiled
JavaScript code from the Flutter/Dart code and display the output UI images in the browser. This
step is necessary because the default Flutter running commands, such as ——chrome and ——web-
server modes, cannot directly execute the Flutter/Dart code in the browser when using a Docker
setup.

6.4.3 Image-based Ul Testing Tool Modification

For the image-based Ul testing tool, the new functionalities were implemented for file-watching
service monitoring, automatic output Ul image capturing, compiling Flutter/Dart source code to
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JavaScript, transferring the generated JavaScript code to the Nginx web server’s configuration
directory, and displaying the three images: the student’s answer image, the correct answer image,
and the image highlighting the differences between them with red boxes. The necessary files and
directories of the code structure shown in Figure[6.10] along with their roles, are as follows:

e static: This stores the necessary images, such as the correct answer image, the error image,
and the incoming screenshot image associated with the student ID.

e ——pycache——: This contains the cache files as backups for the Python files.

e main.py: This acts as the entry point of the Python application and handles the success/er-
ror status of the handers.py, screenshot.py, and image-testing.py programs by linking them
together.

e handlers.py: This provides a file-watching service to monitor the incoming Flutter/Dart
source code stored in the ‘lib’ directory of the Flutter project.

e screenshot.py: This manages the execution of the Flutter/Dart code from the ‘lib’ directory,
compiles the Flutter/Dart code to generate the corresponding JavaScript code, copies this
code to the Nginx web server’s configuration directory, renders the JavaScript code within
Nginx to display the UI output in the browser, and captures a screenshot image of the Ul
output.

e image-testing.py: This updates the Ul testing tool to display the image highlighting the
differences between the answer image and the correct answer with red boxes, using the
SIFT/ORB algorithms in the OpenCYV library.

6.5 Creation System Setup

After completing the implementation, the answer platform’s Docker image was generated by
preparing the necessary commands in the Docker file (Listing |1|in Appendix A) and uploaded to
the DockerHub repository. Additionally, corresponding Docker images were created for the Flutter
environment, the Nginx web server, and the image-based Ul testing tool by preparing their Docker
files (Listings 2H4]in Appendix A), and these were also uploaded to the DockerHub repository.

6.5.1 System Setup by Teacher

The preparation steps for the system setup by a teacher are as follows:

e Step 1: Install Python along with a virtual environment to add the required libraries, the
Flutter SDK to test the Flutter compilation, Git, Docker, and Docker Compose.

e Step 2: Prepare the Docker files for the answer platform, the Flutter environment, the Nginx
web server, and the image-based Ul testing tool with the required instructions after complet-
ing the implementation.

e Step 3: Build the four Docker images using the Docker build command, and tag each image
with the name and version number.
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e Step 4: Upload the Docker images to the Docker Hub repository using the Docker push com-
mand.

o Step 5: Prepare the docker-compose.yml file (see Listing [5in Appendix [8]) to manage the
four Docker images for running multiple containers with a single configuration.

e Step 6: Configure the directory path in the docker-compose.yml file to bind the mount be-
tween the Docker container and the host computer using Docker bind mount [54].

e Step 7: Create a project in the GitHub repository and upload all the necessary files along
with the instructions to be distributed to the students.

6.5.2 System Installation by Student

The installation steps for a student are as follows:

e Step 1: Install Docker based on the operating system on the student’s PC.

e Step 2: Pull the four Docker images using the Docker pull command from the Docker Hub
repository.

e Step 3: Clone or download the project containing the docker-compose.yml file and README.md
(user guide) from the specified GitHub repository.

e Step 4: Change the directory path in the docker-compose.yml file to the student’s PC direc-
tory path to locate the output folder containing their source code answer files after complet-
ing the assignments.

e Step 5: Run the docker-compose up command to execute the Docker images as multiple
containers using Docker Compose.

e Step 6: Navigate to localhost on port 4000 in the browser to start the system.

6.6 Evaluation

In this section, I evaluate the efficiency and validity of the proposed system for the FPLAS through
an application aimed at novice students.

6.6.1 Evaluation Setup

For the installation, I prepared the user guide in English and Japanese versions, which explains how
to install and use the platform. The guide includes instructions for installing Docker, downloading
four Docker images from the Docker Hub repository, connecting the containers with Docker Com-
pose, modifying the projects in the exercises, and submitting the answer files via Google Forms.
Each section of the document is explained using text and images to improve readability. Separate
PDF files were created for each operating system such as Windows, Linux, and MacOS.

Then, I asked 10 graduate students in the Department of Information and Communication Sys-
tems, Okayama University, Japan, to set up the development environment and solve the exercises
independently. Each of them had different skills and expertise in programming. Among them, five
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students had no prior experience in Flutter, although they possessed foundational knowledge in
programming using C, C++, Java, and Python. Consequently, the primary objective of our eval-
uation was to assess how our proposed answer platform could assist these students in effectively
adapting to and learning Flutter for mobile application developments.

Following the completion of the assignments, the students submitted their solutions for five
exercises through Google Forms. Additionally, they completed a questionnaire designed to gather
feedback and further comments on the system.

6.6.2 Result for Student Learning Experiences

First, I examined the students’ experiences related to the proposed FPLAS answer platform using
Docker and Git. Table [6.1] presents the four questions posed to the students and their responses,
which were collected via Google Forms.

6.6.3 Results and Difficult rates of Five Exercises

Next, I present an analysis of the results and the difficulties encountered by the students during the
completion of the exercises, shown in Table @ As shown in the table, all students successfully
completed the five exercises with a correctness score of 100% across all exercises, which highlights
the effectiveness of the answer platform in guiding students through the learning process. Despite
this success, varying levels of difficulty were reported by students, particularly in Exercises 2,
3, 4, and 5, with the most challenging being Exercise 4, which received a difficulty rating of
40%. Exercises 2, 3, and 5 received a moderate difficulty rating of 20%, while Exercise 1 was
considered the easiest, with no reported difficulties (0%).

This variation in difficulty levels provides valuable insights into how different types of Flutter
exercises impact novice learners. Despite the challenges, the fact that all students achieved full
correctness scores indicates that the exercises were appropriately designed to gradually increase
in complexity, allowing students to build on their understanding of Flutter concepts as they pro-
gressed. Overall, the exercises facilitated a balanced learning experience that encouraged steady
improvement and mastery of introductory Flutter development.

Table 6.1: Questions and answers on experiences related to the proposed system.

# of Students
Yes No

No. User Experience-Related Questions

Q1 Do you have any experience with mobile app development? 5

Q2 Are you familiar with Flutter programming? 4 6
Q3  Are you familiar with Git? 9 1
Q4  Are you familiar with Docker? 9 1
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Table 6.2: Results and difficulty ratings of the five exercises by the students.

Correctness
Results by Students
Exercise 1 Exercise 2 Exercise3 Exercise4 Exercise 5
Score 100% 100% 100% 100% 100%
Difficulty Rating 0% 20% 20% 40% 20%

6.6.4 Result for System Usability Scale (SUS) Questionaries

Finally, I evaluated the usability of the proposed system using the system usability scale (SUS)
[S5]. The SUS is a widely adopted and reliable tool for assessing the usability of various systems,
providing a quick yet comprehensive measure of users’ perceptions. It consists of 10 standardized
questions rated on a 5-point Likert scale, capturing both positive and negative aspects of usability.

I chose the SUS due to its ability to offer a holistic view of usability, which includes ease of
use, complexity, and users’ overall satisfaction. This contrasts with other methods, such as the
Usability Metric for User Experience (UMUX), which focuses more narrowly on specific aspects
of user experience related to usability. SUS’s broader scope allows for a more comprehensive
understanding of how users interact with and perceive the system. Table [0.3|presents the questions
used to evaluate usability and the corresponding responses from the students.
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Table 6.3: Questions and responses used to assess the system usability scale.

3
5 £
] L — o0
iz D [ 5 <
- . _ &0 = £ >,
No. System Usability Scale Questions = g = &h )
) A z. < =
- :
= 7
»n
Ql I found the system easy to use, install, and set up. 1 0 1 4
Q2 I found the system unnecessarily complex. 1 3 0 4
Q3 I thought the instructions for completing assignments 1 0 1 6
were clear and easy to follow.
Q4 I needed technical support to set up the system on my 6 0 0 2 2
PC.
Q5 I felt confident using the system without needing to 0 2 1 4 3
learn much before getting started.
Q6 I found the system slow in terms of response time. 1 2 4 2 1
Q7 The system’s feedback was helpful in guiding me to 0 0 2 6 2
correct solutions when verifying code.
Q8 I had to modify the provided source code several times 1 3 2 4 0
to get the correct answer.
Q9 I feel that my Flutter skills have improved after solv- 0 1 0 6 3
ing exercises using this system.
Q10 I am not satisfied with the overall performance of the 8 2 0 0 0

system.

Table [6.4] shows the grades for the comprehensive assessment of the system’s usability, with
system usability scale (SUS) scores ranging from 0 to 100. Among the 10 students, one student
gave a score of 15.15%, corresponding to Grade A (Best Imaginable); no students’ scores corre-
sponded to Grade B (Excellent); three students gave a score of 33.32%, corresponding to Grade
C (Good); five students gave a score of 44.69%, corresponding to Grade D (OK); and one student
gave a score of 6.82%, corresponding to Grade E (Poor). No students (0%) gave the Worst Imag-
inable (Grade F). The results indicate that 66% of the 10 students were satisfied with the proposed
system in terms of usability.
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Table 6.4: Grades Associated with SUS Scores

SUS Score Grade Rating
85 <x <100 A Best Imaginable
80 <x <85 B Excellent
70 < x <80 C Good
50<x<70 D OK
25<x <50 E Poor
x <25 F Worst Imaginable

6.6.5 Result for Analysis Between Students’ Feedback and SUS Score

I conducted a correlation analysis to explore the relationship between user experience-related ques-
tions and SUS scores for both experienced and non-experienced students, focusing on mobile ap-
plication development, Flutter, and Docker. The analysis revealed significant correlations for both
groups. Correlation Analysis 1 and Correlation Analysis 2 examined the relationships within
the mobile application development and Flutter categories, as shown in Figure while Corre-
lation Analysis 3 focused on Docker, as shown in Figure These correlations highlight the
effectiveness of our proposed system and underscore the importance of providing tailored support
to students with varying levels of expertise in development tools.
The results of the correlation analysis are as follows:

e Correlation Analysis 1: Among the six students experienced in mobile application devel-
opment, one rated it ‘Grade A (Best)’, two rated it ‘Grade C (Good)’, and three rated the
proposed system as ‘Grade D (OK)’. Students who are not experienced in mobile applica-
tion development gave mixed feedback. One rated it ‘Grade E (Poor)’, one rated it ‘Grade C
(Good)’, and two rated it ‘Grade D (OK)’. Students experienced in mobile application devel-
opment were generally positive, indicating the need for user experience improvements, while
the varied responses from students who are not experienced in mobile application develop-
ment suggest that the proposed system requires refinement to offer a consistent experience
across skill levels.

e Correlation Analysis 2: Among the five students experienced in Flutter, one rated it ‘Grade
A (Best)’, two rated it ‘Grade C (Good)’, one rated it ‘Grade D (OK)’, and one rated it
‘Grade E (Poor)’. Among the five students who are not experienced in Flutter, one rated it
‘Grade C (Good)’, and four rated it ‘Grade D (OK)’. The feedback suggests that, although
the proposed system is generally acceptable, improvements in usability and user interface are
needed, especially for less experienced users, to address concerns and enhance the overall
perception.

e Correlation Analysis 3: Among the nine students experienced in Docker, one rated it
‘Grade A (Best)’, one rated it ‘Grade E (Poor)’, four rated it ‘Grade D (OK)’, and three
rated it ‘Grade C (Good)’. The only student who is not experienced in Docker rated it
‘Grade D (OK)’. Most students found the proposed system acceptable, regardless of experi-
ence. However, the one “Poor” and several “OK” ratings from users experienced in Docker
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suggest that improvements are needed to enhance the platform’s usability, even for those
familiar with these tools.

Students' Feedback based on Mobile Development and Flutter

100
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Grade (SUS Score) ® A (85 <x<100) B (80 <x<85) C(70 <x<80) D(50<x<70) E(25 <x<50) F (x<25)
Rating ®» Bestimaginable Excellent Good OK Poor Worst Imaginable

Figure 6.11: Analysis of feedback on mobile application development and Flutter.
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Figure 6.12: Analysis of students’ feedback based on Docker.

It is noteworthy that one experienced student rated the proposed system as ‘Grade E (Poor)’
in all correlation analyses, even though this student was familiar with the tools used in the sys-
tem. This unexpected feedback suggests that there might be hidden issues or challenges with the
platform that even experienced users struggle with. It is important to look into this further to
understand what might have caused this negative response and make improvements in the future.
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6.6.6 Security Issues and Challenges

This proposal leverages Docker Compose to manage four Docker images, allowing seamless data
sharing and communication between containers through a single, unified network. By utilizing
Docker Compose, the system ensures that the various containers are properly connected and their
interactions are automatically handled. This setup simplifies the management of the Dockerized
environment and promotes efficient communication across the different services involved.

However, as with any system that involves the use of containers, security concerns arise, partic-
ularly when dealing with sensitive data such as the correct answer images used during evaluations.
Students could potentially manipulate or modify the answer images stored within the running con-
tainers, compromising the integrity of the evaluation process. To address these security concerns,
the system implements several key measures to ensure the security and authenticity of the data
being used.

e Read-Only and Encrypted Answer Images: To prevent unauthorized modifications, the
correct answer images are set to read-only and are encrypted. By setting the images as
read-only, the system ensures that no user or process can alter the images during container
runtime. The encryption adds an additional layer of security by making it significantly more
difficult for unauthorized users to tamper with or decode the answer images.

e Source Code Submission Requirement: During evaluations, students are required to sub-
mit both their source code and the corresponding answer images. This ensures that teachers
can verify whether the submitted source code produces the correct result as depicted in the
answer image. By cross-referencing the students’ code with the pre-defined correct image,
teachers can easily detect any attempts to alter the results or submit incorrect work. This
process also helps to ensure that the submitted source code aligns with the expected output,
thereby preserving the fairness and accuracy of the evaluation process.

These security measures help mitigate potential risks and ensure that the evaluation process
remains secure and reliable, protecting the integrity of both the source code and the evaluation
results.

6.7 Summary

In this chapter, I presented an implementation of the web-based answer platform in Flutter Pro-
gramming Learning Assistant System (FPLAS). 1 discussed the overview, software architecture,
client and server side of the proposed answer platform.
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Chapter 7

Related Works in Literature

In this section, I introduce related works in literature relevant to this thesis.

7.1 Generation of Docker File and Image

In [56], Kitajima et al. proposed a method to recommend the latest version of Docker image
for the automatic base image update of Docker file.

In [57], Yin et al. presented a specialized tagging approach for Docker repositories to address
the problem of automatically multi-labeling a large number of repositories.

In [58], Hassan et al. presented a novel approach to recommend updating Docker files by
analyzing software environments during software evolutions. This method tracked environment
accesses from the codes to extract environment-related scopes of both old and new software ver-
sions.

In [59], Huang et al. developed a fast-building method for accelerating Docker image to be
adopted in the efficient development and deployment of the container. They adopted a file caching
mechanism to minimize the expensive file downloading, to repeat the operations of the execution
of Docker instructions, and reuse the cached Docker image layers from the disk.

In [60]], Schermann et al. proposed a structured information method on the state and evolution
of Docker files on GitHub. They collected over 100,000 unique Docker files in 15,000 GitHub
projects and analyzed them to recommend the researchers to write best practices of Docker file.

In [61], Niist et al. suggested following the simple rules to writing understandable Docker files
for typical data science during docker image building.

In [62]], Zhong et al. proposed an automatic recipe generation system named Burner. It enables
users with no professional computer background to generate recipes.

In [63]], Lu et al. presented an empirical case study by smelling the real-world Docker files on
Docker Hub to avoid accidental deletions of important temporary files that are needed in Docker
image layer processing.

In [64]], Zou et al. analyzed the industrial 2923 Dockerized projects and a small number of
open-source software on the branches of GitHub versions control system.

In [65], Wu et al. proposed an empirical study on Docker file changes for 4110 open-source
projects hosted on GitHub. They measured the frequency, magnitude, and instructions of Docker
file changes and reported how it was co-changed with other files.

In [66], Xu et al. presented to detect the temporary file smell with dynamic and static analysis.
In the image-building process, temporary files are frequently used to import applications and data.
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Careless use of Docker file may cause temporary files to be left in the image, which can increase
the image size.

In [[67]], Zhang et al. approached an empirical study on a large dataset of 2840 projects on the
impacts of Docker file evolutionary trajectories on quality and latency in the Docker-based con-
tainerization.

In [68], Zhou et al. presented a semi-supervised learning-based tag recommendation approach,
SemiTagRec, for Docker repositories, which contains four components.

In [[69], Wu et al. presented how to enhance the project maintenance and practice Docker
file by smelling in open-source Docker-based software developments. They showed an empirical
study on a large dataset of 6334 projects to help developers gain some insights into the occurrence
of Docker file smells, including their coverage, distribution, co-occurrence, and correlation with
project characteristics.

In the range of papers [56]-[69], there are novel ideas proposed for searching online data
sources of Docker files, analyzing and updating Docker instructions to generate Docker files and
images, and storing Docker instructions using Git repositories. These ideas provide valuable in-
sights and comparison opportunities for the proposed tool’s functionality.

Additionally, the reviewed papers provide strategies for efficiently retrieving Docker files from
diverse online sources, techniques for analyzing and optimizing Docker instructions (such as static
analysis, vulnerability detection, and code pattern recognition), and best practices for managing
Docker instructions using Git repositories. These insights enable the proposed tool to build a com-
prehensive dataset, improve the quality, security, and efficiency of Docker files through automated
updates and recommendations, and utilize Git for effective version control, organization, and col-
laboration.

7.2 Software Tool

In [70], Kuflewski et al. presented a comparative study of the Laravel and Symfony PHP
frameworks, using a model that evaluates seven dimensions: features, multilingualism, system
requirements, architecture, code organization, continuous integration, and documentation. The
results demonstrate that this model helps IT developers select the most suitable PHP framework.

In [71], Horton et al. presented DockerizeMe, a technique for inferring the dependencies
needed to execute Python code snippets without import errors.

In [72], Forde et al. presented a tool repo2docker that checks the minimum requirements to
reproduce a text file by building a Docker image based on a repository path or URL. The goal is to
minimize the efforts needed to convert a static repository into a working software environment.

In [73]], Sunardi et al. presented a comparative study between the Laravel and Slim frameworks
in implementing the MVC (Model View Controller) architecture. MVC is a widely used design
pattern for interactive software systems, separating data manipulation (Model), interface display
(View), and process management (Controller) for clearer, more structured development.

In [[74], Wodyk et al. compared the performance of MySQL and PostgreSQL relational databases
in PHP applications using the Laravel framework. They evaluated query performance, including
simple queries and those with column and table concatenation.

The papers [70]]-[74] offer valuable insights for creating application tools by selecting the ap-
propriate programming frameworks, databases, and design patterns based on specific requirements.
These ideas can guide the design and generation of Docker files and images optimized for perfor-
mance, maintainability, and scalability.
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By examining these studies, the proposed tool can explore various methodologies for selecting
frameworks, considering functional and non-functional requirements, performance benchmarks,
and Docker compatibility. This will enable the tool to make informed decisions when recommend-
ing or generating Docker files and images with the most suitable programming frameworks.

Furthermore, the papers emphasize the importance of selecting the right databases based on
data size, performance, scalability, and consistency. The proposed tool can incorporate these cri-
teria when generating Docker files and images, ensuring efficient data storage and retrieval.

The comparative analysis of DockerizeMe [71]] and repo2docker [72] tools provides additional
insights into tool design. By studying these tools, the proposed tool can learn from their imple-
mentation strategies, improve its own structure, and apply similar design principles.

Overall, these studies propose methods for searching online data sources for Docker files, stor-
ing large datasets, analyzing Docker files, recommending changes, and generating Docker files
and images for selected frameworks, databases, and design patterns. They also highlight the role
of Git repositories for version control and change management. The business logic, data analy-
sis, programming language choices, system design, and testing methodologies discussed in these
papers are valuable for the proposed tool, which incorporates many of these techniques for its
implementation.

7.3 Mobile Learning

In [75]], Costa et al. focused on teaching beginner programming through interactive editors
that provide immediate output, showing that some support tools are more effective than others for
learning.

In [76], Costa et al. examined using robotics to improve programming education by proposing
a framework (dragon-robot) to address identified learning challenges.

In [[77], Ferreira et al. introduced Cognitive-Driven Development (CDD), a design technique
that helps developers manage cognitive complexity, and applied it to Flutter. Their study found
that CDD improves code quality and readability for novice developers.

In [[78]], Khan et al. discussed the global shift towards Mobile Learning (M-Learning), espe-
cially in educationally advanced countries. They outlined five key lessons in adopting M-Learning,
particularly for countries lagging in implementations, like those in the Middle East.

In [79], Crompton et al. provided a systematic review of mobile learning research from 2010-
2016, noting the growing use of mobile devices in higher education and their positive impacts on
student achievements, particularly in language instructions.

In [80], Hsu et al. used the Delphi method to identify future mobile learning research priorities,
emphasizing teaching strategies, theory development, and infrastructure.

In [81], Koole et al. introduced the FRAME model, which examines the convergence of mobile
technology, human learning, and social interaction. This model addresses modern educational
challenges like information overload and collaboration.

These studies highlight the effectiveness of mobile learning platforms, cognitive-driven ap-
proaches, and collaborative frameworks in improving programming educations across both mobile
and web-based environments.
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7.4 Collaborative Coding

In [82]], Goldman et al. presented Collabode, a web-based Java IDE designed to support
synchronous collaborations between programmers. It uses an algorithm that isolates individual
errors, allowing users to compile error-free portions of code while ignoring incomplete changes
from collaborators.

In [83]], Pathak et al. presented a real-time collaborative code editor using React, Node.js, and
Socket.10. It integrates live chat to enable seamless remote collaborations, allowing developers to
code and communicate in real-time.

In [84]], Tung et al. introduced PLWeb, a system to assist instructors in designing programming
exercises and helping students practice. It features a user-friendly editor, plagiarism detection, and
visualized learning tools to support incremental learning.

In [[85]], Feiz et al. presented focuses on identifying app screen similarities and changes using
machine learning models. Their system can detect screen transitions and interactions like dialogues
or keyboards appearing or disappearing, useful for app crawling and automation.

In [86], Wu et al. explored UI screen parsing from screenshots, allowing automated under-
standing of UI elements and their relationships. The system significantly improves screen parsing
accuracy, benefiting accessibility, task automation, and code generation.

These studies establish foundations for my web-based answer platform. Insights into collabo-
rative coding tools will guide the exercise management, while advancements in screenshot analysis
will enhance functionality, creating a comprehensive environment for effective learning and pro-
gramming exercise management.

7.5 Docker

In [87], Cito et al. discussed the importance of reproducibility in software engineering and
how Docker containers can mitigate issues related to undocumented assumptions, dependencies,
and configurations, aiding in the reproducibility of research artifacts.

In [88]], Kithulwatta et al. evaluated the performance of Apache and Nginx web servers de-
ployed on Docker, finding that both servers demonstrate high availability and comparable perfor-
mance metrics, although Apache outperformed Nginx in requests per second.

In [89], Ibrahim et al. explored the benefits of Docker and Docker Compose for deploying
multi-component applications. Their study examines the usage patterns of Docker Compose in
open-source projects, revealing that many applications utilize basic features instead of advanced
options.

In [90], Badisa et al. focused on optimizing Docker image sizes to improve resource utilization
and deployment efficiency. It discusses various techniques for size reduction, including elimi-
nating unnecessary dependencies and utilizing Nginx as a reverse proxy to enhance application
performance.

Together, these studies guide my decisions in selecting appropriate web servers, configuring
Docker and Docker Compose, and optimizing container deployment for my implementation.
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Chapter 8

Conclusion

In this thesis, I presented the implementations of two web applications for university education
using various open-source software, including Docker technology.

The first contribution presented the development and evaluation of a web-based Docker image
generation assisting (DIG-assist) tool designed to assist the Docker image generation process in
the user-PC computing (UPC) system. The tool utilizes the Angular JavaScript framework on the
client side to implement the view (V) of the MVC model for interactive interfaces. On the server
side, the PHP Laravel framework is employed to implement the controller (C) for handling HTTP
requests and responses between the client and server, while MySQL database is used to handle data
manipulations and storage for model (M). Shell Scripting is used to generate Docker files for new
jobs and their corresponding Docker images, which are then uploaded directly to the designated
location on Docker Hub. Furthermore, the tool incorporates a worker-side code modification func-
tion to enable users to modify the source code of running jobs and update the Docker image at a
worker to speed up source code changes during development. To evaluate the tool, I conducted
experiments of generating 30 Docker images using the DIG-assist tool from Docker files collected
through reverse processing from online GitHub or Docker Hub. The experiment results showed
that the proposed tool successfully generated and ran Docker images, confirming the validity of
the proposal.

The second contribution presented a personal web-based answer platform for the Flutter Pro-
gramming Learning Assistant System (FPLAS), aimed at simplifying the learning process for
novice programmers through the innovative use of Docker compose. The platform integrates four
Docker images as multi-container instances and extends three prior implementations to create a
unified learning environment. The primary goal was to address key challenges in programming
education, such as reducing setup complexity, providing immediate feedback, and supporting di-
verse operating systems, which were effectively achieved through the proposed system.

Several enhancements were introduced, such as theme color changes, additional routes, a stu-
dent ID input box, and an answer dialog box to display student answer images alongside correct
images for visual comparison. For the Flutter environment, the system incorporated a file-watching
service to monitor source code changes and automatically capture output Ul images. The compiled
Flutter/Dart code was transferred to an Nginx web application server, enabling real-time displays
of three images: the student’s answer, the correct answer, and the highlighted differences. These
features streamlined the process of verifying solutions and enhanced the feedback mechanism,
addressing the study’s goal of improving student learning outcomes.

To validate the proposed platform, I developed five exercise projects with modification guid-
ance and sample source code. These projects allowed students to practice modifying, executing,
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and verifying their code, promoting active and practical learning. The system was tested by 10
graduate students at Okayama university, where all of them successfully installed the platform
and completed the exercises. The application results confirmed the effectiveness. Additionally,
usability questionnaires revealed positive feedback, with students rating the system’s usability as
moderate to high.

In future work, I will develop other functions for handling various Docker-based jobs, integrat-
ing GPU support for the User-PC Computing (UPC) system, and improving advanced exercise
assignments by incorporating YOLO object detection, machine learning, and Al into the Flutter
Programming Learning Assistant System (FPLAS). Additionally, efforts will be directed toward
expanding the scalability and flexibility of the system to accommodate more users and diverse
learning environments, ensuring adaptability to a wide range of educational needs.

52



Appendix A

1. The file in Listing [1|defines and manages the installation of Node.js and the necessary npm
packages and dependencies required for running the answer platform, along with essential
setup instructions.

Listing 1: Answer platform Docker file.
FROM node:16-buster as base

LABEL email=lynnhtetaung@s.okayama-u.ac.jp

RUN apt-get update; apt-get install -y curl \
&& curl -sL https://deb.nodesource.com/setup_16.x | bash - \
&& apt-get install -y nodejs \
&& curl -L https://www.npmjs.com/install.sh | sh

© ® N L A LN =

WORKDIR /app
COPY . /app

8 =3

13 | RUN npm install
15 | EXPOSE 4000

17 |CMD [“‘npm’’, “‘start’’]

2. The file in Listing [2]is used for the Flurter extension. It specifies the necessary Flutter SDK
and system configurations for the container environment, extensions, and development tools.
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Listing 2: Flutter environment Docker file.

# Use a Debian-based image to install Flutter
FROM debian:latest AS flutter-build

# Install required packages
RUN apt-get update \
&& apt-get install -y --no-install-recommends \
curl git wget unzip \
&& apt-get clean \
& rm -rf /var/lib/apt/lists/*

# Clone Flutter SDK
RUN git clone https://github.com/flutter/flutter.git /usr/local
/flutter

# Set Flutter in PATH
ENV PATH=*‘/usr/local/flutter/bin:/usr/local/flutter
/bin/cache/dart-sdk/bin: ${PATH}’’

# Check Flutter installation and enable web support
RUN flutter doctor
RUN flutter channel master \

&& flutter upgrade \

&% flutter config --enable-web

# Set up the working directory and copy application files
WORKDIR /app
COPY . /app

# Install dependencies and build the Flutter web app
RUN flutter clean \

&& flutter pub get \

&% flutter build web

# Serve the built web application
EXPOSE 8080
CMD [‘“flutter’’, ‘‘build’’]

3. The file in Listing [3]is used to manage the Nginx web server. It configures the web hosting
environment for the compiled JavaScript code and is commonly used to render this code to

generate a Ul output image.

Listing 3: Nginx Docker file.

FROM nginx:1.25.2-alpine

COPY build/web/* /usr/share/nginx/html
EXPOSE 80

CMD [‘‘nginx’’, ‘‘-g’’, ‘‘daemon off;’’]
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4. The file in Listing 4|is used to configure the image-based Ul testing tool. It installs essential

O o NN U R W =

tools and libraries within the container environment to enable automated U! testing. This
setup includes Watchdog for monitoring file changes, Playwright for automatically capturing
UI output images, and OpenCV for analyzing and comparing images to assess similarity.

Listing 4: Ul testing tool Docker file.

# Use a Debian-based image to install Python and Playwright
FROM debian:latest AS python-playwright

# Install required packages
RUN apt-get update \

&& apt-get install -y --no-install-recommends \
python3 python3-pip python3-venv \
fonts-liberation libatk-bridge2.0-0 libatkl.0-0
libatspi2.0-0 libcairo2 libcups2 \
libgbml libgtk-3-0 libnspr4 libnss3
libpango-1.0-0 libu2f-udev libxcompositel \
libxdamagel libxrandr2 \

&& apt-get clean \

&& rm -rf /var/lib/apt/lists/*

# Set up a Python virtual environment and install necessary
packages

RUN python3 -m venv /venv \
&% /venv/bin/pip install --upgrade pip setuptools wheel \
&% /venv/bin/pip install flask watchdog opencv-python
Pillow pytest-playwright \
&& /venv/bin/playwright install \
&& /venv/bin/playwright install-deps

# Set the Python virtual environment in the PATH
ENV PATH=‘‘/venv/bin:$PATH’’

# Set up the working directory and copy application files
WORKDIR /app
COPY . /app

# Expose the port for Flask
EXPOSE 5000
CMD [ ‘python3’’, ‘‘main.py’’]

5. The file in Listing[5|defines and manages various Docker images and configures the services
required to run as multi-container setups for the answer platform, Flutter environment, Nginx
web server, and image-based Ul testing tool in a single file. This file is commonly used
in complex development environments that require multiple services, as it simplifies the
management of volumes, networks, ports, and bind mounts.
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Listing 5: docker-compose.yml.

services:

answer-platform:
image: lynnhtetaung/fplas-answer-platform:vl
volumes:
- /var/run/docker.sock:/var/run/docker.sock
- /usr/bin/docker: /usr/bin/docker
- /home/lynnhtetaung/Desktop/results:/app/addon/output

networks:

- app-network
ports:

- 4000:4000

flutter-environment:
image: lynnhtetaung/fplas-flutter-environment:vl
volumes:
- shared-data:/app/build/web
- /var/run/docker.sock:/var/run/docker.sock
- /usr/bin/docker: /usr/bin/docker
networks:
- app-network
ports:
- 8000:8000

nginx-server:
image: lynnhtetaung/fplas-nginx-webserver:vl
volumes:
- shared-data:/usr/share/nginx/html
networks:
- app-network
ports:
- 8080:8080

image-testing-tool:
image: lynnhtetaung/fplas-image-testing-tool:vl
volumes:
- shared-data:/app/build/web
- /var/run/docker.sock:/var/run/docker.sock
- /usr/bin/docker: /usr/bin/docker
networks:
- app-network
ports:
- 5000:5000

volumes:
shared-data:

networks:
app-network:
driver: bridge
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