Use Case
Smart Campus Management System
In a modern university campus, a digital system is deployed to manage people, devices, and services efficiently. The system handles various entities such as students, faculty members, administrative staff, and smart devices like lights, cameras, and projectors.
Each person on campus—whether a student or faculty member—shares common attributes like name, email, and ID. However, students have additional details like roll number and course enrolled, while faculty members have department and designation. Administrative staff have restricted access and cannot be extended further in the system.
Smart devices across the campus can be turned on or off remotely. Some devices, like smart cameras, can also monitor activity. Others, like smart projectors, can be reset to default settings. All devices follow a common control protocol, but some offer advanced features.
To manage these devices, the system defines a set of operations that every controllable device must follow. Some operations are mandatory, while others are optional or shared across multiple device types. Certain utility functions—like validating device IDs or logging events—are available globally and do not depend on any specific device instance.
The system also includes a logging service that records actions performed by users and devices. This service defines a nested structure where logging behavior is encapsulated within a broader service framework.
Some components of the system are designed to be extended, while others are deliberately restricted. The system also supports dynamic behavior, where the actual operation performed depends on the type of user or device involved, even if accessed through a common reference.


Student Task

· Classes: Represent entities like Student, Faculty, Admin, SmartLight, SmartCamera
· Inheritance: Shared attributes and behaviors from a base Person class
· [bookmark: _GoBack]Final Class: Admin is restricted from further extension
· Abstract Class: Device defines common operations but leaves specifics to subclasses
· Interfaces: Controllable, Monitorable, Logger define contracts for behavior
· Multiple Interfaces: Devices implementing more than one capability
· Nested Interface: Logger inside Service
· Default Methods: Optional operations like reset() in devices
· Static Methods: Utility functions like validateID() in a helper interface
· Method Overriding: displayInfo() customized in each user type
· Dynamic Method Dispatch: Behavior determined at runtime based on actual object type
· Constructor Chaining: Initialization of user details across inheritance levels
· Access Control: Use of private, protected, and public members


1. Base Class: Person
public class Person {
    protected String name;
    protected String email;

    public Person(String name, String email) {
        this.name = name;
        this.email = email;
    }

    public void displayInfo() {
        System.out.println("Name: " + name + ", Email: " + email);
    }

    @Override
    public String toString() {
        return "Person[name=" + name + ", email=" + email + "]";
    }
}

Derived Classes: Student, Faculty, ResearchStudent
public class Student extends Person {
    private String rollNumber;

    public Student(String name, String email, String rollNumber) {
        super(name, email);
        this.rollNumber = rollNumber;
    }

    @Override
    public void displayInfo() {
        super.displayInfo();
        System.out.println("Roll Number: " + rollNumber);
    }
}

public class Faculty extends Person {
    private String department;

    public Faculty(String name, String email, String department) {
        super(name, email);
        this.department = department;
    }

    @Override
    public void displayInfo() {
        super.displayInfo();
        System.out.println("Department: " + department);
    }
}

public class ResearchStudent extends Student {
    private String thesisTopic;

    public ResearchStudent(String name, String email, String rollNumber, String thesisTopic) {
        super(name, email, rollNumber);
        this.thesisTopic = thesisTopic;
    }

    @Override
    public void displayInfo() {
        super.displayInfo();
        System.out.println("Thesis Topic: " + thesisTopic);
    }
}

Final Class: Admin
public final class Admin extends Person {
    public Admin(String name, String email) {
        super(name, email);
    }

    @Override
    public void displayInfo() {
        System.out.println("Admin Access: Restricted");
        super.displayInfo();
    }
}

Abstract Class: Device
public abstract class Device {
    protected String deviceId;

    public Device(String deviceId) {
        this.deviceId = deviceId;
    }

    public abstract void operate();

    public void connect() {
        System.out.println("Connecting device: " + deviceId);
    }
}

Interfaces: Controllable, Monitorable, Service.Logger
public interface Controllable {
    void turnOn();
    void turnOff();

    default void reset() {
        System.out.println("Resetting device to default settings...");
    }

    static boolean validateID(String id) {
        return id != null && id.length() == 6;
    }
}

public interface Monitorable {
    void monitor();
}

public interface Service {
    interface Logger {
        void log(String message);
    }
}

6. Device Implementations
public class SmartLight extends Device implements Controllable {
    public SmartLight(String deviceId) {
        super(deviceId);
    }

    public void operate() {
        System.out.println("Operating Smart Light");
    }

    public void turnOn() {
        System.out.println("Smart Light ON");
    }

    public void turnOff() {
        System.out.println("Smart Light OFF");
    }
}

public class SmartCamera extends Device implements Controllable, Monitorable {
    public SmartCamera(String deviceId) {
        super(deviceId);
    }

    public void operate() {
        System.out.println("Operating Smart Camera");
    }

    public void turnOn() {
        System.out.println("Camera ON");
    }

    public void turnOff() {
        System.out.println("Camera OFF");
    }

    public void monitor() {
        System.out.println("Monitoring activity...");
    }
}

Demonstration: Main Class
public class Main {
    public static void main(String[] args) {
        Person p1 = new Student("Alice", "alice@campus.edu", "S123");
        Person p2 = new Faculty("Dr. Bob", "bob@campus.edu", "Physics");
        Person p3 = new ResearchStudent("Charlie", "charlie@campus.edu", "R456", "Quantum Entanglement");

        p1.displayInfo();  // Dynamic dispatch
        p2.displayInfo();
        p3.displayInfo();

        Device light = new SmartLight("DL1001");
        light.connect();
        light.operate();
        ((Controllable) light).turnOn();
        ((Controllable) light).reset();

        Device cam = new SmartCamera("DC2002");
        cam.connect();
        cam.operate();
        ((Monitorable) cam).monitor();

        System.out.println("Valid ID? " + Controllable.validateID("DL1001"));
    }
}

