
UNIT-4 

Exception handling, Multithreading and Advanced concepts: 

 

Types of errors in java 

Type When Detected Examples Can be 

Caught? 

Compile-time error At compile Syntax errors, missing ; No (fix to 

compile) 

Runtime error 

(Exception) 

During execution NullPointerException, 

IOException 

Yes (try-

catch) 

Logical error At runtime (wrong 

output) 

Wrong logic, wrong algorithm No (debug & 

test) 

Error (serious) During execution OutOfMemoryError, 

StackOverflowError 

Usually No 

 

Exception handling: 

Exception handling in Java helps manage runtime errors, called exceptions, that might disrupt your 

program. Without it, an error can crash the program, risking data loss or instability. Exception handling 

lets you detect, address, and recover from these issues, keeping your program running smoothly. 

try-catch block: 

The core of exception handling in Java is the try-catch block. The try block encloses the code that might 

potentially throw an exception. If an exception occurs within the try block, the program immediately 

jumps to the corresponding catch block, which is designed to handle that specific type of exception. 

try { 

    // Code that might throw an exception 

    int result = 10 / 0; // This will throw an ArithmeticException 

    System.out.println("Result: " + result); // This line will not be executed 

} catch (ArithmeticException e) { 

    // Code to handle the ArithmeticException 

    System.out.println("Error: Division by zero!"); 

    System.out.println("Exception details: " + e.getMessage()); 

} finally { 

    // Optional block that executes regardless of whether an exception occurred 

    System.out.println("This will always be executed."); 



} 

System.out.println("Program continues..."); 

Types of Java Exceptions 

1. Checked Exceptions 

Checked exceptions are exceptions that the compiler forces you to handle. If a method might throw a 

checked exception, you must either catch it using a try-catch block or declare that the method throws 

the exception using the throws keyword.  These exceptions are typically related to external resources or 

conditions that are beyond the control of the program, such as file I/O or network connectivity. 

import java.io.BufferedReader; 

import java.io.FileReader; 

import java.io.IOException; 

public class CheckedExceptionExample { 

    public static void readFile(String filePath) throws IOException { 

        BufferedReader reader = null; 

        try { 

            reader = new BufferedReader(new FileReader(filePath)); 

            String line; 

            while ((line = reader.readLine()) != null) { 

                System.out.println(line); 

            } 

        } finally { 

            if (reader != null) { 

                reader.close(); // IOException might be thrown here 

            } 

        } 

    } 

    public static void main(String[] args) { 

        try { 

            readFile("nonexistent_file.txt"); 

        } catch (IOException e) { 



            System.out.println("Error reading file: " + e.getMessage()); 

        } 

    } 

} 

2. Unchecked Exceptions 

Unchecked exceptions, also known as runtime exceptions, are exceptions that the compiler does not 

force you to handle. These exceptions typically indicate programming errors or invalid input. Examples 

include NullPointerException, ArrayIndexOutOfBoundsException, and IllegalArgumentException. While 

you are not required to handle unchecked exceptions, it is good practice to anticipate and prevent them 

whenever possible. 

public class UncheckedExceptionExample { 

    public static void main(String[] args) { 

        int[] numbers = {1, 2, 3}; 

        try { 

            System.out.println(numbers[5]); // This will throw an ArrayIndexOutOfBoundsException 

        } catch (ArrayIndexOutOfBoundsException e) { 

            System.out.println("Error: Array index out of bounds!"); 

            System.out.println("Exception details: " + e.getMessage()); 

        } 

    } 

} 

The Purpose of Try-Catch-Finally 

The try-catch-finally block is a fundamental construct in Java for handling exceptions. Exceptions are 

events that disrupt the normal flow of program execution.  Without proper handling, exceptions can 

lead to program crashes or unpredictable behavior. The try-catch-finally block allows you to gracefully 

manage these exceptions, preventing abrupt termination and providing opportunities to recover from 

errors or perform necessary cleanup operations. 

try Block: The try block encloses the code that might potentially throw an exception.  The Java runtime 

monitors this block for any exceptions that occur during its execution. 

catch Block: The catch block follows the try block and is used to handle specific types of exceptions.  You 

can have multiple catch blocks to handle different exception types.  When an exception occurs within 

the try block, the Java runtime searches for a catch block that matches the exception type.  If a matching 

catch block is found, the code within that block is executed. 



finally Block: The finally block is optional and follows the try and catch blocks.  The code within the 

finally block is always executed, regardless of whether an exception occurred in the try block or not, and 

regardless of whether a matching catch block was found.  This makes it ideal for cleanup operations, 

such as closing files or releasing resources, that must be performed regardless of the outcome of the try 

block. 

Syntax 

The basic syntax of a try-catch-finally block is as follows: 

try { 

    // Code that might throw an exception 

} catch (ExceptionType1 e1) { 

    // Code to handle ExceptionType1 

} catch (ExceptionType2 e2) { 

    // Code to handle ExceptionType2 

} finally { 

    // Code that always executes 

} 

try:  The keyword that begins the try block. 

// Code that might throw an exception:  This is where you place the code that you suspect might throw 

an exception. 

catch (ExceptionType1 e1):  The keyword catch followed by the exception type you want to handle 

(ExceptionType1) and a variable name (e1) to refer to the exception object. 

// Code to handle ExceptionType1:  The code that will be executed if an exception of type 

ExceptionType1 is thrown in the try block. 

You can have multiple catch blocks, each handling a different exception type. 

finally:  The keyword that begins the finally block. 

// Code that always executes:  The code that will always be executed, regardless of whether an 

exception was thrown or caught. 

 

 

 

Example 



Here's a Java example that demonstrates the use of try-catch-finally to handle a potential 

ArithmeticException (division by zero): 

public class TryCatchFinallyExample { 

 

    public static void main(String[] args) { 

        int numerator = 10; 

        int denominator = 0; 

        int result; 

 

        try { 

            result = numerator / denominator; // Potential ArithmeticException 

            System.out.println("Result: " + result); // This line won't execute if an exception occurs 

        } catch (ArithmeticException e) { 

            System.err.println("Error: Division by zero!"); 

            System.err.println("Exception details: " + e.getMessage()); 

            result = 0; // Provide a default value for result 

        } finally { 

            System.out.println("Finally block executed."); 

        } 

 

        System.out.println("Program continues after try-catch-finally."); 

        System.out.println("Result after handling: " + result); 

    } 

} 

 

 

 

 

Explanation: 



try Block: The code result = numerator / denominator; is placed within the try block because it might 

throw an ArithmeticException if denominator is zero. 

catch Block: The catch (ArithmeticException e) block catches the ArithmeticException if it occurs.  Inside 

the catch block, an error message is printed to the console, and a default value (0) is assigned to the 

result variable to prevent further errors. 

finally Block: The finally block always executes, printing "Finally block executed." to the console.  This 

happens regardless of whether the ArithmeticException was thrown or caught. 

Program Flow: Because an ArithmeticException is thrown, the System.out.println("Result: " + result); 

line inside the try block is skipped. The catch block is executed, and then the finally block is executed.  

Finally, the program continues execution after the try-catch-finally block. 

Output: 

Error: Division by zero! 

Exception details: / by zero 

Finally block executed. 

Program continues after try-catch-finally. 

Result after handling: 0 

 

Multithreading: 

Multithreading in Java lets multiple tasks (threads) run at the same time in a program. Each thread is like 

a mini-process with its own path, but they share the program's memory and resources. This makes 

better use of the CPU and boosts performance, especially for tasks like input/output or heavy 

calculations. 

Example: 

// Creating a Thread by extending the Thread class 

class MyThread extends Thread { 

    @Override 

    public void run() { 

        for (int i = 0; i < 5; i++) { 

            System.out.println("Thread " + Thread.currentThread().getId() + ": " + i); 

            try { 

                Thread.sleep(100); // Simulate some work 

            } catch (InterruptedException e) { 



                e.printStackTrace(); 

            } 

        } 

    } 

} 

 

public class MultithreadingExample { 

    public static void main(String[] args) { 

        MyThread thread1 = new MyThread(); 

        MyThread thread2 = new MyThread(); 

 

        thread1.start(); // Start the first thread 

        thread2.start(); // Start the second thread 

    } 

} 

 

Multithreading Vs Multitaksing: 

Feature Multithreading Multitasking 

Definition Multiple threads running 

within a single program 

Multiple programs/processes 

running at the same time 

Unit of Execution Thread Process 

Memory Usage Threads share the same 

memory space 

Each process has its own memory 

space 

Efficiency More efficient (lightweight) Less efficient (heavier on system 

resources) 

Control Managed within the Java 

program 

Managed by the operating system 

Example File upload and progress bar 

update in one app 

Running a browser, music player, 

and Java app together 

Implementation in 

Java 
Using Thread class or 

Runnable interface 

Java does not directly manage 

multitasking 

Use Case Real-time apps, games, GUI 

apps 

Operating system level process 

management 

Multitasking:  Multitasking refers to the ability of an operating system to run multiple programs 

(processes) concurrently. Each program has its own memory space and resources.  The OS switches 



between these processes, giving the illusion of parallel execution.  There are two main types of 

multitasking:  

Process-based Multitasking (Multiprocessing):  Multiple independent programs run concurrently.  Each 

program has its own memory space.  Examples include running a web browser, a text editor, and a 

music player simultaneously. 

Thread-based Multitasking (Multithreading):  Multiple threads within a single program run concurrently.  

Threads share the same memory space.  This is what we discussed above. 

Life Cycle of Threads in Java 

The life cycle of a thread in Java consists of several states that a thread can be in during its execution. 

Understanding these states is crucial for effective multithreaded programming in Java. 

Thread States in Java 

New: When a thread is created but not yet started 

Runnable: When the thread is ready to run but waiting for CPU allocation 

Running: When the thread is currently executing 

Blocked/Waiting: When the thread is temporarily inactive 

Terminated/Dead: When the thread has completed execution 

 

 

Creating Threads in Java: Extending Thread vs. Implementing Runnable Interface 

1. Extending the Thread Class 

The first way to create a thread in Java is by creating a class that extends the Thread class.  You then 

override the run() method, which contains the code that will be executed by the thread. 



Example: 

class MyThread extends Thread { 

    private String threadName; 

    public MyThread(String name) { 

        this.threadName = name; 

    } 

 

    @Override 

    public void run() { 

        System.out.println("Thread " + threadName + " is running"); 

        try { 

            // Simulate some work 

            for (int i = 0; i < 5; i++) { 

                System.out.println(threadName + ": " + i); 

                Thread.sleep(100); // Pause for 100 milliseconds 

            } 

        } catch (InterruptedException e) { 

            System.out.println("Thread " + threadName + " interrupted."); 

        } 

        System.out.println("Thread " + threadName + " finished"); 

    } 

    public static void main(String[] args) { 

        MyThread thread1 = new MyThread("Thread-1"); 

        MyThread thread2 = new MyThread("Thread-2"); 

 

        thread1.start(); // Start the thread 

        thread2.start(); // Start the thread 

    } 

} 



 

2. Implementing the Runnable Interface 

The second way to create a thread is by implementing the Runnable interface.  This interface has a 

single method, run(), which you must implement.  You then create a Thread object, passing your 

Runnable implementation to the Thread constructor. 

Example: 

class MyRunnable implements Runnable { 

    private String threadName; 

 

    public MyRunnable(String name) { 

        this.threadName = name; 

    } 

 

    @Override 

    public void run() { 

        System.out.println("Thread " + threadName + " is running"); 

        try { 

            // Simulate some work 

            for (int i = 0; i < 5; i++) { 

                System.out.println(threadName + ": " + i); 

                Thread.sleep(100); // Pause for 100 milliseconds 

            } 

        } catch (InterruptedException e) { 

            System.out.println("Thread " + threadName + " interrupted."); 

        } 

        System.out.println("Thread " + threadName + " finished"); 

    } 

 

    public static void main(String[] args) { 



        MyRunnable runnable1 = new MyRunnable("Thread-1"); 

        MyRunnable runnable2 = new MyRunnable("Thread-2"); 

 

        Thread thread1 = new Thread(runnable1); 

        Thread thread2 = new Thread(runnable2); 

 

        thread1.start(); // Start the thread 

        thread2.start(); // Start the thread 

    } 

} 

What is Thread Synchronization? 

Thread synchronization is like a traffic light for threads - it controls when threads can access shared 

resources to prevent crashes and errors. 

 

Why Do We Need It? 

 When multiple threads try to use the same data at once, they can "step on each other's toes" 

 Without synchronization, data can get corrupted (like two people editing the same document at 

the same time) 

 It prevents strange, unpredictable bugs in your program 

 

How It Works (Basic Idea): 

 Imagine a bathroom with a lock: 

 Only one person (thread) can enter at a time 

 The person locks the door while using it (synchronized block) 

 Others must wait until it's unlocked 

 Next person can then enter 

 

Simple Example: 

class Counter { 

    private int count = 0; 

     



    // Synchronized method - only one thread can use this at a time 

    public synchronized void increment() { 

        count++; // Safe operation 

    } 

} 

 

Key Points: 

 

 synchronized is the keyword that provides the "lock" 

 It creates orderly access to shared resources 

 Prevents threads from interfering with each other 

 Makes multithreaded programs behave predictably 

 

Advanced Java Concepts Explained with Examples 

 

1. Advanced Collection Framework 

Java Collection Framework 

The Java Collection Framework is a unified architecture for representing and manipulating collections of 

objects. It provides a set of interfaces, implementations, and algorithms to store and process groups of 

data efficiently. 

 

1. Core Hierarchy 

text 

Iterable (Interface) 

    └── Collection (Interface) 

        ├── List (Interface) 

        ├── Set (Interface) 

        └── Queue (Interface) 

            └── Deque (Interface) 

 



Map (Interface) → Separate hierarchy 

 

2. Key Interfaces 

A. Collection Interface (Root Interface) 

Common methods for all collections: 

 

java 

boolean add(E e) 

boolean remove(Object o) 

boolean contains(Object o) 

int size() 

boolean isEmpty() 

Iterator<E> iterator() 

 

B. List Interface (Ordered Collection) 

Maintains insertion order 

Allows duplicates 

Index-based access 

Common Implementations: 

ArrayList (Resizable array) 

LinkedList (Doubly-linked list) 

Vector (Thread-safe legacy) 

Stack (LIFO structure) 

 

C. Set Interface (Unique Elements) 

No duplicates 

No ordering (unless using LinkedHashSet or SortedSet) 

Common Implementations: 

HashSet (Hash table) 



LinkedHashSet (Hash table + linked list) 

TreeSet (Red-black tree) 

 

D. Queue/Deque Interfaces (FIFO/LIFO) 

Queue: FIFO (First-In-First-Out) 

Deque: Double-ended queue 

Common Implementations: 

 

PriorityQueue (Heap-based) 

ArrayDeque (Resizable array) 

LinkedList (Implements both List and Deque) 

 

 

E. Map Interface (Key-Value Pairs) 

Not part of Collection interface 

Unique keys 

 

Common Implementations: 

HashMap (Hash table) 

LinkedHashMap (Insertion-order preserved) 

TreeMap (Red-black tree) 

Hashtable (Legacy, thread-safe) 

ConcurrentHashMap (Thread-safe) 

Examples: 

a) ConcurrentHashMap (Thread-safe Map) 

java 

ConcurrentHashMap<String, Integer> map = new ConcurrentHashMap<>(); 

map.put("A", 1); 

map.putIfAbsent("B", 2); // Atomic operation 



map.compute("A", (k, v) -> v + 10); // Thread-safe update 

System.out.println(map); // {A=11, B=2} 

b) Custom Immutable List (Extending AbstractList) 

java 

class ImmutableList<E> extends AbstractList<E> { 

    private final E[] elements; 

     

    ImmutableList(E[] data) { this.elements = Arrays.copyOf(data, data.length); } 

     

    @Override public E get(int index) { return elements[index]; } 

    @Override public int size() { return elements.length; } 

} 

 

ImmutableList<String> list = new ImmutableList<>(new String[]{"A", "B"}); 

// list.add("C"); // UnsupportedOperationException (Immutable) 

 

2. JavaBeans 

JavaBeans are reusable software components following specific conventions. 

 

Key Features: 

Properties (Private fields with getters/setters) 

 

Serializable (Can be saved/restored) 

 

No-arg constructor 

 

Event handling (Optional) 

 

Example: 



java 

import java.io.Serializable; 

 

public class User implements Serializable { 

    private String name; // Property 

    private int age;     // Property 

     

    // No-arg constructor (JavaBean requirement) 

    public User() {} 

     

    // Getters & Setters (JavaBean convention) 

    public String getName() { return name; } 

    public void setName(String name) { this.name = name; } 

     

    public int getAge() { return age; } 

    public void setAge(int age) { this.age = age; } 

} 

 

// Usage: 

User user = new User(); 

user.setName("Alice"); 

user.setAge(25); 

System.out.println(user.getName()); // Alice 

 

3. Java Security Manager (Deprecated in Java 17) 

The SecurityManager was used to enforce security policies (now largely replaced by Java Modules). 

 

Key Concepts: 

Permissions (FilePermission, SocketPermission) 



 

Policy Files (java.policy) 

 

Sandboxing (Restricting untrusted code) 

 

Example (Legacy Usage): 

java 

SecurityManager sm = System.getSecurityManager(); 

if (sm != null) { 

    sm.checkPermission(new FilePermission("/tmp/test.txt", "read")); 

} 

System.out.println("Allowed to read file"); 

Modern Alternative (Java Modules) 

java 

module com.myapp { 

    requires java.base; 

    exports com.myapp.api; 

    opens com.myapp.internal to another.module; 

} 

 

4. Generic Programming 

Generics enable type-safe reusable code by allowing classes, interfaces, and methods to operate on 

different data types. 

 

Key Features: 

Type Parameters (<T>, <K,V>) 

 

Bounded Types (<T extends Number>) 

 



Wildcards (?, ? extends T, ? super T) 

 

Examples: 

a) Generic Class 

java 

class Box<T> { 

    private T content; 

     

    public void set(T content) { this.content = content; } 

    public T get() { return content; } 

} 

 

Box<String> stringBox = new Box<>(); 

stringBox.set("Hello"); 

System.out.println(stringBox.get()); // Hello 

b) Bounded Generic Method 

java 

public <T extends Number> double sum(List<T> numbers) { 

    return numbers.stream().mapToDouble(Number::doubleValue).sum(); 

} 

 

List<Integer> ints = List.of(1, 2, 3); 

System.out.println(sum(ints)); // 6.0 

c) Wildcards for Flexibility 

java 

// Accepts any List of Numbers or subclasses (e.g., Integer, Double) 

public void printNumbers(List<? extends Number> numbers) { 

    numbers.forEach(System.out::println); 

} 



 

printNumbers(List.of(1, 2, 3)); // Works 

printNumbers(List.of(1.5, 2.5)); // Also works 


