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What Is an Exception?
An exception is an event that disrupts the normal
execution of a program. It may be caused by a programming
mistake (divison by zero, null pointer access, array index out of
bounds) or by an external cause (a missing file, network
failure, insufficient memory).
public class Example {

public static void main(String args[]) {
int v[] = new int[10];
v[10] = 0; //Oops...
System.out.println("Hello world?");

}
}

When such an abnormal event occurs, JVM throws an
exception (an object that contains relevant information).
"Exception in thread "main"

java.lang.ArrayIndexOutOfBoundsException :10
at Example.main (Example.java:4)"
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Catching and Handling Exceptions
The ”classical” way to handle an exception is by using a
try-catch-finally block.

try {
// Block of instructions that might cause exceptions
methodX();
methodY(); → An exception is thrown
methodZ(); → This method will not be executed

} //There should be at least one catch block
catch (ExceptionType1 variable) {

// Handling exceptions of type 1
}
catch (ExceptionType2 | ExceptionType3 variable) {

// Handling exceptions of type 2 or 3
}
finally {

// Optional cleanup code
// It executes whether or not an exception is thrown
// Useful for handling return, break, continue

}
...execution continues
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Compulsory Exception Handling
In Java, handling errors that have an external cause (environment
or system-level problems) is compulsory. Why?

public static void readFile(String filename) {
FileReader f = null;
f = new FileReader(filename); //open the file ⚠
int c;
while ( (c = f.read()) != -1) {

//read from file character by character ⚠
System.out.print((char)c);

}
f.close(); //close the file ⚠

}

unreported exception FileNotFoundException
must be caught or declared to be thrown

unreported exception IOException
must be caught or declared to be thrown
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Example: Reading a File
public static void readFile(String filename) {

FileReader f = null;
try {

f = new FileReader(filename);
int c;
while ( (c=f.read()) != -1) {

System.out.print((char)c);
}

} catch (FileNotFoundException e) {
System.err.println(filename + " is not found: " + e);

} catch (IOException e) {
System.err.println("Error reading the file: " + e);
//e.printStackTrace();

} finally {
if (f != null) { //this block of code doesn't look nice

try {
f.close();

} catch (IOException e) {
System.err.println("Error closing the file: " + e);

}
}

}
}//Note: there are more efficient ways to read the content of a file
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Throwing Exceptions
A method can specify that certain exceptions, which may occur
during its execution, are not handled within the method but are
propagated to the caller, which is then responsible for
handling them. This is done using the keyword throws.
public class FileReadExample {

public static void readFile(String filename)
throws FileNotFoundException, IOException {

FileReader f = new FileReader(filename);
int c;
while ( (c = f.read()) != -1) {

System.out.print((char)c);
}
f.close();

} //readFile is not required to catch the exceptions anymore
public static void main(String args[]) {

try {
readFile(args[0]);

} catch (FileNotFoundException e) {
System.err.println("File not found: " + e);

} catch (IOException e) {
System.err.println("I/O Error: " + e);
//the context of the exception is less precise

}
}//main becomes responsible with handling readFile exceptions

}
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try-finally

Using try-finally without a catch block is possible if all
potential exceptions are thrown. If an exception is thrown and
not caught, it still propagates after the finally block runs.
public static void readFile(String filename)

throws FileNotFoundException, IOException {
FileReader f = null;
try {

f = new FileReader(filename);
int c;
while ( (c=f.read()) != -1)

System.out.print((char)c);
}
finally {

if (f!=null) f.close();
}

}

Useful for resource cleanup, such as closing a file.
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try-with-resources
try-with-resources is a special form of the try statement that
automatically closes resources, like files, sockets, or streams.
A resource is any object that implements the AutoCloseable
interface, which contains only the method close().
try (ResourceType resource = new ResourceType()) {

// use the resource
} catch (Exception e) { ... } // handle exception
//resource.close() method is guaranteed to be called

An eventual exception from the close method(s) is either
thrown, or suppressed and added to the original exception. 💡
The resources will be closed in reverse order of their declaration.
try (Connection con = createConnection();

Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery(query)) {
return (rs.next() ? rs.getObject(1) : null);

} catch (SQLException e) { System.err.println(e); }
//rs.close() first, then stmt.close(), then con.close()
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Suppressed Exceptions
If an exception is thrown only by close(), it is returned with its
actual type. If an exception is thrown both in the main block of
code, and in close, the main exception is returned and the one
from close is suppressed and attached to the main exception.
class MyResource implements AutoCloseable {

@Override
public void close() throws IOException {

throw new IOException("Exception in close()");
}

}
public class TestSupressed {

public static void main(String[] args) {
try (MyResource res = new MyResource()) {

throw new SQLException("Exception in try");
} catch (IOException | SQLException e) { //or catch (Exception e)

System.out.println("Caught: " + e);
for (Throwable suppressed : e.getSuppressed())

System.out.println("Suppressed: " + suppressed);
}

}
}

Caught : java.sql.SQLException: Exception in try
Suppressed: java.io.IOException : Exception in close()
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Exception Classes Hierachy
java.lang.Throwable is the superclass of all errors and
exceptions in Java. Only objects that are instances of Throwable
(or one of its subclasses) can be thrown by the throw statement.
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Checked versus Unchecked
Checked exceptions are the ones extending Exception class.
They signal abnormal situations that can not be controlled at
design-time, such as file system errors, or network failures.
They must be handled: caught or thrown.
Examples: IOException, SQLException, ParseException.
Unchecked exceptions are, in most cases, caused by situations
out of which the application can not recover, and they do not
need to be handled (though it is possible).

RuntimeExceptions – usually programming mistakes, such as
NullPointerException, or ArithmeticException. Not a
good idea to handle them, except situations when this is
common practice, such NumberFormatException. ⚠
Errors – system (JVM) problems, such as
OutOfMemoryError, or StackOverflowError. They
indicate abnormal conditions that a reasonable application
should not try to handle.
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Who Creates the Exceptions?
Java Virtual Machine (JVM) creates runtime exceptions,
such as NullPointerException, or system errors.
The author of a method or constructor performing sensitive
operations, that might produce abnormal events.
public class FileReader {

public FileReader(File file) throws FileNotFoundException {
//if something is wrong
throw new FileNotFoundException(...); //checked
...

} //the constructor must declare that it throws the exception
}

public class Stack {
public Object peek() {
int len = size();
if (len == 0) throw new EmptyStackException()}; //unchecked
return elementAt(len - 1);

}//peek may or may not declare that it throws the exception
}

12 / 16



Creating Custom Exceptions
Creating exceptions is done by extending a proper subclass
of Throwable. Checked or unchecked? 😕
public class InvalidAgeExeption extends RuntimeException {

private final int age;
public InvalidAgeExeption(int age) {

super("Invalid age: " + age);
this.age = age;

}
public int getAge() {

return age;
}

}

The new exception class can be used just like any other.
public void setAge(int age) {

if (age < 0) throw new InvalidAgeException(age);
this.age = age;

}
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Validating Method Arguments
Validating method arguments is a first line of defense against
security vulnerabilities and unexpected behavior. It makes
debugging easier and prevents bad data from propagating.
In order to signal validation problems, you can use predefined
classes such as IllegalArgumentException or custom ones.
public class Person {

private String name;
private int age;
public void setName(String name) {

if (name == null || name.trim().equals("")) {
throw new IllegalArgumentException("Name should not be empty.");

}
if (!name.matches("[a-zA-Z]+")) {

throw new IllegalArgumentException(
"Name should only contain characters: " + name);

}//how about internationalization?
this.name = name;

}
public void setAge(int age) {

if (age < 0) throw new InvalidAgeException(age);
this.age = age;

} //...
} //You may also consider using a framework such as Apache Commons Validator
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Exception Chaining (Wrapping)
Exception chaining allows to associate one exception with
another, indicating that one exception was the direct or
indirect cause of another.
Consider the layers: UI → Business → DAO
//Business layer
try {

dataLayer.persist(person);
} catch (SQLException sqlException) {

//catch the original exception, caused by a database problem
System.err.println(sqlException);
//create a new, custom exception, wrapping the original,
//which becomes the cause of the newly created exception
DataException wrapperException =

new DataException("Database problem", sqlException);
//add other details, to inform the UI layer
wrapperException.setDetail("Invalid person: " + person);
throw wrapperException; //throw the custom exception to UI

} // This is an example of Decorator design pattern 💡
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Benefits of Exceptions
Separation of Concerns (Clean Code)

Separates error-handling code from regular logic.
Improves readability and maintainability.
Exceptions are grouped by their types.

Error Propagation (Up the Call Stack)
No more repetitive error-checking code at every level.
Errors can ”bubble up” the call stack.
Exceptions can be chained.

Meaningful Error Reporting
Stack traces for debugging.
What went wrong, where it happened, how it happened.

Robustness and Program Stability
Prevents abrupt program termination.
Ensures continuity of the program.

Resource Management: try-with-resources
Robustness: Compile time error checking
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