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INTRODUCTION

The internship at CERCUITS provided an enriching experience for acquiring practical
knowledge and skills in the field. In this document I present a comprehensive overview
of the completed assignment at CERcuits, which involved the analysis and development
of a Stock Management System.

The assignment was undertaken during an internship period spanning from February
25th to May 26th, 2023. Saving all the documentation of the assignment in the
Confluence page of CERcuits, the space for all the IT information with a page called
“Stock Management System”.

In the next pages are covered a short overview of CERcuits and various aspects form
the assignment such as the plan of actions, project objectives, roadmap planning, and
the utilization of Agile methodology.

Additionally, it delves into the initiation phase, encompassing the selection of
application software, the design of entity relationship diagrams, class diagrams, setup
of a virtual machine.

Continuing with the evidence of the realization phase, which explores the structure of
files, web application security, database management, table creation constraints, and
data managing from new tables.

Finally, showing screenshots of the demonstration sessions, specific the first and the
last demo, to have a better idea of how the software improved not only in the logic but
also in the User Interface, based int the feedback from every demonstration meeting.




1 INTERNSHIP AT CERCUITS

1.1 CERcuits

CERcuits is a company that specializes in ceramic Printed Circuit Boards and substrates
for prototypes & small series. (CERcuits, 2023)

CERCcuits specializes in manufacturing ceramic Printed Circuit Boards with superior
temperature resistance, dimensional stability, and resistance to corrosion and
chemicals. They cater specifically to low-volume and high-mix projects, utilizing rapid
prototyping technologies and eliminating tooling costs to reduce lead times and
production expenses. CERcuits aims to simplify and accelerate the design, testing, and
validation of ceramic Printed Circuit Board materials, offering convenient online
ordering and providing design and production support when required. (CERcuits, 2023)

1.2 Assignment

The company already has an inventory system in place but is looking to have better
control over the inventory with personalized features that meet the company's specific
needs.

Here are three important points given by the company about the project, related with
what is expected from the software:

v An Automated Stock Management system to ensure greater control and
accuracy in inventory management.

v The student is tasked with conducting a comprehensive analysis using the
"should, could, nice to have" framework.

v" Additionally, an easy-to-use system is needed for scanning materials on Android
smartphones and computers to promptly update the database when a product is
retrieved using QR-codes.

It is important to mention that the requirements could be improved with or after the
analysis, and here are the most important requirements for these project:

Create a software in python for the Stock Management System.

Software shall run in a virtual machine(VM) with Linux OS of the local server.
Database for the software shall run in the VM of the local server.

Software shall run in Desktop and Smartphones.

Documentation of the software and related information.

SNENENENAN

To have access to the documentation of the company and also to can make the
documentation, the company gave me an email, with this email I was able to use all
the necessary Atlassian software.




2 INTERNSHIP ASSIGNMENT

2.1 Plan of actions

With the information that the company provided and what was expected, it was
necessary to create a plan of actions with the overview of the project. This plan was
helpful to create objectives, goals and tasks to be done, taking into account the review
and approval from my mentor.

The plan of actions had 5 steps, starting with the analysis and finishing with the
execution of task to complete the project:

1. Analysis of the requirements for the internship assignment or project.

2. Creation of the objectives to set a project planning and the time each objective
will be completed.

3. Review, corrections and approval of the objectives and project plan.

4. Creation of task to complete each objective in the time proposed.

5. Execution of tasks to complete all the objectives.

2.2 Project Objectives

To create a Project plan was necessary to first make a overview of the project
requirements, and then with this create a number of specific objectives with a general
objective.

General Objective:

e Develop a Stock Management System with automatic notifications for a better
control of the company warehouse

Specific objectives:

e Select the frameworks to create the Stock Management System using Python as
Program Language

e Select the Relational Database to be used in the Ubuntu Virtual Machine on the

Server.

Design the Relational Database for the Stock Management System.

Design the Class Diagrams for the Stock Management System.

Develop a web-browser version of the Stock Management System.

Develop a mobile version of the Stock Management System.

Complete the provided requirements from the company to the System.

Provide Documentation of the Developed Stock Management System.

2.3 Roadmap Planning

With all the objectives defined, it was possible to make goals to be achieved and set
them in a specific period of time to be completed, these goals were also split into task
for Jira.

With this roadmap was also possible to inform important events coming, like the
meetings at the University.




Roadmap Planning

2023

27-Feb 06-Mar 13-Mar 20-Mar 27-Mar 03-Apr 10-Apr 17-Apr 24-Apr 01-May 08-May 15-May 22-May

Analysis to select Frameworks

Analysis to select Database

Create first Entity Relational Diagram

Improve if necessary

Create first Class diagram

Improve if necessary

Web-app for desktop

Improve if necessary

Responsive for web-app

Improve if necessary
Continually checking requirements

ontinually adding information

Finish documentation.

Submit
school internshi. ..

Kick-off 1st meeting at Intermediate 2nd meeting at
meeting school internshi...

29-May




2.4 Agile Method

With the goals set in specific periods, it was possible to create small task to reach these
goals. The Agile Method was using in Jira, with only 3 columns to know what tasks, logs
or issues where still need to be done, which one was in progress and which one was
already completed.

Because Atlassian has Jira, Confluence and Bitbucket, it was possible to connect the
Jira dashboard with the page were all the documentation was saved and also in
Bitbucket repository with the project.

In the next image is possible to see an example of how the dashboard was looking
between the weeks 6 and 9. STMA is just the abbreviation of the first 2 letters in the
words Stock and Management, created by the Project Manager.

£ @ JiraSoftware  Yourwork~ Projectsv  Filters~  Dashboards v Teams~ Apps

Stock managment Projects / Stock managment
ez prolse STMA week 6,7,8,9
Web-. cation with: - User Authentication. - User Authorization. - Desktop Web-App running in the Server, - Res Il b i
PLANNING
2 Roa .
2 Roadmap Q @ & Epic v
B Backlog
I ‘]II Board TO DO 4 ISSUES IN PROGRESS 1 ISSUE DONE 3 ISSUES v +
DEVELOURIENT} Responsive for web-app Develope Web-app for desktop Adding a singleton class for
45 Code STMA-1: — Shewing Alerts
STMA-19 STMA-IS (alert_logger_dbm.py)
TMA-26 v
B Project pages mprove Class Diagram if
necessary
Checklist - mprove ERD if necessary
TMA-16 N
3 Add shortcut

Add Authorization to the web-
{¥ Project settings app Add Authentication to the web-
app

STMA-28

2.5 Project Status

The project is been testing by the company, and I am still adding all the information for
the documentation about all the last changes.

The testing of the methods are not completed, but mostly the web application works
without errors. However the users can always make things that were out of the
programmer mind and new bugs could be found.

The web application is working with flask which is a micro-framework that allows to
have freedom in the way to make a project structure, but it could be a good idea to
check the possibility to move to a more structured framework as it is Django. Since
both are based in python, it should not be a big problem to make the change.




3 INITIATION PHASE

This phase was during the first 3 weeks of the internship, this phase was to know
better the company, the team, the assignment, the place where I would be working
and the tools from the company I could use.

With all the information of the project, gave by the company, I started with an analysis
to provide a solution that fits with the requirements and what was expected. In total 3
meeting were done, the first one to get all the information, the second one give me
analysis and the third one for the adjusts based in feedback from the second meeting
and to have the approval of the objectives and planning.

3.1 Application Software selected

The web application was the best option to can cover the use of smartphones and
computers. The web application works like a website but with a strong program
language in the backend, in this case python. Between all the option for a framework of
python to create a web application, Flask was the option selected because it allows to
starting small and slowly add more features, being possible to have an API if it is
necessary in the future. (Pallets Projects, 2023)

Still, all the information of what software and the different possibilities, together with
the reasons of the selection, was saved in Confluence.

In the next picture is possible to see a part of the documentation of the “why” a web
application is the best option, based on the requirements. But it is also possible to see,
in the left menu, all the other tabs with more information of frameworks and the
project itself.

i & Confluence Home  Recent Spaces Teams Apps More Invite people Q Search < 0 @
IE‘ S * Web-Application in the Server that use the database.
- <
« Virtual machines The option of a direct communication between the database and and App outside of the server can be a

problem for the security of the information in the database, the best way to ensure the data is being
© S I manage in the right way is using an API.
+ Project Plan Checking the second option with a Website, APl and Android App can be the best option when we talk
about performance and security, but it is also the option that takes the longest time to be implemented.
Un e (UML) . ‘ . . ) _—
v Unified Modeling Language (UML) Besides, the second option can be implemented after created the third option, a Web-Application.

- it D 3 . . . . . . . . .
Communication Diagram A web application is for this project the best option when we talk about time to implement, security and

« Use Case Diagram scalability. All the requirements can be accomplished with this option.

+ Entity Relational Diagram (ERD)

2.1. Why a web-application?

+ Class Diagram

s ltis not necessary to download and install in device to be able to use it.
v Database
* Avoid compatibility issues, works fine for Android, 105, Windows, etc.

*+ MysSQL in Ubuntu + The web-application runs in the server with the database.

v Web Application + Easier to implement and update.

+ Ubuntu Configuration Usability Adaptabililty Assurance Cloud Development
« Python-Flask A ] __E PPPEEERRN - W - EEEEEE At

+ Flask - Backend

+ Flask - Frontend

= Structure of the files

EXTRA: MarkParamlib.ini Editor

EXTRA: odoo label format

More about web-applications, APls and Smartphone Application:

o MAE Vo Danafite af lbinh Annlicatinne for Doclnnee




3.2 Entity Relationship Diagram designed

An Entity Relationship Diagram or ERD, is very useful to know how the data will be
store and allowing a faster creation and maintenance. As it was shown in the roadmap
planning, this diagram was always being improved based on new features or improving
the tables as the web application was growing. (Visual Paradigm, 2023)

In the next picture is possible to see the documentation about the ERD for the Web
Application, this diagram shows the “"main tables”, called like that since these tables are
the one with the information to create new tables, using dynamic classes in python and
Declarative Mapping Styles of SQLAIchemy. (python, 2023) (SQLAIchemy, 2023)

fHI % Confluence Home Recentv Spacesv Teamsw Appsv Templates  Invite people Q Search * 00

1S EDIES dle TeqUITed 1O U1E WED dpDPICaUON 1O Call WOIK, dlll DECAUSE 1L WUTKS WILT IVIYDUWL 1L IS 11RO EnT

to have created a database called ‘Sto:kjdanagememt‘.

1 CREATE DATABASE IF NOT EXISTS Stock Management;

Overview

9% Blog
Main Tables for Web Application

O Space Settings
RegiaterDl Groupos

4 PK | 19 INT HOT MULL

e | lmmTnOTRULL Linkog

rame TEXT UNKIUE NOT NULL

PK | 19 INT HOT NULL

Page Approval

® Forms for Confluence

v Show more .
= NoticationDs Tabiens

T HOT ML ok | 1a T wOT MULL

z
L

rame TEXT UNKQUE NOT NULL

B reoe

= Virtual machines

<

Stock management

« Project Plan

v Unified Modeling Language (UML)
+ Communication Diagram

+ Use Case Diagram 2.1. Description of tables in Main tables for web-app ERD

- Entity Relational Diagram (ERD) * RegisterDB: To save date about the creation and modification from the tables in the database.

The column table_te is to save the name of the table (a unique name), and the column table_to_id to

+ Class Diagram
9 nat mnra Aata 2hnit tha tahle if it ic neraccans tn cearch in TahisNA

For a better understanding of the ERD in the picture, it was called the “Main Tables”
ERD, this tables only save data to create new tables in a dynamic way. There is table to
register what user made a creation or modification, another table to save information
related to notifications for the users, and all the other tables are related to the
information to create the new tables, being possible to make groups of tables, set a
name for the database and a name that the user understand, the columns and if there
is a connection or link between tables.

Another ERD were created, being “"Users” ERD made to save information about users
like username, name, password, address, etc. And another ERD called "Base
Substrates” for the logic related to store that information, but this one being created in
a dynamic way, storing the data about the creation in the main tables of the web
application.

In fact, the web application has the feature of creating multiple tables, having groups
that users can see or not depending on the role. This taking in count the necessity of
avoiding to repeat names in the database, for tables and columns within the table.

The web application also allows modification of the tables like the groups where they
belong, the table name, columns name, number of columns, type of columns and the
connections between tables, or in other words a column with a foreign key pointing to
another table.
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3.3 Class Diagram

A class diagram is necessary to have a better understanding of the logic behind the
program, to can create a better abstraction and keep a cleaner code. Allowing a faster
maintenance of the software since another developer will understand better the web
application without necessity of going to the code. (IBM, 2023)

The first diagram allows me to develop the code in a faster way, at the beginning is
easy to remember what class does what, but once that more features are added or
removed, it is difficult to remember what class has the necessary method. More when
there is heritance and relations in the classes.

=~ Class Diagram
(05 I

Page Approval + Stock Managements System - Class Diagram

APPS

1.1. Stock Managements System - Class Diagram

@ Forms for Confluence

v  Show more

E Pages
*+ Virtual machines
v Stock management
« Project Plan
v Unified Modeling Language (UML)
+ Communication Diagram g
+ Use Caze Diagram
= Entity Relational Diagram (ERD)
« Class Diagram
> Database

> Web Application

It is important to mention that in the previous picture is shown the last version of the
class diagram, this diagram changed along the time with the project, to be adapted
based in the libraries used. The biggest change happened when the library
Flask_msqldb was changed for Flask-SQLAIchemy.

At the beginning Flask_msqldb was perfect for the creation of tables in a dynamic way,
but when the project started to grow and more features were need, Flask-SQLAIchemy
was a better option, allowing using less code than with the previous library. (Ferland,
2023) (Pallets Projects, 2023)

3.4 Virtual Machine setup

The Virtual Machine works with Ubuntu, this virtual machine is working in the local
server of the company. This means that the only way to use the web application is if
the user is being connected to the local network of the company.

I will not going into details of all the configuration in the local server to allows the use
of the virtual machine in an specific IP port, since this is private information of the
company. But I can show some information about the configuration of the web
application since these only works the first time that the libraries are installed.

But part of the evidence of what was done can be seeing in the next picture, where are
located the headers of the titles from the page of “"Ubuntu configuration”. The virtual
environment works with Conda, Gunicorn is to deploy the flask application or web
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application and the System Service for the web application is a background processes

in Ubuntu to run the web application every time the Virtual machine starts. (Conda,
2023) (gunicorn, 2023) (Rendek, 2023)

i % Confluence  Home Recentv Spaces

Page Approval

v Show more

* Virtual machines
v Stock management
* Project Plan
> Unified Modeling Language (UML)
> Database
v Web Application
« Ubuntu Configuration

« Python - Flask

Apps Templates Invite people m Q Search

00

Q00O B b ES

Ubuntu Configuration

L ted: Apr 28, 2023 « ead » 1.4 Page numberingisoff » ® Requestapproval

® Intro

e Configure Proxmox VM firewall
® Python Virtual Environment
® Gunicorn

* System Service for Web Application

Intro

About the relational database, MySQL, has an easy way to be installed in Ubuntu when
it is known how to use the terminal. And all the information of the configuration was
written in Confluence. In the next picture is possible to see documentation about the
installation and configuration of MySQL in Ubuntu. (Ubuntu, 2023)

w Stock management

* Project Plan

v Unified Modeling Language (UML)
+ Communication Diagram
* Use Case Diagram
+ Entity Relational Diagram (ERD)
+ Class Diagram

v Database

* MySQL in Ubuntu

<

Web Application
+ Ubuntu Configuration
+ Python - Flask

Flask - Backend

Flask - Frontend

+ Structure of the files

T LasT UIAL 1L IS 1N TUTITIY, 1L 1S HELES3aly WU Use,

1 sudo systemctl start msql.service

2. Configuring MySQL

When it is recently installed, it is not necessary to use user and password, those will be configured in the
next steps. For now it is possible to start with:

1 mysql

Now in the mysgl terminal it is necessary to change password to the root user:

1 mysql> ALTER USER ‘root’'@’localhost’ IDENTIFIED WITH mysql_native_password BY ‘password’;
To applied the changes without restarting mysq|, it is possible to use

1 mysql> FLUSH PRIVILEGES;

It is necessary to close the mysql terminal to proceed with the last configuration.

1 mysql> exit

This part is IMPORTANT to keeping the MySQL installation secure, and it is necessary t

bt it ie et ¥V 2 “Tha nasswnrd” “Anai O Kstart

inctriictinn after writina tha nevt rammand line

3.5 Atlassian software

As it has being mentioned before, the company has the documentation saved in
Confluence, for the tracking of tasks is used Jira, and for the code storage is used

Bitbucket. (ATLASSIAN, 2023)
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Because I already cover how the use of Jira and Confluence is used within the project,
now I will be concentrated in Bitbucket. For developing the software, the web
application, is necessary to use a software of version control, and that where Git is
used, together with Bitbucket, being this last one the one which have repositories of
the software code. (git, 2023) (ATLASSIAN, 2023)

EEE u Bitbucket Your work  Pull requests  Repositories  Projects People More m Q  Search e Q @
B Cercuits
Repositories @ peisepostay
Search repositories Q Projects b Privacy v Language v Watching
Repository Description Updated ~ Builds

& gatabace =alit
B
E stack-management_web-app

StockManagment

2 days ago

Something important to mention about the initiation phase, because it was also to
make quick tests of how a framework, library or database would work, not only in the
PC for developing but also in the Virtual Machine of the Server, more than one
repository was created in Bitbucket.

In this case 2 repositories related with the web application, in the original
requirements, SQLite was mentioned to be use as relational database. But when it was
tested and together with the analysis, it results that SQLite is not a good option for the
kind of application as the Stock Management System. (SQLite, 2023)

it W Bitbucket Your work  Pull requests Repositories Projects People More m Q Search 0 0 @
- Cercuits / StockManagment / Stock-Management Web-Ap
E Stock-Management_.... & Cercuits / StockManagment / Stock-Management_Web-App
Commits Clone

<> Source

Search commits Q Is Allbranches ~
¢ Commits

Author Commit Message Date
Branches

* @ David Silva 3929338 New template and b... I develop 2 days ago
T4  Pull requests

* @ David Silva b3dbe62 Fixing some errors a... 19 develop 3 days ago
(:) Pipelines

L3 8 davidsiltroy a24b116 it will notified once ... I» develop 5 daysage
CP Deployments

+ @ Dpavidsiva 5cs0ade Updating the way to... Is develop 6 days ago
€  Jiraissues

[} 8 davidsiltroy b624%89 Created model for n... I# develop 6 days ago
m Security

t B davidsiltroy 8f415c7 Order new table dat... I# develop 7 days age
E Downloads

1 8 davidsiltroy 8ae4cob Fixed problem with ... I# develop 7 daysago
O Repository settings

1 8 davidsiltroy 53f1fa9 Possible to see data ... Ir develop 7 daysage

t B davidsiltroy 15f4aae Showing QR-code in... I# develop  2023-05-11

1 dav MERGED Merge bra... I develop
1 @ Dpavidsiv 24cdae? MainTableManager .. {» develop ~ 2023-05-10
+ M e ocAAnT P S A E T
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4 REALIZATION PHASE

The realization phase started fast and well, making me thing I will finish the project
before the expected time, I was wrong. When the first demo was created, it was
already possible to see that some important features were missing, some important
options to show in the user interface or sometimes too much information.

The documentation, related with the frameworks and diagrams, was modified multiple
times, ERD and class diagram were improve, code was improved and even a complete
library was changed because it ended up being a better option than the current library.

Multiple demos were made after every 2 weeks to show the results, what was done,
what was changed, the reason of the changes, problems discovered, feedback to
improve the application, new features to be added, etc.

4.1 Structure of files

The file structure was changing over the time, starting with the simple structure that
every small project of Flask has, to then start adding for blueprints, controller and
model. Mostly following structures of large files that the Flask documentation provides
and a tutorial from Digital Ocean (Pallets Projects, 2023) (Digital Ocrean, 2023).

The end result of the structure of files from the project is also in the documentation of
CERCcuits, this is an example of an overview of all the folders and some requirements of
libraries and configurations script.

In this way it is easier to understand where a file is, if we compare to how all the
folders and files look in VScode. The web application became a large project, so it is
very useful to have this folders structure in the documentation.
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4.2 Security for the Web Application

In the Operation System is possible to set variables, all the important information in
those variable to avoid share them when the code is being saved in the cloud, mostly if
the code will be saved in a public repository.

import os

basedir = os.path.abspath(os.path.dirname(_ file ))

' Th E s se n th nt them and not have them in the
SECRET_KEY
MYSQL_HOST
MYSQL_USER = .environ.get(
MYSQL_PASSWORD = os.environ.get(’
MYSQL_DB = os.environ.get(

Then to set the configuration is real simple and now safety, in the script where the
application is initialized it is possible to set the configuration, extensions, blueprints,
global functions, etc.

url_for
import builtir
ock_management_: automation import
controller.database_m;

ort threading

create_app():

app.config.from_object(Co
app.jinja env.globals.upd =builtins.list)

from stock_management_system.extensions import db
db.init_app(app)

app.config[" ] =db

with app.app_context():

from stock_managemen .extensions import grcode
grcode. init_app(app)

Because for CERcuits it is important to keep private their information, the web
application needs to have a user login with users role in order to allow or not the user
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to create, read, update or delete. This is also known as CRUD. (Mozilla Developer
Network, 2023)

The first feature related with the user access, was the authentication, this was done by
using the library flask_login, same that allows to add decorators in the routes which
allows access only to users with an account. But also allows to add more information to
the user itself, in this case information related with the role. (Frazier, 2023)

This library was used in almost all the routes, located in the folder “blueprints” and
using the decorators, with the decorator * @login_required’ is possible to send the user
to the login page in case they don’t have a authenticated account.

@home views.route(” ")
@home_views.route(" /")

@home views.route(" /i

thome views.route( "/
@login_regquired
home() :

And as I mentioned before, it is also possible to add new attributes and with this
attributes was possible to create new decorators. In this case, to be sure the user has a
role, which it is necessary to be able of making changes, the decorator "role_required"
was created.

ort wraps
n flask import redirect, url for
k_login import current_user

role_required(ro
decorator

wrapper(

if current_user.id in rrent_user.role_id) <

return redirect(url for({"
return fun args 5

)}

return wrapper
return decorator

So now there was a new security layer to prevent data is modified when the user has
not the necessary role. The role ID is saved in the program, with more information
about the role, like the CRUD permission, and a name that the user can understand.
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bles views.route("’,

)le_required(2)
gin_required
home() :

One advantage of the library "flask_login" is the possibility of use it in the render of
the html, since Flask use Jinja to render pages, the way to code is quite similar to
python. In this case allowing to add another level of security on the web application,
avoiding the rendering of options that the user has not access. (Pallets Projects, 2023)

ten
Tables

data-bs-conta
data-bs-toggle="
data-bs-content=
data-bs-trigg
data-bs-placement=

{{webapp_icon(

{% endif %}

group . updat rcuitsDB
current user.role id defined

And because more attributes could be set in the user class once the user is
authenticated, it was also possible to get the username at the moment of the
rendering, without extra code in the route.

webapp_icon("

. if current_user.username is defined
{{current_user.username}}

. endif %}

" d-md-none mh-
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When a user was created in the database, the password was encrypted with a library of
python called * Werkzeug', so even with the access to the database is not possible to
see what password each user has. (Pallters Projects, 2023)

DataInTable(U
r.password = generate password_hash{new_user.password)
F.db.session.add(new_user)
F.db.session.commit()

return new_user. i

error_msg

print(error_msg
return @&

Important information like the user password was not saved in any variable in the
route, even the class only was returning True or False if the password provided by the
user was right or not. At the same time the password is saved in the database using a
hash encoding.

checkUserAndPassword{self,

user = User.query.filter_ by

if user check_pa
return

return

The login page, like other parts of the web application where a form is used, has a
model of the form to be used with the library of " flask_wtf", this library allows a
flexible render of the web forms. (Jacob, 2023)

{% if form is defined %}
method " action="{{ url_for(
{{ form.csrf_token }}
Please login to your account

The model, a python class inheriting a * FlaskForm" class, define the inputs of the form
as the attributes of the class, and in this attributes is possible to user more classes of
“flask_wtf" in order to define the type of input, if data is required, max length, etc.
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The route for the login is the one that take the necessary information, when the
condition of the method post is not True, we can see that the way to implement the
form in the UI is very easy.

@user_login.route(""

alerts = []

if reguest.method == °*
cdb = Data (current_app.config[
username = request.form[” me"]
password = request.form(” .']|

if cdb.usersTables.checkUserAndPassword(username, p ord) :
user = cdb.usersTables
user_id = cd ersTables.getUserldByUsername(username )
user.id = wuser_id

role_info

user.role_id

user.role = role
user.permission = role_:
login_user(user)

return redirect{url_for("home

"Er

In the route of the user login, once the user send the information in the form, the
method post is True, then the program will check the password returning an alert if it is
wrong or setting the user information and sending the user to the home page if the
password and user information is correct.

A 0 127001

T
N 4
— p—

We are CERcuits Making it, easy!

Ceramic and other non-organic ircuits & substrates are
Please login to your account . }
9 experiencing a demand renaissance in the electronics

industry due to increased integration, complexity, and
more stringent environmental specifications. We believe
that choosing the right material can make all the

difference.
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4.3 Web Application database

The Stock Management System allows the users, with a specific role, to create new
tables. Because SQLAIchemy is used to manage the database, the tables need to be
created with a model or class. (SQLAlIchemy, 2023)

Python provides the option to create classes in a dynamic way, meaning that is possible
to create models in a dynamic way to be used with SQLAlIchemy. So now in order to
create this tables it is necessary to save the information to create the new tables, for
that are created the main models on the web application. (python, 2023)

The main models, known as the "main tables” on the web application, are the models
to create the tables that will save information in the database to then with this
information create dynamic classes and with this new tables in the database.

The models of the web application were created in based of the ERD created in the
Initiation phase, being this a big help to modify the code in a easier way when it was
necessary to add or remove specific features after every demo presentation.

name = db.Column(db.S

title = db.Column{db.String
user_role = db.Column(db.In
hide = db.Column(db.Boolean
tables = db.relationship(

= db.Column(db.Int
name = db.Column(db.S
title = db.Column{db.St (
created = db.Column(db.Boolean,defa
group_id = db.Column(db.I
columns = db.relationship
1links = db.

notifications

un
__ tablename U
id = db.Column{db.Int

A class called “MainTablesManager® had the methods to can use the main models of
the web application, this class was created and improved in base to the Class Diagram
but also in the other way around, the Class Diagram had some modifications once the
methods were created and used.

The documentation is not only written in Confluence but also in the code of the classes,
with comments and specials way to set information so the class and methods could
provide information while the program was being developed.




a w.TeI:'_esl"en;ger(BaseTab;e']enagel;):
This class is created to manage all the the main t es in the database,

: Groups, tabl columns and links.

insertion and deletion is added to register table with the

s 1

1tion

mysql: SQLAlchemy):

.register = RegisterTablesManager(mysql)
super(MainTablesManager,self)._ init_ (mysql

"All GETs in Main Tab with registering'""®
getAallDataFromGroups (self):
Return a dictionary with all the data from groups in the database

try:
groups = self.getAllDataInDict(GroupTable)
except Exception as e:
groups = {}
alert_msg = f'Error ting all the data from the groups of tables, more information about this error: {e}’
self.db_log.log alert(current_user.id,3,alert msg)
return groups

With this way to write comments in the classes and methods, every programmer that is
going to use the code in the future, can see important information about it, just
hovering the mouse over the class and method or while writing the code.

stock_manag
- . (class) MainTablesManager

from flask import u

from flask_login import curre

from flask_sqlalchemy import SOLAL

from stock_management_system.controller.database.main_tables manager import [ISiNISBICSHENSEER

from stock_management_system.controller.database.new_tables manager import NewTablesManager

from stock_management_system. controller.database.user_tables_manager import UserTablesManager

from stock_management_systen. controller.notifications.alert_logger_dbm import AlertLogger

This class is created to manage all the the main tables in the database,
the tables are: Groups, tables, columns and links. All edition, insertion and deletion is added to the register table with the user ID.

except:
user info = 1f.usersTahlas aatfurrantllcarhatal
user role id = user i (method) getAllDataFromGroups() -> dict

Return a dictionary with all the data from groups in the database

groups = self.mainTables.getAllDataFromGroups()

.mainTables = MainTablesManager(mvsal)
self.register = RegisterTablesManager (method) getTableInformationByID(table id: int) -> (Any | Literal[""])
super(NewTablesManager,self). init . 5 . N .
per( SUEErS bee — This will search for the table name with the ID of the table. Returns the table information in a dictionary.
Dictionary example:
getTableModel(self, table_id:int, tab {
Function to get the model of the tabl idint,
1 ‘name”: str,
‘title": str,
‘created": bool,

‘group_id™: int

self.mainTables .getTableInfcr‘n‘ationByID(te:l—:iic ) “name’]

columns = self.mainTables.getColumnsForModel(table id)
if len(columns) <= @:
if current_user current_user.id:

One of the functions that took more time to implement, because of the complexity of
the dynamic creation, is the function to get the model of the new tables. This functions
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has exceptions to inform the user what the error is but also to handle the error avoiding
that the program breaks.

getTableModel(self, table_id:int, table_name ="")

current_user.i
b_1 o ifice ent_user.id), "Not columns found for this table.')

.db.metadata.clear()
self.db.Model

.db.bind.metada
declarative

» column.name, column)

§ [e} at line {sys.exc_info()[-1].tb_lineno} \@33[em')
return

The method "getTableModel® has the option to use flask_SQLAIchemy and
SQLAIchemy. The main difference between the 2 libraries is that one is made to work
with the flask context, meaning that any other script out of the context that one user
has, is not going to work. This gives a problem for the automation, so SQLAIchemy is
required then, but because the class is already create to use the dynamic models, it is
better to add the option of use both libraries than create a new class for each library.
(Pallets Projects, 2023) (SQLAIchemy, 2023)

4.4 Constraints creating new tables

Because at the moment of the creation of a new table, the possibility of creating a table
pointing to another table, or better say, a table with a column with foreign keys, this
columns only had information about the value of the ID from the other table,
information difficult to read by the user and sadly a feature of SQLAlIchemy that I could
not implement with the dynamic classes.

In fact, the columns with foreign keys were columns with the INT type, to save integer
values from the IDs of the rows in the other tables. This results in the importance to
create some constraints to avoid things like the table pointing to itself.

Another constraints were related with the way of getting the data from the database,

since the foreign key values had to be replaced for the values of the rows in the other
table, it was important to avoid that any column in that table was pointing back. Or in
some cases this could create an infinite loop with the recursion of the method.
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Table A

Table A Table B

—
Table A %| Table B

Table C

Checking that the tables created followed the logic, avoiding the constraints was also a
difficult part, it was necessary to JavaScript to prevent that the user has the option to
point to the table in creation and also to handle the error in case this was not enough
to limit the user. And checking that the tables are not creating a loop, taking in mine
that it could be a connection with hundreds of tables.

new_table_fro
new_table to= int

if new_table_from == tab

return self.checkIfLinksMakeLoop{links_info,stack,new_table_from,new_table_to)

This was fixed by using recursion in the method to check that a loop is not created with
the columns that have foreign keys, checking every connection and returning a True
once a node or table was being checked twice.
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4.5 Getting data from the new tables

This process requires to first get all the data related to the creation of the table, the
name and columns information to create the model and after that not only get the
information of the table but also get the information of the foreign keys if there is any,
here is the reason why the constraints were so important in order to avoid infinite
loops.

getDataToShowInTablePage(self,table id: int):

structure:\n

Hn

newTableData = {}

newTable TableModel (t
etAllDataInD:
bleData:
[row_id].pop(‘id")

The method "getDataToShowInTablePage™ only needs the ID of the table in the
database, to then get the model and with the model the data in a dictionary. In the
second part of the method, the dictionary is updated with more data that Jinja is going
to use in the rendering, the recursion works when the column is a foreign key type, to
take the data from the table pointed and show to the user this data in a way that can
be understood, not only a row ID.

or col_id in
col_name
col defini
col _title =
for id in newTableData:
in newTableData[row_id]:

print(f'\n ata = {data} \n")
if col_defini cell_value

nTables.getTableIDbyColumnIDFromLi
etDataToShowInTablePage (int(fk_table_.
ble_data[int(cell value)]

{fk_d ol_name] k"]} {self.separator}’
'] = fk_data_to_show[ : - (1 -separat

return newTableData
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The data goes from the route to the template of the new tables. Rendering these tables
was also complicated, but the result is a table that allows the user to edit more than
one cell, even if this is a value of a foreign table, displaying a select input to change the
ID, meanwhile the user see all the option from the other table.

% for c_name in row_data %}

endif

a[ c_name "], row_data[c_name]["valu

{{row_data[c_nam

dif %}

To show how it works in the user interface, I have created two tables, one called Table
A and Table B. Table A will have a text column and a integer column, and the Table B
will have a text column and a Foreign keys column that is pointing to the Table A.

Stock Management (@) davidsiltroy

Table A

("} Dashboard

g

) [ Text column with long name ) Just number

Al Groups of Tables

&4 Evidence

Table A has now 4 rows with text and integer data, meanwhile Table B has text and a
integer data that is not shown but instead the data from the Table A based in the
integer. The string “||” is added between values of the columns from the pointed table.

Stock Management L + | () davidsiltroy

Table B =

{*} Dashboard

(] () Text testing () Connection to A

All Groups of Tables @ . text insented testing text 1]| 15

3 Evidence
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4.6 Inserting data to the new tables

A form is created with the information received from the route, this use a for loop in
Jinja to iterate the creation of all the inputs for all the columns.

Data for column called: {{
With definition: {{col_:

The method "insertinNewTableFromRequest™ gets the table ID and the form with all

the data, setting all the data in a dictionary to then use the method "insertInNewTable"
that is going to add the data in the database.

insertInNewTable(s
try

f.setDatalnTable(newTable,d
ion.add(newTable)
db.session.commit()
n newTable.id

print(error
row_id

aturn row_

insertInNewTableFromRequest(self,
try:

data = {}

data.update c.form)
row_id tInNewTable(
return row_id

return @
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The form is rendered in a modal, a component of bootstrap 5.3, giving the option to
cancel the insertion if it is necessary. With this the user does not have to be moved to a
new page dedicated only for the creation of a new row. (Bootstrap team, 2023)

Insert data

When the table has a column that save foreign keys, then a select input is displayed,
giving the different options and saving in the form the ID of the row related to the
option selected.

Insert data

4.7 Editing data from the new tables

There are two options for the edition of the data, one is by clicking the menu in every
row, located in the first column of the table. And the other option is by clicking the cell
itself to then clicking in the “"Save Data” button that is always located at the bottom of
the UI aligned with the table.

Stock Management [ Search } (@ davidsiltroy

('} Dashboard Table A % Export

BE Scan QR-code
a5

§ Database Chart of table >

All Groups of Tables = D (O Text column with long name (O Just number

&% Evidence testing text 1 155
28 QR-code

B9 Add new Table

=, [# Editrow another option in text 6841

g5 TableA

il Delete row

ff TableB =0 one more option testing 123

4 last option inserted 7
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The first option, by clicking in the “Edit row” button, will send the user to another page
where it is possible to make changes but also to add extra information, information
related to notifications, but only if the column is a humber type.

Stock Management [ Search ] (@ davidsiltroy

(3} Dashboard Table A »

BH Scan QR-code

Text column with long name Just number

§ Database

-
=
(s

testing text 1 ] 5

All Groups of Tables (©)

Data for column called: Justnumbe:

5% Evidence

And the second option to edit values in the table is with AJAX, or Asynchronous
JavaScript And XML. A special route was created for this option, this route returns true
or false depending on the result of the modifications to then inform the user. (Mozilla
Developer Network, 2023)

saveData(c

if (updateBtns)

updateBtns.forkEach

1N

The JavaScript code is too long to be shared and explained in this document, but what
it does is to set a Listener in the cells, saving the current value and only giving the
option to save changes when that value changes. Saving all the values and data related
to that cell, like the table ID, row ID and column name.

Stock Management [ Search } (@ davidsiltroy

("} Dashboard Table A | Export |

BE Scan QR-code

§ Database Chart of table v

All Groups of Tables &) D [ Text column with long name O Just number

% Evidence = 5 1 testing text 123 1558

=, 2 another option in text 6841

-, 3 one more option testing 321

last option modified 7

< Save changes
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Once the "Save Changes” button is clicked, all the modified data will be sent to the
route made to receive AJAX requests. And, once the server finish the process, this is
going to send an answer that JavaScript will show to the user as an Alert, with the color
green when all is ok and red when not.

Stock Management [ Search ] (@ davidsiltroy

('} Dashboard Data Updated in table: Table A 2

B Scan OR-code
B8,

g brem== Table Az (Eeport
All Groups of Tables

Chart of table v
6% Evidence

D [ Text column with long name O Just number

_ 1 testing text 123 1558

=, 2 another option in text 6841

_ 3 one more option testing 321

<7 Save changes 4 last option modified 7

And all the data saved from the edition will be deleted, removing the classes in the cells
to show the table like it would look like once the user goes to that table. But in this
case the user was never moved to another page.

Stock Management [ Search ] @ davidsiltroy
Dashboard . —
O Table B = [Foor]
B8 Scan QR-code
i
g Database Chart of table e
Al Groups of Tables £ ™) () Text testing (O Connection to A
% Evidence =, 1 text modified one more option testing || 321 v ]
_ 2 hola! another option in text || 6341
=0 3 this s cool [ testing text 123 || 1558 v ]
= 4 Sklnond last option modified || 7 v

testing text 123 || 1558 I

-another option in text || 6841

one more option testing || 321

< Save changes last option modified || 7

The tables with the foreign key will show a select input in the columns where the data
of the foreign key is saved. Also working with AJAX so the user does not have to go row
by row when a change is necessary in more than one field of the table.

Stock Management [ Search ] (@ davidsiltroy

(} Dashboard Data Updated in table: Table B X

B
B Scan QR-code
o,

€ Database Table B # [xpor |
All Groups of Tables

Chart of table v
a8 Evidence

D (0 Text testing (O Connection to A

= 1 text modified one more option testing || 321

— 2 hola! another option in text || 6841

., 3 this is cool testing text 123 || 1558

_ 4 ok, more? last option modified || 7

<7 Save changes




29

4.8 Deleting data from the new tables

The deletion process is easier than everything else, but it is only possible to be done by
a user with the higher role. This is to avoid losing valuable information, so only specific
users can see the option to delete.

Lara Upaatea In Tapie: 1anie & .
Stock Management
('} Dashboard Table B # =
BH Scan QR-code
© Database Chart of table o
All Groups of Tables ® D (O Text testing O Connection to A
= difie q 2
5% Evidence = 1 text modified one more option testing || 321
=0 2 hola! another option in text || 6841

28 QR-code

= B this is cool testing text 123 || 1558
- /) Edit row
" —, | {ij Delete row ok, more? last option modified || 7
[

Just by clicking the options in the left of the rows, then the option called “Delete row”,
the row will be deleted from the database.

Stock Management [ Search } @ davidsiltroy

{} Dashboard Table B® [ Export |

BE Scan QR-code
B5

§ Database Chart of table v

All Groups of Tables # D ) Text testing (O Connection to A

% Evidence = 1 text modified one more option testing || 321

—, 2 holat another option in text || 6841

—, 3 this is caol testing text 123 || 1558

< save changes

And the method will return a True or False depending on the result of the process of
deleting the specific row.

deleteInNewTable(
all deleted =
try:
f.getTableModel(t
newTableModel . query.get(
-.db.session.delete(newTable)
.db.session.commit(
all deleted

alert

current_user.id,

error_ms
print(error_msg)

return all deleted
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4.9 QR-code generation

The web application has the option to generate and read QR-codes, creating a URL
referring to the row ID of the row selected to generate the code. The user can generate
the code in the first column of the table, at the level of the row that wants to get a QR-
code.

Stock Management @) davidsiltroy

Table B =

"} Dashboard

() Connection to A

All Groups of Tables

fs Evidence

The QR-code is generated with a python library called " flask_grcode”, using AJAX to
request the QR-code from a specific route, created to return a QR-code image code in
base64. (Agner, 2023) (Mozilla Developer Network., 2023)

e_name=table name, ro

The JavaScript code send data to generate a QR-code and starts the creation of a
image to be inserted in a modal, once the QR-code is received. The modal is showed
using the bootstraps class for JavaScript.

img.src a.q
img.style.width = *
grModal = document.getElementById( 'qr e-new-table-modal');
if (grModal
myModal = bootstrap.Modal(grModal, {keyboard })
grSection = gr querySelector(’ 2

ion.innerHTML = H
grSection.appendChild(img);
myModal. show() ;
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The user will be able to see the image in a modal, with the option to save it like any
other picture in internet, using the right click.

The web application has a QR-code reader, but it is not possible to use the camera
since the web browser does not trust in a web page with not SSL certificate. Still there
is an option to update an image with a QR-code.

Stock Management | Search l (@ davidsiltroy

QR Code Reader

B,

Choose Image - No image choosen

All Groups of Tables

& Evidence

The result is that the web application will show the table with the information of the
QR-code, setting in the first position the row where the QR-code was generated and
also changing the background of this row, so the user can be sure that is the right row.

Stock Management earch ] (@ davidsiltroy

=

~

D [0 Text testing (O Connectionto A

2 holat anather option in text || 6841

1 text modified one more aption testing || 321

3 this is cool testing text 123 || 1558
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4.10 Notifications

In the part of the Edition of data from the new tables, was mentioned the possibility of
creating notifications, when a row has columns with number type. Here we are going to
see more into details the options provided for the notifications, which is the option in
blue, located next to the name of the column with the number type.

Stock Management Searct | @ davidsiltroy

Table A

(Y Dashboard

BE Scan QR-code

© Database to add notificatior ‘ ‘

Al Groups of Tables

% Evidence

It is possible to add extra information to the rows, this information is related to a
maximum or minimum value of the that column in the specific edited row. But also a
reminder to get a notification in a specific date, with not necessity of a value. And
lastly, the option to save a message to provide more information about the notification.

Stock Management Search | (@ davidsiltroy

Table A

Add Extra information to this row

Minimun value for this calumn

All Groups of Tables ® l

% Evidence Reminder

e

The extra information is saved in the database and later is used by the Automation part
of the web application, which is a background process that is checking all this values.

Stock Management Searcl ] (@ davidsiltroy

Table Az

Add Extra information to this row

B D

Minimun value for this column Maximun valu for this column

All Groups of Tables ® (o0 1000 |

#%3 Evidence Reminder Select

And when the value of the row is changed, then is possible to see in the notifications
option, under the username, that we have one notification.

Stock Management Search J (&) davidsiltroy

0
User Notidications

Settings

Sign out
2023/06/07 - 01:00:24: Value in column "Just number” of table “Table A" is bellow MIN.(An Important message) .

reate New User

), Edit Users

Al Groups of Tables
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The notification gives the option to delete it or also to click the text to go to the table,
showing the row in the first place, in the same way that it works when a QR-code is
scanned.

Stock Management | sea (@ davidsiltroy

Table A =

('} Dashboard

[} ) Text column with long name O Just number

All Groups of Tables =" 5 ta add notification 0

5 Evidence

4.11 Automation

The automation part is a class running with an infinite loop, and in parallel with the
main class of the web application. Here is used " SQLAlchemy and not
*flask_SQLAIchemy since the parallel process is outside of the context of the user.

email_server
email_port = 5

for n_id in notif.

time.sleep(2))

This class may have multiple methods, but in this case I am using only one to check
the extra values added to a numeric cell in the row of a new table. After getting that
information is going to check the values of that specific cell to be compared with the
extra information or can be the case of only checking the date for a reminder.

table_id = int(da
int(data[
(dat

else message

newTableData = newTables.getDataToShowInTablePage(table_id)
row = newTableData[row_id]

table_name = tables[int(table_id)]['n
table_title = tables[int(table_id)]["t

for row_name in row:
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The initial function of this class was to send an email to the specified user once the
specific value or reminder date was reached, but there was a problem using the
company email.

Since the company email works with Microsoft, seems the year 2020 an update is not
allowing users to use the SMTP option. Different solutions were tried and not success,
so it was decided to only show the notification in the User Interface, for now.

< min_value:
table title}” is be

col_value
"{col_title} table_title}" is

tr(reminder_date))>0:

lumn {col title} in table "{table title}"’

newTables.db_log.ui_log notification(user_id , msg, link)

if notified ta( hE

ElaLLTGELE)]
s.db_log.log notifi i » msg, link)
mit()

Using the singleton class " AlertLogger’ it is possible to set a notification that the web
application will display to the user based in the user ID. Because it is saved in the
database when the user was notified, this allows to set a specific time between
notifications, to not get the same notification all the time.




35

5 DEMOS

5.1 First demo

The first demo was to give an idea of how the web application will look like and what
was possible to be done with it. To have a fasted development in the User Interface,
was used as template, a dashboard example of Bootstrap 5. (Bootstrap, 2023)

Dashboard

Section title

The demos was always starting with the web application without data, to show the step
by step how to manage the tables to then manage the data in them. At the same time
all the demonstrations had the goal of get all the feedback of the user interface and
user experience.

o e =] J » S0 :I

@ , Welcome back god X

g craue s All tables in the Database

More option on the left side menu started to be visible when some data was set, for
example the option of Edit was there only when there was information to be edited like
a group, a table or a column.




q c a o: "}y ] » % 0 o =
Stock Management -
E]

G crene s Create column in database - Stock Management

Calumn Name Column Type

Columns created:

Create a new column

Once the user was in the Edition part, was able also to delete the information stored
about that element, which could be a group of table, a table or a column from a table

and for easy access also was possible see a list of other elements related to the one
that is been edited.

c 0 ol J a0 o =
Stock Management

Edit in database - Stock Management

Beme Listof tabless = o
g e El BT otaTabla s
All Groups ) . [0 ColumnaDes

And once all the necessary information to create a table was set in the database, it was
possible to create it, now to store data in that table. But at this point is still not possible

to edit that data, set a notification once a maximum or minimum value has been
reached or even to generate a QR-code.

This is an example of how would look a new table created in a dynamic way with the
information saved in the database for it.
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q G n e 1 -3 » 0 c® EI

@ d OtraTabla table - Stock Management

id ColumnaUne ColumnaDes.

5.2 Last demo

The last demonstration was the result of many others demonstrations and all the
feedback gathered from the meetings or just with specific features testing.

The user interface is an important part of the web application because the final user
has to be able to understand how everything works, I modified the template of the web
application in based to a design made by Héctor Silva. (Silva, 2023)

One of the main things for the last demo is the new Template, using better the spaces
of the screen. And some new options like the QR-code scan and the option in the
database to edit tables details for the creation or users that are allowed to use the web
application.
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The Dashboard or home page was mean to be displaying last data edited, some news
or a general graph from specific data taken of the new tables. But currently this just

send you to a random new table created, or just display a message that there are no
tables created yet.

Now it is possible to see notifications in the bottom right corner of the web application
and the group, table and column creation can be done with a modal.

All tables in the Database by Groups

Group: Base Substrate Database

) Material - i identifier = R Substrates in Stock -

6 Edit
@ Substrate Finish Type =
Al Groups of Tables
D name

B ero -

[ER Thickness Magnitud -

[#) | Group: Grupo @ cereuis notincation

For the edition of the data, now the list of options are displayed in a better way, but
still can be too much information for a beginner user.
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List of Columns in Substrates in Stock:

The information displayed in the new tables are even information from others table if a
column has a connection or foreign key to another table in one column, when this data
want to be edited a ‘input select’ appears with the options that are all the rows of the
pointed table in that column.

One other feature, is the option to see a chart with the data of 2 columns selected. This
is done with a JavaScript library called chart.js and still need to be improved. It does
not allow selecting more than 2 columns and it won't display a chart when the 2
columns selected are just names.

The chart is in an accordion component of bootstrap, so it can be hide and show
clicking in the title "Chart of table”.

Also it is possible to edit multiple values in different rows, with not necessity of editing
row by row. This is done using AJAX and a special function or route for it.

Once all the changer are done in all the different cells of the table, it is necessary to
click the Save changes button so all the changes are saved in the database.
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Every row can also be edited individually, in the first column of the table is a button
with options for that row.

The option for the row can be to edit the data and set an alert to get a notification too,

for when a value is in a specific limit or a reminder after some time. Another option is
to delete the complete row and the first option is to create a QR-code.

Stock Management . [OFLE

The QR-code is generated by every row, this QR-code contains a link that will take the
user to the table with that row, and the row will be shown in the first position of the
table.

This QR-code is displayed in a modal component of bootstrap, and is a image that can
be downloaded. So the image can be printed and pasted where the stock, item or
material is being saved.
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6 CONCLUSIONS

In conclusion, the project underwent significant growth over time, necessitating the
restructuring of folders to enhance code comprehension and maintenance. Despite this
challenge, we successfully completed the project, achieving all proposed objectives and
surpassing expectations.

While meeting the company's requirements, it became evident that there are numerous
additional features to be incorporated. These new functions and characteristics have
been documented for future iterations of the project.

Throughout the development process, the web application has been undergoing testing
and refinement within the company. Each progress demonstration allowed for the
collection of new data, leading to the implementation of additional features. We are
diligently adding data and thoroughly reviewing the application's behavior to ensure it
aligns with the desired expectations.

Undoubtedly, my limited experience in full-stack development initially led to
inaccurately estimating the time required to complete certain functions and features.
However, I am grateful for the unwavering support and valuable advice provided by my
mentor.

The meticulous analysis, well-structured action plan, and clear diagrams played pivotal
roles in guiding the development process. These tools ensured that even with the
complexity of multiple folders and files, it was always evident which aspects of the web
application required development.

Overall, this project served as a valuable learning experience, highlighting the
importance of adaptability, mentorship, and careful planning in achieving successful
outcomes.
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