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In Java programming, the concepts of declaring classes and methods as final
serve specific purposes related to security, design clarity, and performance
optimization. One of the prominent reasons for declaring methods as final is
that they allow the Java compiler and JVM to perform optimizations such as
inlining. While final methods prevent overriding, they also unlock potential
performance benefits, making code more efficient. This article explores the
various reasons behind declaring classes and methods as final, with a special
focus on how final methods enable inlining for improved performance.

Understanding the Concept of Final in Java

Before diving into specific reasons, it’s important to understand what the
final keyword signifies in Java.

Final Classes

- Declaring a class as final means it cannot be subclassed.

- Used to maintain the integrity of the class and prevent inheritance.

- Commonly used for utility classes like "String , "Math , and "Integer in
Java.

Final Methods

- Declaring a method as final means it cannot be overridden by subclasses.
- Ensures that the intended behavior of the method remains unchanged across
inheritance hierarchies.

- Typically used for critical methods that must not be altered for
correctness or security reasons.

Primary Reasons for Declaring Classes and
Methods as Final

While the primary motivation for marking classes and methods as final relates
to security, immutability, and design clarity, several secondary reasons also



influence this choice. Below are the key reasons, with particular emphasis on
performance-related benefits.

1. Final Methods Allow Inlining

This is a crucial reason why developers declare methods as final. Inlining 1is
an optimization technique where the method call is replaced with the actual
method code during compilation or runtime, reducing call overhead and
potentially increasing performance.

What is Method Inlining?

- A compiler or JVM optimization where the method call is replaced with the
method’s actual code.

- Eliminates the overhead associated with method invocation.

- Can lead to further optimization opportunities like constant folding and
dead code elimination.

How Final Methods Facilitate Inlining

- The JVM can safely inline final methods because their implementation is
guaranteed not to change.

- Since final methods cannot be overridden, the JVM does not need to perform
dynamic dispatch (virtual method lookup) at runtime.

- As a result, final methods are more straightforward to inline compared to
non-final methods.

Benefits of Final Methods Allowing Inlining

- Enhanced Performance: Reduced method call overhead leads to faster
execution.

- Better Optimization: Enables aggressive JVM optimizations like inline
caching.

- Reduced Virtual Dispatch: Eliminates the need for dynamic method
resolution, simplifying execution flow.

Example Scenario
Suppose you have a class with a final method:

““java
public class Calculator {
public final int add(int a, int b) {
return a + b;
}
}

During runtime, the JVM can inline “add()  directly at call sites, avoiding



the overhead of method lookup, especially in tight loops or performance-
critical sections.

2. Security and Integrity of Methods

Declaring methods as final ensures that their implementation cannot be
altered by subclasses, which is vital for:

- Preventing malicious or unintended behavior.
- Maintaining data integrity.
- Ensuring core functionalities remain unaltered.

Use Cases

- Critical methods that perform security checks.

- Methods that manage sensitive data.

- Methods that implement core business logic where modification could
introduce bugs.

3. Design and API Stability

Making classes or methods final helps:

- Enforce immutability and consistent behavior.
- Simplify the inheritance hierarchy.
- Protect API contracts from accidental or intentional modifications.

Implications

- Less risk of breaking existing code.
- Clearer understanding of class and method purpose.

4. Preventing Method Overriding for Correctness

Some methods are declared final to:

- Ensure that subclasses do not override behavior that is critical for
correctness.
- Maintain consistent behavior across subclasses.



Example

" java
public class Base {
public final void process() {
// critical processing logic
}
}

Any subclass cannot override "process() , ensuring that the core processing
remains consistent.

5. Facilitating Compiler and JVM Optimizations

Beyond inlining, final methods enable other optimizations such as:
- Better code analysis during compilation.

- Reduced need for dynamic dispatch mechanisms.
- Improved runtime performance and efficiency.

Additional Optimizations Enabled by Final Methods

e Constant propagation
e Dead code elimination

e Loop unrolling

6. Supporting Immutable Classes

Final classes and methods often go hand-in-hand with immutable objects, which
are thread-safe and require no synchronization.

- Declaring classes as final prevents subclassing, ensuring immutability.
- Final methods prevent modification of internal state.

Example: The “String  class in Java is final, and its methods are carefully
designed to preserve immutability.



Summary and Best Practices

Declaring classes and methods as final is a strategic decision in Java
development, serving multiple purposes:

- It enhances security by preventing unauthorized modifications.

- It improves code stability and API consistency.

- Most notably, final methods facilitate inlining, which can significantly
boost performance.

Best Practices:

- Use final for methods that should not be overridden to maintain
correctness.

- Declare classes as final when they are not intended to be subclassed,
especially for immutable classes.

- Consider performance implications when designing high-throughput or
performance-critical components, leveraging final methods for inlining
opportunities.

Conclusion

The decision to declare classes and methods as final in Java is driven by
various factors, ranging from security and design clarity to performance
optimization. Among these, the ability of final methods to allow inlining
stands out as a significant reason, enabling the JVM to perform more
aggressive optimizations. By understanding the underlying benefits and best
practices, developers can leverage the final keyword effectively to write
secure, stable, and high-performance Java applications.

Frequently Asked Questions

Why are classes and methods often declared final in
Java?

Declaring classes and methods as final helps prevent inheritance and
overriding, ensuring the integrity and security of the code, and allows for
certain optimizations.

How does declaring a method as final enable inlining
in Java?

Final methods can be inlined by the compiler because their behavior cannot be
changed by subclasses, allowing the JVM to optimize method calls for better
performance.



What are the benefits of using final classes and
methods besides enabling inlining?

Using final classes and methods enhances security, maintains consistency,
prevents unintended modifications, and can improve performance due to
compiler optimizations.

Are there any drawbacks to declaring classes and
methods as final?

Yes, declaring classes and methods as final reduces flexibility, as they
cannot be extended or overridden, which may limit design options and
extensibility.

Can final methods be overridden in Java?

No, final methods cannot be overridden in Java, ensuring that their
implementation remains unchanged in subclasses.

Additional Resources

Classes and methods are declared final for all but the following reasons: a.
Final methods allow inlining

In the world of Java programming, the use of the "final  keyword to declare
classes and methods is a strategic choice made by developers to control
inheritance and method overriding. While the primary motivations for
declaring classes or methods as final include enforcing design constraints,
ensuring immutability, and enhancing security, one notable technical
advantage—particularly relevant in performance optimization—is that final
methods allow inlining. This article explores the various reasons behind
declaring classes and methods as final, with a special focus on how final
methods facilitate inlining, along with their implications, benefits, and
trade-offs.

Understanding the Concept of Final in Java

Before delving into the specific reasons for declaring classes and methods as
final, it’s crucial to understand what the “final® keyword signifies in Java.

- Final Classes: A class declared as final cannot be extended by any other
class. This restriction enforces inheritance constraints, often used to
prevent modification of critical classes, such as “String  or "Math .

- Final Methods: Methods declared as final cannot be overridden by



subclasses. This ensures that the method’s implementation remains unchanged
throughout inheritance hierarchies.

The decision to declare a class or method as final is typically driven by
design considerations, performance optimization, or security concerns.

Reasons for Declaring Classes and Methods Final

The primary reasons for making classes and methods final generally fall into
these categories:

Design and Encapsulation

Immutability and Thread Safety

Security

Performance Optimization (Inlining)
Preventing Unwanted Overrides and Inheritance
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Among these, the focus of this discussion is on performance-related reasons,
especially how final methods enable inlining, which can significantly impact
runtime efficiency.

Design and Encapsulation

Encapsulation and API Stability

Declaring classes as final helps in maintaining a stable API. When a class is
final, it ensures that its implementation will not be altered through
inheritance, which could affect dependent code.

Advantages:
- Prevents subclassing that could compromise the integrity of the class.
- Simplifies debugging and maintenance.

Disadvantages:
- Reduces flexibility for extension.
- May limit reuse in complex systems where inheritance could be beneficial.

Use Cases:
- Utility classes like “String’, "Integer’, and “Boolean.
- Classes where extension might introduce security or stability issues.



Immutability and Thread Safety

Ensuring Immutable Objects

Final classes and methods are often used to create immutable objects, which
are inherently thread-safe because their state cannot change after creation.

Advantages:
- Simplifies concurrent programming.
- Avoids synchronization issues.

Features:

- Declaring fields as final.

- Declaring classes as final to prevent subclassing that could alter
immutability.

Example:
" java
public final class ImmutablePerson {
private final String name;
private final int age;

public ImmutablePerson(String name, int age) {
this.name = name;
this.age = age;

}

public String getName() { return name; }
public int getAge() { return age; }
}

Security Considerations

Preventing Malicious Overrides

Declaring classes or methods as final can prevent malicious or unintended
overriding, which could compromise security.

Use Cases:
- Core security classes.
- Authentication mechanisms.

Pros:
- Ensures critical methods behave as expected.
- Reduces attack surface.



Cons:
- Less flexibility for future modifications or extensions.

Performance Optimization: How Final Methods
Enable Inlining

This section is dedicated to understanding the core performance reason behind
declaring methods final, especially how it enables inlining, and the
associated benefits and limitations.

What is Inlining?

Inlining is a compiler optimization technique where the method call is
replaced with the actual method code at compile time or runtime. This
eliminates the overhead associated with method invocation, such as stack
operations and indirect calls, leading to faster execution.

Benefits of inlining include:

- Reduced method call overhead.

- Improved cache locality.

- Potential for further optimization by the compiler or JVM.

Why are Final Methods Suitable for Inlining?

The Java Virtual Machine (JVM) and Just-In-Time (JIT) compiler can more
confidently inline final methods because:

- No Override Possible: Since final methods cannot be overridden, the JVM
knows exactly which method implementation will be invoked at runtime.

- Predictability: This certainty allows the JIT compiler to optimize method
calls aggressively, including inlining, without worrying about dynamic
dispatch.

In essence:

- Final methods provide the JVM with the guarantee needed to safely replace
method calls with direct code.

- This leads to performance gains, especially in tight loops or performance-
critical code.



How Does Inlining Improve Performance?

- Avoids Method Dispatch: Eliminates the overhead of dynamic method lookup.
- Enables Further Optimizations: Inlined code can be optimized more
effectively, such as constant folding, dead code elimination, and register
allocation.

- Reduces Call Stack Usage: Leads to less memory overhead during execution.

Example of Inlining Benefit

Suppose we have:

““java
public final class MathUtils {
public final int multiply(int a, int b) {
return a b;
}
}

In performance-critical loops, the JVM can inline "multiply() , resulting in
faster execution compared to calling a non-final method with dynamic
dispatch.

Performance comparison:

- Final method inlined: No method call overhead.

- Non-final method: JVM may need to perform virtual dispatch, incurring
overhead.

Trade-offs and Limitations of Final Methods for
Inlining

While final methods offer performance benefits through inlining, there are
some trade-offs:

- Reduced Flexibility: Making methods final restricts the ability to override
for polymorphic behavior, which could limit extensibility.

- Potential for Larger Class Files: Extensive use of final methods might lead
to larger class files due to inlining-related optimizations.

- Compiler and JVM Dependency: The actual inlining depends on JVM
implementation and compiler capabilities; declaring a method as final does
not guarantee inlining will occur.



Other Reasons for Declaring Classes and Methods
Final

Aside from performance, other compelling reasons include:

- API Stability: Ensuring that critical classes or methods are not altered
unintentionally.

- Security: Preventing malicious subclasses or overridden methods that could
compromise application security.

- Design Clarity: Communicating intent that a class or method should not be
extended or overridden, thus guiding developers toward proper usage.

Summary

Declaring classes and methods as final is a strategic decision driven by
multiple considerations:

- Design principles: Enforcing encapsulation and API stability.

- Immutability: Creating thread-safe, immutable objects.

- Security: Protecting critical code segments.

- Performance: Enabling inlining, which reduces method call overhead and
enhances JVM optimizations.

In particular, final methods are highly valued in performance-critical
applications because they allow the JVM's JIT compiler to safely inline
methods, leading to faster execution and more efficient code. However, this
benefit must be balanced against the need for flexibility and extensibility
within applications.

Conclusion

The use of “final® for classes and methods in Java is a multifaceted decision
that influences code safety, maintainability, security, and performance.
While the fact that final methods enable inlining is a significant technical
advantage, especially in high-performance scenarios, developers must weigh
this benefit against the potential drawbacks of reduced flexibility.
Understanding the underlying mechanisms of inlining and the strategic reasons
for declaring constructs as final helps developers write optimized, secure,



and reliable Java applications. As JVM technology evolves, the benefits of
final methods for inlining will continue to be an essential aspect of
performance tuning and design considerations in Java development.
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