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JAVA /| EXCEPTIONS

Introduction to Exceptions

What an exception actually is -- why it exists (the problems with return-value-based
error signaling), a short history of Java's checked exception design decision, the
message/cause/stack trace an exception object carries, what happens when an
exception goes uncaught, reading a stack trace and propagation, and the common
runtime exception triggers (NullPointerException, ArraylndexOutOfBoundsException,
NumberFormatException). The first of 7 lessons in this series -- try/catch mechanics
come next.
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Every program you've written so far in this course has assumed things go right -- an array
index is valid, a string actually holds a number, a value is never null when you use it. Real
programs can't make that assumption. This is the first of seven lessons on how Java handles
the moment something goes wrong, starting with the most basic question: what actually IS
an exception?

What Is an Exception?

An exception is an object -- a real Java object, an instance of a class -- that represents
something unexpected happening while a program runs. When code hits a problem it can't
just continue past (dividing by zero, reading past the end of an array, calling a method on a
reference that's null), the Java Virtual Machine creates an exception object describing
exactly what went wrong, and THROWS it -- a special kind of jump that immediately stops
normal execution and starts looking for something willing to deal with the problem.

Why Does It Exist?

Before exceptions existed as a language feature (older languages like C had no equivalent),
a function that could fail had to signal that failure through its RETURN VALUE -- a special
number like -1, or an out-parameter, that callers had to remember to check EVERY single
time. Forgetting to check was easy, silent, and a common source of real bugs. Exceptions
separate the FAILURE PATH from the SUCCESS PATH entirely: a method's return value only
ever needs to represent success, and a failure can never be silently ignored the way an
unchecked return value could be -- an uncaught exception is loud, not quiet (see "What
Happens When an Exception Goes Uncaught?").
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History

Exception handling as a structured language feature predates Java by decades -- PL/I (1964)
and later CLU and Ada experimented with it, and C++ added try/ catch/ throw in the late
1980s. Java, designed in the mid-1990s, took this further than C++ did with one specific,
debated design decision: CHECKED exceptions, a category the compiler forces you to
acknowledge (covered fully in "Checked vs. Unchecked Exceptions") -- a choice no
mainstream language before Java had made, and one later languages like C# and Kotlin
deliberately walked back. That history is worth knowing now, before checked exceptions are
covered in depth, because it explains WHY Java's exception system looks the way it does.

The Anatomy of an Exception: Throwable, Message, and
Stack Trace

Every exception object -- regardless of its specific class -- carries the same three pieces of
information. A MESSAGE: a human-readable string describing what went wrong, usually set
when the exception is created. A CAUSE: an optional reference to another exception that
TRIGGERED this one (see "Exception Handling Best Practices" for when and why to use it).
And a STACK TRACE: an automatic snapshot of exactly which methods were active, and in
what order, at the moment the exception object was created.
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// Every exception object carries three things worth knowing about before we

// ever write a single try/catch (that's the next lesson): a MESSAGE (a

// human-readable description), a CAUSE (an optional reference to another

// Throwable that triggered this one -- covered fully in "Exception Handling

// Best Practices"), and a STACK TRACE (a snapshot of exactly which method

// calls were active when the exception was created).

//

// We haven't covered try/catch yet, so this example uses a completely

// different, genuinely real mechanism to inspect an exception object:

// Thread.setDefaultUncaughtExceptionHandler. The JVM calls this handler with

// the exact Throwable it's about to report, right before terminating the

// program -- a legitimate way to EXAMINE an exception's anatomy without

// handling it.

public class ExceptionAnatomyExample {

public static void main(String[] args) {
Thread.setDefaultUncaughtExceptionHandler((thread, exception) -> {

System.out.println("Caught by the handler, not by our own code:");
System.out.println("Class: " + exception.getClass().getName());
System.out.println("Message: " + exception.getMessage());
System.out.println("First stack trace line: " + exception.getStackTrace()[0]);

1)

int[] scores = {90, 85, 78};

// Deliberately out of bounds -- this creates an

// ArrayIndexOutOfBoundsException object, throws it, nothing catches
// it, and the handler above receives it right before the JVM exits.
System.out.println(scores[5]);

Every exception class in Java (see "Exception Hierarchy" for the full picture) ultimately
extends Throwable , which is where getMessage() , getCause() , and getStackTrace()
actually come from -- this is true whether the specific exception is an
ArithmeticException, @ NullPointerException, or a custom one you write yourself later
in this series.

What Happens When an Exception Goes Uncaught?

We haven't covered how to handle an exception yet -- that's the very next lesson. Seeing
what happens WITHOUT handling one first makes the value of handling it much clearer.

learnforgex.com Page 3 of 8



//
//
//
//
//
//
//
//
//
//

No try/catch anywhere in this file on purpose -- this lesson is about what
happens BEFORE you learn to handle an exception (see "Try-Catch and
Finally" for that). When an exception is thrown and nothing along the way
catches it, the JVM does three specific things, in order: (1) it stops
running the current thread at the exact point the exception was thrown,
(2) it prints the exception's class, message, and full stack trace to
standard error, (3) it terminates that thread -- for a single-threaded
program like this one, that means the whole program exits, with a

non-zero exit code (run "echo $?" right after this program exits on
Linux/mac0S to see it -- conventionally 1 for an uncaught exception).

public class UncaughtExceptionExample {

public static void main(String[] args) {
System.out.println("About to divide...");
int result = divide(10, 0);
// This 1line NEVER runs -- the exception thrown inside divide(...)
// aborts main() before control ever returns here.
System.out.println("Result: " + result);

}

private static int divide(int a, int b) {

return a / b; // b == 0 here -- the JVM itself creates and throws an
// ArithmeticException, we never wrote "throw" ourselves

An uncaught exception doesn't just print a message and move on -- it terminates the
THREAD it occurred on, immediately, at the exact line that threw it. For the single-
threaded programs this course has written so far, that means the whole program stops
right there, with a non-zero exit code signaling failure to whatever started it (a shell, a
build tool, another program).

Reading a Stack Trace: Propagation Through the Call Chain

An exception doesn't just appear at the top level -- it's created wherever the problem
actually is, often several method calls deep, and PROPAGATES upward through every
method that called it, one frame at a time, until something handles it or it reaches the very

top.
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//
//
//
//
//
//
//
//
//
//
//
//
//

PROPAGATION: when a method doesn't handle an exception (again, we haven't
covered how to yet -- see "Try-Catch and Finally"), the exception moves
UP to whichever method called it, then to whichever method called THAT
one, and so on, until either something handles it or it reaches main()
and the program terminates (see UncaughtExceptionExample). This is called
"unwinding the stack" -- each frame the exception passes through gets
added to its stack trace, in order.

Run this and read the stack trace top to bottom: the FIRST line is where
the exception was actually created (validateQuantity), and each line
after it is one more frame it propagated through on its way back to
main() -- processOrder, then main itself. The stack trace is a direct,
readable record of the call chain at the moment of failure.

public class PropagationThroughCallChainExample {

public static void main(String[] args) {
processOrder("Keyboard", -3);

}
private static void processOrder(String productName, int quantity) {
System.out.println("Processing order for: " + productName);
validateQuantity(quantity); // the exception thrown here has to pass
// THROUGH this method to reach main()
System.out.println("Order processed."); // never reached

}

private static void validateQuantity(int quantity) {
if (quantity <= 0) {
// We ARE writing "throw" here -- a brief, necessary preview.
// "Throw and Throws" covers this keyword properly; here it's
// only a vehicle to demonstrate propagation.

throw new IllegalArgumentException("Quantity must be positive, got:

quantity);

i
}

Why Exceptions Actually Occur in Practice

The exceptions you'll encounter constantly in real Java code aren't exotic -- they come from
a small, recurring set of everyday mistakes and edge cases.
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// A survey of exceptions that occur NATURALLY in everyday code, without
// anyone deliberately writing "throw" -- the JVM itself creates and throws
// these the moment it detects the problem. Only ONE of these can actually
// run and terminate the program per execution (nothing after an uncaught
// exception runs) -- main() calls divideByZero() below; comment it out and
// uncomment a different call to see each one in turn.
public class CommonExceptionTriggersExample {
public static void main(String[] args) {
divideByZero();
// accessInvalidArrayIndex();
// dereferenceNull();
// parseInvalidNumber();
// castToWrongType();
}

private static void divideByZero() {
int result = 10 / 0; // ArithmeticException: "/ by zero"
System.out.println(result);

}

private static void accessInvalidArrayIndex() {
int[] values = {1, 2, 3};
System.out.println(values[3]); // ArrayIndexOutOfBoundsException --
// valid indices here are 0, 1, 2

}

private static void dereferenceNull() {
String text = null;
System.out.println(text.length()); // NullPointerException -- the
// single most common exception
// in real Java code

}

private static void parseInvalidNumber() {
int quantity = Integer.parseInt("not-a-number"); // NumberFormatException --
// extremely common when
// parsing user/file input
System.out.println(quantity);

}
private static void castToWrongType() {
Object value = "a String, not an Integer";
Integer number = (Integer) value; // ClassCastException

System.out.println(number);

Basic Terminology

A handful of words describe this whole process precisely, and this series uses them
consistently from here on. To THROW an exception is to create the object and signal the JVM
to begin looking for a handler ( ExceptionAnatomyExample 's array access does this implicitly;
PropagationThroughCallChainExample 'S throw new IllegalArgumentException(...) does it
explicitly -- see "Throw and Throws" for the keyword itself). To CATCH an exception is to

learnforgex.com Page 6 of 8



write code that intercepts it and decides what to do instead of letting the program terminate
(see "Try-Catch and Finally", the next lesson). PROPAGATION is an uncaught exception
moving from the method that threw it up through every calling method, as shown above. A
STACK TRACE is the printed record of that propagation. And CHECKED vs. UNCHECKED
describes whether the compiler forces you to acknowledge a possible exception at all -- a
distinction significant enough to be its own lesson ("Checked vs. Unchecked Exceptions").

Best Practices

e Read a stack trace from the top down, not the bottom up -- the top line is where
the exception was actually created, which is usually where the real problem is, not where
the program happened to terminate.

e Treat an uncaught exception as information, not just a crash -- the class name,
message, and stack trace together almost always tell you exactly what went wrong and
where, before you write a single line of handling code.

e Learn to recognize the common exception classes on sight ( NullPointerException
, ArrayIndexOutOfBoundsException, NumberFormatException, ArithmeticException,
ClassCastException ) -- see CommonExceptionTriggersExample -- they account for the
overwhelming majority of exceptions you'll actually encounter.

e Don't reach for try/catch yet just because this lesson mentioned exceptions
can be handled -- understanding what an exception actually IS, and what happens
when it isn't handled, is worth sitting with before the next lesson introduces the
mechanics.

Common Mistakes

e Assuming an exception always means a bug in YOUR code. Plenty of exceptions
represent a genuinely exceptional but valid situation (a file that doesn't exist yet, user
input that isn't a number) -- see "Checked vs. Unchecked Exceptions" for how Java's own
type system reflects this distinction.

¢ Ignoring the stack trace and only reading the exception's message. The
message alone often isn't enough to find WHERE the problem happened -- the stack
trace is what pinpoints it.

e Thinking an exception "skips" the rest of the current method silently. It doesn't
skip quietly -- every line after the throw point in every propagating method genuinely
never executes, which is why PropagationThroughCallChainExample 's "Order processed."
line never prints.

e Confusing an exception being thrown with the program simply printing an
error message and continuing. Without a handler, execution does not continue past
the throw point at all -- see the warning in "What Happens When an Exception Goes
Uncaught?".
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Summary, Cheat Sheet, and Glossary

An exception is an object representing something unexpected during execution -- created
and thrown by the JVM (or, later in this series, by your own code) the moment a problem is
detected. Every exception carries a message, an optional cause, and a stack trace, all
inherited from Throwable . Without a handler, an uncaught exception terminates its thread
immediately, propagating upward through every calling method along the way, leaving a
stack trace as a readable record of exactly where it happened. The next six lessons build
directly on these four ideas -- handling exceptions, understanding the class hierarchy they
belong to, the checked/unchecked distinction, throwing your own, and the practices that
separate exception-handling code that helps from code that just hides problems.

Quick reference:

// The JVM throws this automatically -- no "throw" written by us:
int result = 10 / 0; // ArithmeticException: / by zero

// We can throw one ourselves too (full coverage in "Throw and Throws"):
throw new IllegalArgumentException("quantity must be positive");

// Inspecting a Throwable (informally, before try/catch is covered):

exception.getMessage(); // human-readable description

exception.getClass().getName(); // exact exception type

exception.getStackTrace(); // where it happened, frame by frame
Glossary

Exception — An object representing something unexpected that happened during a
program's execution.

Throw — The act of creating an exception object and signaling the JVM to begin looking for
a handler.

Uncaught Exception — An exception no code intercepts, causing the JVM to terminate the
thread it occurred on and print its stack trace.

Propagation — An uncaught exception moving upward from the method that threw it
through every method that called it.

Stack Trace — The printed, ordered record of every method call active at the moment an
exception was created.
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