📘 Docker-Based Multi-Container Web Application Documentation
1. Introduction
This project demonstrates the design and deployment of a multi-container web application using Docker. The goal is to showcase how different services of a web application can be isolated, containerized, and orchestrated efficiently. The application follows a three-tier architecture consisting of a frontend, backend, and database, along with an additional database management interface.
Docker enables developers to package applications and their dependencies into containers, ensuring consistency across different environments. This project leverages Docker Compose to manage multiple containers and their interactions.

2. Objectives
The main objectives of this project are:
· To implement a multi-container web application using Docker
· To demonstrate communication between different services
· To use persistent storage with Docker volumes
· To deploy and manage containers using Docker Compose
· To ensure modularity and scalability of the application

3. System Architecture
The application follows a layered architecture:
· Frontend Layer: Built using Nginx, serving static HTML, CSS, and JavaScript files.
· Backend Layer: Developed using Node.js and Express, providing REST API endpoints.
· Database Layer: MongoDB is used as a NoSQL database for storing application data.
· Database Interface: Mongo Express provides a web-based UI to manage MongoDB.
Workflow:
1. The user interacts with the frontend via a web browser.
2. The frontend sends HTTP requests to the backend API.
3. The backend processes the request and interacts with MongoDB.
4. MongoDB stores or retrieves data.
5. The response is sent back to the frontend and displayed to the user.

4. Technologies Used
· Docker & Docker Compose: Containerization and orchestration
· Node.js (Express): Backend server and API handling
· MongoDB: NoSQL database for data storage
· Nginx: Web server for serving frontend files
· Mongo Express: Web interface for database management

5. Implementation Details
5.1 Frontend
The frontend is a static web interface built using HTML, CSS, and JavaScript. It allows users to:
· Add new data entries
· Retrieve and display stored data
The frontend communicates with the backend using HTTP requests (Fetch API).

5.2 Backend
The backend is implemented using Node.js with the Express framework. It exposes REST API endpoints such as:
· GET / – Check server status
· POST /add – Add new data
· GET /items – Retrieve stored data
CORS (Cross-Origin Resource Sharing) is enabled to allow communication between frontend and backend running on different ports.

5.3 Database
MongoDB is used as the database service. It stores application data in a flexible JSON-like format. A Docker volume is used to ensure persistence, meaning data is retained even if containers are stopped or restarted.

5.4 Docker Configuration
Docker Compose is used to define and manage all services. Each service runs in its own container and communicates through a shared Docker network.
Key features:
· Separate containers for frontend, backend, and database
· Port mapping for external access
· Named volume for persistent storage
· Dependency management using depends_on

6. Persistent Storage
A named Docker volume (mongo-data) is used for MongoDB. This ensures:
· Data is not lost when containers are stopped
· Application state is preserved across restarts
· Reliable storage management

7. Scripts and Automation
The project includes several scripts for automation:
· prepare-app.sh: Builds images, creates volumes and networks
· start-app.sh: Starts all containers and services
· stop-app.sh: Stops running containers without deleting data
· remove-app.sh: Removes all containers, volumes, and networks
These scripts simplify deployment and management of the application.

8. Results and Testing
The application was successfully deployed using Docker. All services were verified:
· Frontend accessible via browser
· Backend API responding correctly
· MongoDB storing and retrieving data
· Mongo Express providing database interface
Cross-origin issues were resolved using CORS middleware in the backend.

9. Advantages of the Approach
· Portability: Runs consistently across environments
· Scalability: Services can be scaled independently
· Isolation: Each service runs in its own container
· Maintainability: Modular architecture simplifies updates
· Persistence: Data is محفوظ using Docker volumes

10. Conclusion
This project successfully demonstrates the use of Docker for deploying a multi-container web application. By separating the frontend, backend, and database into individual containers, the system achieves modularity, scalability, and maintainability.
The use of Docker Compose simplifies orchestration, while persistent storage ensures data reliability. This approach reflects modern DevOps practices and prepares the system for future enhancements such as cloud deployment, load balancing, and monitoring.


