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Abstract- AlCon is a minimalist alumni portal designed to facilitate efficient and secure interaction between academic in-
stitutions and their alumni communities. The platform aims to bridge the gap between alumni and their alma mater through a
centralized digital interface that supports scalable and responsive engagement. The system is built using a lightweight
technology stack, featuring a responsive frontend developed with HTMLS and TailwindCSS, a Flask-based backend
architecture, and a MySQL relational database for structured data persistence. One of the core components of the system is the
imple- mentation of JWT (JSON Web Token) authentication, which provides a stateless and secure mechanism for managing
user sessions and access control. The frontend incorporates responsive alumni profile cards and dynamic interface elements to
ensure a consistent user experience across different screen sizes and devices. Backend functionality includes optimized CRUD
(Create, Read, Update, Delete) operations that interact with the database through modular APIs, enhancing maintainability
and perfor- mance. The system was subjected to a series of functional and non-functional tests to assess its performance,
usability, and robustness. These evaluations demonstrated reliable responsive- ness under various simulated usage conditions,
validating the efficiency of both the data flow and the UI rendering mechanisms. Error handling and input validation were also
incorporated throughout the application to ensure data integrity and system stability. AlCon stands as a practical and
extensible solution for institutions seeking a streamlined approach to alumni data management and engagement. Its modular
design allows for future enhancements, such as integration with external services, analytics dashboards, or communication
modules. The project’s focus on minimalism, responsiveness, and security highlights its potential as a foundation for more

complex alumni management systems in educational ecosystems.
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I. INTRODUCTION

features that are not directly relevant or require extensive

customization, making them less accessible to mid-sized

In the digital era, the importance of maintaining strong academic bodies or student-led initiatives.

institutional-alumni relationships has become increasingly ev-

ident. Alumni serve as vital stakeholders in the growth and
development of educational institutions, contributing not only
as donors or mentors but also as brand ambassadors and
industry connectors. To support these relationships, many
universities and colleges are adopting digital platforms to fa-
cilitate seamless communication, data management, and long-
term engagement with their alumni networks.

Despite this growing trend, a significant number of insti-
tutions, especially those with limited resources or technical
expertise, lack access to scalable and cost-effective solutions.
Enterprise-grade customer relationship management (CRM)
systems or commercial alumni management suites are often
expensive, complex, or excessive for the needs of smaller
insti- tutions. Furthermore, these platforms may include

To address these challenges, AlCon (Alumni Connect) is
introduced as a lightweight, modular, and minimalist alumni
portal designed to deliver essential functionalities without
compromising performance, usability, or security. The plat-
form offers a well-balanced combination of usability and
technical efficiency, built using a modern web development
stack. The frontend leverages HTMLS and TailwindCSS for
rapid interface development and responsive design, while the
backend utilizes Flask — a Python-based microframework
well-suited for lightweight RESTful APIs. Data storage and
retrieval are managed using MySQL, allowing for relational
integrity and structured data access.

AlCon aims to serve as a foundational tool for institutions
seeking to digitize their alumni interactions without incur-
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ring high costs or deployment overhead. It also acts as a
demonstration of how open-source tools and best practices
can be combined to develop a secure and responsive
information system in a resource-constrained environment.

1. Core Objectives

The design and development of AICon were guided by a set of

core objectives intended to ensure both practical usability and

technical robustness. These objectives are summarized as
follows:

e Minimalist User Interface: The system adopts a mini-
malistic design philosophy that prioritizes user accessibil-
ity and simplicity. Key features, such as profile browsing,
editing, and contact management, are accessible within
three or fewer navigational steps. This ensures a shal- low
learning curve and enhances user satisfaction across
devices.

e Robust Session Management and Security: User ses-
sions are secured using industry-standard JSON Web
Token (JWT) authentication, stored in HttpOnly cook- ies
to prevent exposure through client-side scripts. This
approach mitigates common vulnerabilities such as cross-
site scripting (XSS) and strengthens overall session secu-
rity.

¢ High-Performance CRUD Operations: The portal sup-
ports essential Create, Read, Update, and Delete opera-
tions for alumni data. These operations are optimized at
both the application and database levels through the use
of parameterized queries, indexing strategies, and mini-
mized server response cycles. This results in a smooth
user experience even under concurrent usage scenarios.

e Scalability and Maintainability: The system architec-
ture is modular, allowing for future enhancements such as
analytics integration, email notifications, or third-party
authentication. Flask’s blueprint system and a clearly
defined project structure contribute to long-term main-
tainability and developer accessibility.

e Responsive Design and Cross-Platform Compatibility:
TailwindCSS enables the development of responsive
components that adapt seamlessly across screen sizes and
platforms. This ensures usability on desktops, tablets, and
mobile devices without requiring additional development

layers.
e Technical Differentiation: Unlike monolithic content
management systems (CMS) or heavy enterprise

platforms, AlCon adopts a minimalist and performance-
driven architec- ture. The design favors simplicity,
control, and speed over ex- cessive feature sets and
abstracted frameworks. The technical differentiators of
AlCon are summarized as follows:

e Vanilla JavaScript: The project intentionally avoids
front-end frameworks such as React or Angular in favor
of native JavaScript. This decision reduces bundle size,
improves initial load times, and enables tighter control

over DOM interactions. The lean approach is particularly
beneficial for low-bandwidth environments and older
browsers.

e Simplified Routing with Flask: While Flask supports
modular development via Blueprints, AlCon utilizes na-
tive route definitions to maintain simplicity and reduce
cognitive overhead for smaller projects. This direct rout-
ing method streamlines endpoint management and eases
debugging during development cycles.

e Raw MySQL Queries with Parameterization: Instead
of using Object Relational Mapping (ORM) libraries such
as SQLAIchemy, AlCon performs direct SQL operations
with explicit parameterization. This approach enhances
query performance and ensures protection against SQL
injection, while providing developers with full visibility
into query logic.

II. FRONTEND IMPLEMENTATION

1. Technology Choices

The frontend of AlCon is crafted to prioritize responsive-
ness, usability, and accessibility across a range of devices. A
component-based styling strategy is employed using Tailwind-
CSS, while native browser features are leveraged for
validation and interaction. The following table outlines key
elements of the frontend architecture:

Component Implementation

e Layout TailwindCSS (flex/grid)

e Authentication Forms HTMLS5  validation  (required,
pattern)

e Dynamic Content Rendering  Vanilla IS DOM
manipulation

Table 1: Frontend Components And Technologies

Component Tmplementation
Layout TanwindCSS (flex/grid)
Authentication Forms HTML5 valdation (required,
pattern)

Dynamic Content

Vanilla JS DOM manipulation
Rendering

TailwindCSS was chosen for its utility-first approach, allow-
ing rapid prototyping and consistent design language without
the overhead of custom CSS frameworks. Flexbox and grid
systems ensure that content adjusts fluidly to various screen
dimensions.

Authentication forms make use of HTMLS5’s built-in form
validation features, which reduce reliance on external libraries
and enhance accessibility. JavaScript is used selectively to
render dynamic elements, such as updating profile cards or
toggling form states, thereby keeping the application respon-
sive without introducing additional runtime dependencies.
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2. Key Interfaces

Authentication Flow: Authentication in AlCon is de- signed
to be secure, lightweight, and user-friendly, supporting
multiple user roles with differentiated access. The system im-
plements a token-based authentication mechanism supported
by cryptographic hashing and server-side verification. The
flow consists of the following stages:

Client-Side Password Hashing with bcryptjs: Prior to
transmission, user passwords are hashed in the browser using
the beryptjs library. This client-side hashing ensures that
plaintext passwords are never sent over the network, thereby
adding an additional layer of protection even before transport-
level security (e.g., HTTPS) is applied.

JWT Generation and Validation: Upon successful login, the
backend generates a JSON Web Token (JWT) that encodes
user identity and role metadata. This token is returned to the
client and stored in an HttpOnly cookie to prevent access via
JavaScript. Subsequent re- quests are validated against this
token, enabling stateless authentication and reducing server-
side session storage overhead.

Role-Based UI Rendering: Based on the decoded JWT
payload, the frontend dynamically adjusts the user interface to
match the assigned role (e.g., admin or standard user). Admin
users are granted additional functionalities such as viewing all
alumni profiles and editing database entries, while standard
users can access only their own profile and limited browsing
features. This ensures a tailored user experience and strict
access control enforcement at the interface level.

Alumni Cards: AlCon presents alumni data through a
responsive and modular ”card-based” interface, which offers
both visual appeal and functional accessibility. This design
prioritizes clarity and usability, especially on mobile devices,
while supporting key features such as filtering and pagination.

Mobile-First Responsive Design: Alumni cards are
structured using a fluid grid system, adapting from a single-
column layout on smaller screens to a three- column
arrangement on larger displays. TailwindCSS utilities enable
real-time responsiveness without addi- tional CSS logic,
ensuring consistent presentation across devices.

Instant Search via JavaScript Filtering: A client-side search
bar enables real-time filtering of alumni cards based on name,
graduation year, or department. Native JavaScript is used for
DOM-based filtering, eliminating the need for server calls and
reducing latency during search operations.

Pagination with Lazy Loading: To maintain interface
responsiveness under large datasets, lazy loading is im-
plemented. This technique dynamically loads additional

records as the user scrolls, conserving memory and band-
width while enhancing perceived performance.

Auth_Flow

r y

Login Page The user accesses the login page
[ Username ] and enters their credentials
(username and password).
[ Password ]
Login
y v S
Credential Validation Validate username and password

against the database.
If valid, proceed to the ext step;
if invalid, return an error message.

Validate username and
password against the
database.

y

Successful Login

~

Invalid Credentals

If the credentials do not match
the records, an error message is
shown, and the user is prompted

Invalid usemame
or password

L If he credentials shown ¢ ) to try again.
r
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Logout Action o terminate the session
Action to terminate the and return to the login page.

The user can log out at any time
ending the current session and
returning to the login page

session and return
{o the login page

!

Fig. 1. Authentication Sequence Diagram

I11. BACKEND ARCHITECTURE

The backend of AlCon is developed using Flask, a Python-
based microframework chosen for its lightweight structure
and modularity. It exposes a set of RESTful API endpoints to
manage authentication, user roles, and alumni data. These ser-
vices are stateless and secured wusing token-based
authorization mechanisms.

1. Flask Routing

All essential data interactions are routed through secure HTTP
endpoints, with decorators applied for role-based access
control. The following example illustrates an update operation
on the alumni dataset:

# Alumni CRUD Operations

@app.route(’/alumni/<int:id>’, methods=[" PUT’])
@token_required

def update alumni(id):
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data =
SET
name=%s WHERE 1d=%s",

(data[’name’], id)) return jsonify({"status": "success"})

request.get_json() cursor.execute("UPDATE alumni

Routes are defined explicitly without Flask Blueprints for
simplicity and ease of maintenance in smaller applications.
Each endpoint incorporates parameterized SQL queries to
safeguard against injection attacks.

2. Core Services

e Session Management: Tokens are encoded and decoded
using a shared server-side secret. Tokens include user 1D,
role, and expiration timestamp, ensuring stateless session
control and preventing replay attacks.

e Data Validation: Incoming payloads are verified using
regular expressions to enforce data integrity and prevent
malformed entries. Validation is applied at both form
level (frontend) and API level (backend).

e  Error Handling: The system returns custom HTTP status
codes (e.g., 422 Unprocessable Entity) to distinguish
between input errors, authentication failures, and internal
server issues, improving debuggability and client-side
behavior.

Performance Tactics: AlCon implements several backend-
level performance strategies to handle concurrent users and
scale effectively:

e Connection Pooling:The mysql-connector-python
library is configured with a persistent connection pool,
minimizing the overhead of establishing new database
connections.

e Selective Eager Loading: Related data such as alumni-
event mappings are fetched proactively based on access
patterns, reducing the number of roundtrips between the
API layer and the database.

e Response Compression: JSON responses are com-
pressed using Gzip, significantly reducing payload size
and improving transmission times for large datasets.

IV. DATABASE DESIGN

The AlCon database is designed for relational integrity and
optimized querying, comprising normalized tables and
indexed fields to support common access patterns such as
profile searches and event lookups.

1. Schema Structure
The core tables used in the system are summarized below:

Table 2: Database Tables

Table Purpose
alumni Stores core profile data such as name, department,
year

Contains hashed credentials and JWT references
Logs institutional events and alumni participation

auth
events

2. Optimization Techniques

To ensure high performance under peak loads, the following

optimizations are applied:

e Composite Indexes: Fields frequently used in search
queries, such as department and graduation year, are
combined in composite indexes to accelerate filtering
operations.

e Stored Procedures: Complex operations, such as fetch-
ing top contributors or alumni grouped by region, are
encapsulated in stored procedures for atomic execution
and reduced application logic overhead.

e Automated Backups: Using MySQL Events, scheduled
database backups are triggered at fixed intervals. This
ensures data recoverability and facilitates compliance
with disaster recovery protocols.

V. CONCLUSION

AlCon demonstrates that a robust and efficient alumni man-
agement system can be built with minimal resources, lever-
aging simple yet effective technologies. Despite its simplic-
ity, it delivers essential functionalities expected from alumni
management platforms, such as alumni profiles, events, and
authentication. Key design choices have been made to
optimize for performance, simplicity, and scalability:

e Under 500KB frontend payload: The application fron-
tend is designed to be lightweight, with a payload size
under 500KB. This ensures that the system loads quickly,
providing a smooth experience for users even on slower
networks or mobile devices. The front end utilizes min-
imal external libraries and dependencies, contributing to
the smaller size and faster loading times.

o Single Flask Application File: The entire backend logic
resides within a single Flask application file. This reduces
complexity and allows for faster development cycles,
making it easier to maintain and deploy. Although this
setup is minimalistic, it’s powerful enough to handle the
application’s core functionality. The backend is efficient,
and this compact approach simplifies debugging and
version control.

e  Three-Table Database Schema: The database schema is
simple, consisting of only three tables. The ‘alumni* table
stores the core profile information, the ‘auth® table holds
user login credentials, and the °‘events‘ table tracks
alumni-related activities and events. This straightforward
design ensures ease of management and future scalability
while maintaining optimal query performance.

These decisions align with the goal of creating a system that
can be easily deployed, maintained, and scaled as needed. The
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architecture allows for fast access to key data while keeping
the system lightweight and user-friendly.

Looking to the future, AlCon is set to evolve with several
planned enhancements aimed at further improving the user
experience and system capabilities:

e Voice Assistant Integration: With the rise of voice-
controlled technology, integrating a voice assistant into
AlCon will allow alumni to interact with the platform
hands-free. Alumni will be able to query the system using
voice commands, such as asking for event schedules, or
alumni contact details, or even submitting updates to their
profiles. This will enhance accessibility, especially for
users with disabilities or those who prefer voice
interaction over traditional forms of communication.

¢ Real-Time Chat Interfaces Using Websockets: A major
enhancement planned for AlCon is the integration of real-
time chat functionality. Using WebSockets, alumni will
be able to instantly communicate with each other,
facilitating networking and collaboration. Administrators
will also be able to host live QA sessions or group
discussions. This feature will improve engagement and
provide a dynamic, real-time experience for users.

These enhancements will not only improve usability but also
ensure that the platform remains relevant and modern as user
expectations evolve. Future versions will aim to introduce Al-
driven features for personalized alumni engagement and
provide deeper insights into alumni activities.
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