Flask Web Development — Undergraduate Laboratory Protocol

Flask Development Protocol & Practical
Guide

A Complete Laboratory & Courseware Protocol for Undergraduate Web Development

Course Context: CS-201 / Software Engineering Instructor: Dr. Labeed Al-Saad
Laboratory

Framework Version: Flask 3.1.x (Pallets Projects) Protocol Goal: Practical Setup, Architecture & Page
Rendering

Target Audience: Undergraduate Computer

Science Students

1. Definition and Core Architecture of Flask

Flask is a lightweight WSGI (Web Server Gateway Interface) web application framework
written in Python. Created by Armin Ronacher in April 2010 and maintained by the Pallets
Projects community, Flask is classified as a microframework because it keeps its core
minimal, explicit, and extensible. Rather than enforcing a monolithic database, authentication
layer, or form validation engine, Flask provides two foundational technologies and leaves the
remaining structural choices to the developer:

o Werkzeug: A comprehensive WSGI web application library that handles request routing,
response abstraction, debugging, and HTTP header parsing.

e Jinja2: A fast, expressive, and secure template engine that renders dynamic HTML pages
with automatic escaping to defend against Cross-Site Scripting (XSS) vulnerabilities.

Unlike synchronous WSGI frameworks that attempt to prescribe all application components,
Flask enforces almost nothing, adhering to a design philosophy that encourages clean,
understandable Python code without hidden magic.

52 DEFINITION SUMMARY: Flask operates as a WSGI microframework built around Werkzeug and
Jinja2. It provides routing and template rendering natively while allowing developers complete
freedom to select ORMs, form handlers, and authentication modules.

2. Why We Need Flask in Web Development

Flask fulfills a crucial role in modern software engineering and computer science curricula for
several key reasons:

e Simplicity and Transparency: Flask eliminates steep learning curves. In just a few lines of
code, developers can initialize an active web server. Everything in Flask is explicit, giving
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undergraduate students direct visibility into HTTP processing without complex framework
abstractions.

Flexibility and Developer Freedom: Developers choose their preferred tools. Whether
integrating SQLite via Flask-SQLAIchemy, handling authentication with Flask-Login or Flask-
JWT-Extended, or building REST APIs with Flask-Smorest, Flask allows modular assembly.
16-Year Ecosystem Maturity: With over 100 well-maintained PyPI extensions, Flask
provides production-tested tools for database migrations (Flask-Migrate/Alembic), form
handling (Flask-WTF), rate limiting (Flask-Limiter), and background job processing
(Celery/RQ).

Production Reliability: Flask scales effortlessly from rapid prototypes to enterprise
deployments using production WSGI servers like Gunicorn paired with Nginx reverse
proxies on cloud infrastructure.

The Necessity of Virtual Environments (venv)

A Virtual Environment is an isolated directory tree containing a dedicated Python installation
and independent package repository. Using a virtual environment for Flask projects is an
industry standard and academic necessity for the following reasons:

4.

Dependency Isolation: Different Python projects often require different versions of libraries
(e.g., Flask 3.1.x vs. an legacy Flask 1.x codebase). A virtual environment prevents version
collisions across projects.

System Protection: Installing third-party packages globally can break system-level tools or
operating system Python bindings. Virtual environments confine all installations to the local
project folder.

Reproducibility & Deployment: Virtual environments enable developers to freeze
dependencies into a requirements.txt file. This guarantees that teammates, grading
environments, and production servers (such as AWS EC2 or Docker containers) install
identical package versions.

Step-by-Step Installation Instructions

Follow this step-by-step terminal protocol to set up a clean development environment and install
Flask:

Step 4.1: Create and Activate the Virtual Environment

Navigate to your project directory and execute the module invocation for venv:

# Navigate to project directory
mkdir flask_student_guide
cd flask_student_guide

# Create virtual environment named 'venv'
python3 -m venv venv
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# Activate on Linux / macOS:
source venv/bin/activate

# Activate on Windows (PowerShell):
.\venv\Scripts\Activate.psl

# Activate on Windows (Command Prompt):
venv\Scripts\activate.bat

Step 4.2: Install Flask via pip

Once activated, the terminal prompt will display (venv). Upgrade pip and install Flask:

# Upgrade package manager
pip install -U pip

# Install Flask
pip install Flask

# Verify installation and dependencies
pip list

5. Importing Flask and Application Initialization

To initialize a Flask application, import the Flask class from the flask package and instantiate it.
The core app instantiation code pattern is shown below:

from flask import Flask

# Instantiate the WSGI application object
app = Flask(__name__)

Understanding the __name__ Parameter

The argument passed to Flask(__name__) represents the name of the application's module or
package. Python sets __name__ to" main__" when executing the script directly. Flask
requires this location hint to correctly configure relative resource lookup paths for templates/
and static/ folders.

Defining Routes using Decorators

Flask uses the @app.route() decorator to bind URL paths to Python view functions:

@app.route("/")
def home():
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return "Welcome to the Flask Development Guide!"

@app.route("/user/<username>")

def user_profile(username):
# Dynamic URL parameters are passed directly as keyword arguments
return f"User Profile: {username}"

6. Architectural Structure of Flask Applications

Flask supports multiple structural paradigms depending on application scale, ranging from
single-file scripts to modular Blueprint packages.

6.1 Minimal Single-File Structure (Prototyping)

For simple exercises and microservices, a single application file suffices:

flask_project/

|— venv/ # Virtual environment (ignored in git)
|— app.py # Main application script & entry point
L requirements.txt # Project package dependencies

6.2 Standard Package-Based Structure (Courseware Standard)

For multi-page web applications, projects organize assets into dedicated folders:

flask_project/

F— venv/ # Virtual environment

|— app.py # Application entry point / factory
F— static/ # Static assets

| F— css/

| | L— style.css # Cascading Style Sheets

| Y 3s/

| L— main.js # Client-side JavaScript

|— templates/ # HTML templates rendered by Jinja2
| — base.html # Master layout template

| L— index.html # Page-specific template

L requirements.txt # Dependency manifest

6.3 Modular Architecture with Blueprints (Large Scale)

Blueprints in Flask allow developers to structure large applications into distinct, reusable
modules (e.g., auth, dashboard, API). A Blueprint records operations to be registered on the
central application instance later:

from flask import Blueprint

# Define a Blueprint module
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auth_bp = Blueprint('auth', _ _name__, url_prefix='/auth')

@auth_bp.route('/login')
def login():
return "Login Page"

# Registering the Blueprint in app.py:
# app.register_blueprint(auth_bp)

7. Page Rendering with Jinja2 Templates

Generating HTML strings directly inside Python functions is prone to security risks and
unmaintainable code. Flask integrates the Jinja2 template engine and provides the
render_template() helper function to render HTML pages cleanly.

The render_template() Function

By convention, Flask automatically looks for HTML template files inside a directory named
templates/ located alongside the application module:

from flask import Flask, render_template
app = Flask(__name_ )

@app.route("/")
def index():
student_data = {"name": "Alex", "course": "Web Engineering", "grade": "A"}
# Pass Python variables directly into the template
return render_template("index.html", title="Dashboard", student=student_data)

Jinja2 Syntax and Safety Features
Jinja2 provides powerful syntax tags inside HTML files:

e Expressions {{ variable }}: Renders the evaluated value of a Python variable or dictionary
key into the HTML document.

e Control Statements {% ... %}: Executes control logic such as conditionals ({% if %}) and
loops ({% for item in list %}).

e Automatic HTML Escaping: Jinja2 automatically escapes unsafe HTML and JavaScript
characters submitted in variables, mitigating XSS attacks.

Linking Static Files with url_for()

Static assets such as CSS stylesheets and images located in the static/ folder are referenced
inside HTML templates using the url_for() dynamic path builder:
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<!-- Inside templates/index.html -->
<link rel="stylesheet" href="{{ url_for('static', filename='css/style.css') }}">

8. Full Working Protocol Example

This complete, self-contained project protocol demonstrates all the concepts covered in this
guide. Students can build and run this practical exercise step by step.

Step 8.1: Directory Setup

Create the following folder structure in your workspace:

flask_demo/
— app.py
— static/
| L— style.css
L— templates/
L— index.html

Step 8.2: Application File (app.py)
Write the following code into app.py:

from flask import Flask, render_template, request

# Initialize Flask application
app = Flask(__name_ )

# Sample course dataset

COURSES = [
{"code": "CS-101", "title": "Introduction to Programming", "credits": 3},
{"code": "CS-201", "title": "Flask Web Development", "credits": 4},
{"code": "CS-301", "title": "Database Management Systems", "credits": 3}

@app.route("/")
def home():
# Render template with dynamic arguments
return render_template(
"index.html",
page_title="Course Overview",
courses=COURSES

@app.route("/greet", methods=["GET", "POST"])
def greet():
user_name = None
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if request.method == "POST":

# Extract form field data safely

user_name = request.form.get("username"”, "Student")
return render_template(

"index.html",

page_title="Student Greeting",

courses=COURSES,

name=user_name

if __name__ == "__main__":
# Run development server in debug mode
app.run(debug=True, port=5000)

Step 8.3: HTML Template (templates/index.html)
Save the following template inside templates/index.html:

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>{{ page_title }}</title>
<link rel="stylesheet" href="{{ url_for('static', filename='style.css') }}">
</head>
<body>
<header class="navbar">
<hl>Undergraduate Flask Guide Protocol</hl>
</header>

<main class="container">
<section class="card">
<h2>Welcome to Flask Web Development</h2>
{% if name %}
<p class="alert alert-success">Hello, <strong>{{ name }}</strong>!
Welcome to the lab exercise.</p>
{% else %}
<form action="/greet" method="POST" class="form-inline">
<label for="username">Enter your name:</label>
<input type="text" id="username" name="username" required
placeholder="e.g. Jane Doe">
<button type="submit" class="btn">Submit</button>
</form>
{% endif %}
</section>

<section class="card">
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<h3>Available Course Modules</h3>
<table class="data-table">

<thead>
<tr>
<th>Code</th>
<th>Course Title</th>
<th>Credits</th>
</tr>
</thead>
<tbody>
{% for course in courses %}
<tr>

<td><strong>{{ course.code }}</strong></td>
<td>{{ course.title }}</td>
<td>{{ course.credits }}</td>

</tr>
{% endfor %}
</tbody>
</table>
</section>
</main>
</body>
</html>

Step 8.4: CSS Stylesheet (static/style.css)

Save the stylesheet into static/style.css:

/* Basic Styling for Lab Protocol */
body {
font-family: 'Segoe UI', Tahoma, Geneva, Verdana, sans-serif;
background-color: #f3f4f6;
margin: 0;
padding: 0;
color: #1f2937;

.navbar {
background-color: #1b365d;
color: #ffffff;
padding: 1rem 2rem;
text-align: center;

.container {
max-width: 800px;
margin: 2rem auto;
padding: © 1rem;
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box-shadow: © 4px 6px -1px rgba(e, 0, 0, 0.1);

}

.card {
background: #ffffff;
border-radius: 8px;
padding: 1.5rem;
margin-bottom: 1.5rem;

}

.form-inline {
display: flex;
gap: 0.5rem;
align-items: center;
margin-top: 1lrem;

input[type="text"] {
padding: ©.5rem;
border: 1px solid #d1d5db;
border-radius: 4px;
flex: 1;

.btn {
background-color: #2563eb;
color: white;
border: none;
padding: ©.5rem 1lrem;
border-radius: 4px;
cursor: pointer;

.btn:hover {
background-color: #1d4ed8;

.alert-success {
background-color: #dlfae5;
color: #065f46;
padding: ©.75rem;
border-radius: 4px;

.data-table {
width: 100%;
border-collapse: collapse;
margin-top: 1lrem;
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.data-table th, .data-table td {
padding: ©.75rem;
text-align: left;
border-bottom: 1px solid #e5e7eb;

.data-table th {
background-color: #f8fafc;
color: #1b365d;

Step 8.5: Execution Protocol and Expected Output

To run the application, ensure your virtual environment is active and run either of the following
terminal commands:

# Method A: Direct Python Execution
python app.py

# Method B: Flask CLI Execution
flask --app app run --debug

Open your web browser and navigate to http://127.0.0.1:5000/. You will observe:

e Initial GET Request: Renders the course overview table and a text input field asking for
your name.

e Form Submission (POST Request): Submitting your name sends a POST request to
/greet, which extracts the form value and dynamically re-renders index.html with a
personalized greeting.

52 PROTOCOL CONCLUSION: This protocol illustrates Flask's entire lifecycle: virtual environment

activation -> WSGI app creation -> route handling -> request processing -> Jinja2 template rendering
with dynamic data & static CSS assets.
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