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Understanding how parameters are passed in programming languages is crucial for writing efficient,
predictable, and maintainable code. Ada, a language renowned for its strong typing, reliability, and
suitability for safety-critical systems, provides programmers with precise control over parameter
passing mechanisms. Among these, the "in out" parameter mode is particularly interesting because
it allows procedures to modify the actual argument passed to them. Notably, Ada's language design
permits the system to implement "in out" parameters using either pass-by-reference or other
internal mechanisms, depending on the implementation. This article explores the nuances of passing
"in out" parameters in Ada, the underlying mechanisms, and best practices for developers.

---

Understanding Parameter Modes in Ada

Before delving into the specifics of "in out" parameters, it’s essential to understand the different
parameter modes available in Ada:

In Mode
- Definition: The parameter is used only for input; the procedure cannot modify it.
- Behavior: Passes the argument to the procedure, typically via copy or reference depending on
implementation.
- Use Case: When the procedure needs to read data without altering the original.

Out Mode
- Definition: The parameter is intended solely for output; the procedure assigns a value to it.
- Behavior: The parameter is uninitialized upon entry; the procedure assigns a value before
returning.
- Use Case: When the procedure produces a result or output.

In Out Mode
- Definition: The parameter serves as both input and output; it can be read and modified.
- Behavior: The actual argument is passed into the procedure, and any changes made are reflected in
the caller.



- Use Case: When a procedure needs to update or modify the caller's data.

---

How Ada Implements "in Out" Parameters

The key point about Ada's "in out" parameters is that the language specification permits the
compiler or implementation to choose the most efficient method of passing the argument. The two
primary mechanisms are:

Pass-by-Reference
- Description: The procedure receives a reference (pointer) to the actual argument.
- Advantages:
- Efficient for large data structures or complex objects.
- Changes within the procedure directly affect the caller's data.
- Implementation: Most Ada compilers implement "in out" parameters using pass-by-reference, akin
to pointers in C.

Pass-by-Copy with Internal Storage
- Description: Some implementations may copy the argument into an internal storage (like a local
variable) and then copy back changes upon procedure completion.
- Advantages:
- Safer in some contexts.
- Allows for certain optimizations.
- Trade-offs: Slightly less efficient for large data.

Important: The Ada language does not specify exactly how "in out" parameters are passed, only that
they can be implemented in either way. This flexibility allows compiler vendors to optimize
performance based on target hardware and application needs.

---

Implications for Developers

Understanding that Ada's "in out" parameters can be passed via either mechanism has several
implications:

Performance Considerations
- For large data types or records, pass-by-reference minimizes copying overhead.
- For small data types, copying may be negligible, and safety considerations might favor copy
semantics.



Safety and Side Effects
- When passing by reference, procedures can modify caller data directly, which necessitates careful
design to avoid unintended side effects.
- When copying is used internally, modifications do not affect the caller unless explicitly assigned
back.

Portability and Compatibility
- Since the implementation of parameter passing is not strictly defined, portability concerns are
minimal.
- Developers can rely on the language's semantics, but should be aware of compiler-specific
behaviors if performance is critical.

---

Best Practices in Using "in Out" Parameters in Ada

Given the flexibility in implementation, here are some best practices for using "in out" parameters
effectively:

1. Prefer Immutable Data When Possible
- Use "in" parameters when data does not need to be modified.
- This reduces side effects and improves code clarity.

2. Minimize the Use of Large Data Types for "in Out"
- For large records or complex data structures, prefer passing by reference to enhance performance.
- Avoid unnecessary copying.

3. Document the Expected Behavior
- Clearly specify whether a procedure modifies its "in out" parameters.
- Use comments or Ada's parameter mode annotations to clarify intent.

4. Use Access Types for Explicit Reference Semantics
- When necessary, define parameters as access types to make reference semantics explicit.
- Example:
```ada
procedure Update_Data (Data_Ptr : in out access Some_Type);
```



5. Be Mindful of Concurrency
- When working in multi-tasking environments, ensure proper synchronization when passing "in out"
parameters to avoid data races.

---

Examples Illustrating "in Out" Parameter Passing

Let's examine some code snippets to understand how "in out" parameters work in Ada:

Simple Example with Pass-by-Reference
```ada
procedure Increment (Counter : in out Integer) is
begin
Counter := Counter + 1;
end;

-- Usage:
Count : Integer := 5;
Increment (Count);
-- Count is now 6
```
Note: The compiler may implement `Counter` as a reference, so changes directly affect `Count`.

Using Access Types for Explicit Reference Passing
```ada
type Data_Ptr is access Integer;

procedure Double (Value : in out Data_Ptr) is
begin
Value all := Value.all 2;
end;

-- Usage:
Num : Integer := 10;
Double (Num'Access);
-- Num is now 20
```

Conclusion

In Ada, the flexible implementation of "in out" parameters—permitting either pass-by-reference or



other internal mechanisms—empowers developers to write efficient and safe code tailored to their
application's needs. Understanding how Ada handles these parameters enables programmers to
optimize performance, maintain code clarity, and ensure correct behavior, especially in safety-
critical systems where predictable side effects are paramount. By adhering to best practices and
being aware of implementation details, Ada developers can leverage the language's strengths to
produce robust and efficient software solutions.

---

References and Further Reading
- Ada Reference Manual, ISO/IEC 8652
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- AdaCore Documentation on Parameter Modes
- Best Practices in Ada Programming by Ada Resources

---

Empower your Ada programming by understanding the underlying parameter passing mechanisms
and designing your procedures accordingly for optimal performance and safety!

Frequently Asked Questions

What does passing an 'in out' parameter in Ada imply for
procedure parameter passing?
Passing an 'in out' parameter in Ada indicates that the parameter can be both read and modified by
the procedure, and the system is permitted to pass it either by reference or by copying, depending
on implementation.

Can Ada compilers choose between pass-by-reference and
pass-by-value for 'in out' parameters?
Yes, Ada compilers are allowed to select either pass-by-reference or pass-by-value (copy-in/copy-out)
semantics for 'in out' parameters, providing flexibility for optimization.

Why does Ada allow the system to use either pass-by-reference
or pass-by-value for 'in out' parameters?
This flexibility allows Ada implementations to optimize performance and resource usage based on
context, ensuring efficient handling of 'in out' parameters.

Are there any restrictions on how 'in out' parameters are



passed in Ada procedures?
No, Ada standards permit the compiler to choose the passing method; however, the semantics must
remain consistent with 'in out' behavior, meaning the parameter can be read and updated by the
procedure.

How does passing an 'in out' parameter by reference differ
from passing by value in Ada?
Passing by reference allows the procedure to modify the original variable directly, whereas passing
by value involves copying the variable's value into a local copy, with changes not reflected back
unless explicitly assigned back.

What are the implications for program correctness when Ada
allows either pass-by-reference or pass-by-value for 'in out'
parameters?
Since the behavior is implementation-defined, programmers should avoid relying on a specific
passing method to ensure portability and correctness, and understand that modifications may or
may not affect the original variables depending on the compiler's choice.

Additional Resources
In Ada, when passing an "in out" parameter to a procedure, the system is allowed to use
either pass-by-reference semantics, which significantly influences how data is manipulated
and optimized during program execution. This nuanced aspect of Ada’s parameter passing
mechanisms embodies the language's blend of safety, flexibility, and efficiency. Understanding how
"in out" parameters function in Ada not only clarifies the language's design philosophy but also
provides developers with the tools to write more predictable and performant code.

---

Introduction to Ada's Parameter Modes

Ada, a language renowned for its strong typing and reliability, introduces three primary parameter
modes for subprograms: in, out, and in out. Each mode dictates the direction of data flow between
caller and callee, influencing both program semantics and implementation.

The Significance of Parameter Modes

- in: Read-only parameter; the subprogram cannot modify the argument.
- out: Write-only parameter; the subprogram is expected to assign a value, which is then returned to
the caller.
- in out: Bi-directional; the parameter can be both read and modified during execution, with the final
value reflected back to the caller.



The focus here is on the "in out" mode, which inherently introduces complexities related to data
sharing and side effects, especially when considering different passing mechanisms.

---

Understanding Passing Mechanisms in Ada

Ada's flexibility allows it to implement parameter passing in various ways, primarily:

- Pass-by-Value (Copying): The actual argument's value is copied into the formal parameter. Changes
inside the subprogram do not affect the caller's argument.
- Pass-by-Reference (Aliasing): The formal parameter references the actual argument directly.
Changes within the subprogram directly modify the caller's variable.

Ada's design permits compilers to choose the most efficient method based on context, optimization
opportunities, and language rules, especially for "in out" parameters.

How Ada Decides Between Passing by Value and Reference

Ada's language rules do not strictly specify the passing mechanism for "in out" parameters. Instead,
they leave the decision to the compiler, which may:

- Use pass-by-reference to avoid copying overheads, especially for large data structures.
- Use pass-by-value when safety or predictability is paramount, such as in small, simple types.

This flexibility aims to balance performance and safety, which are core tenets of Ada.

---

Implications of Allowing Either Pass-by-Reference for
"In Out" Parameters

The allowance for either passing method in Ada's "in out" parameters carries several implications,
both at the language semantics level and in practical software engineering.

1. Efficiency and Performance Optimization

Allowing compilers to choose pass-by-reference enables significant performance gains:

- Reduced Copying: Large data structures or complex objects do not need to be duplicated, saving
time and resources.
- In-Place Modification: Modifications happen directly on the caller's data, which can be more
efficient than copying back and forth.

2. Semantic Flexibility



The language's semantics are preserved regardless of the passing mechanism:

- The "in out" mode guarantees that changes made within the subprogram are reflected in the caller.
- The implementation detail (pass-by-reference or pass-by-value) remains transparent to the
programmer, simplifying code reasoning.

3. Predictability and Safety

While passing by reference can improve efficiency, it introduces challenges:

- Aliasing Risks: If multiple "in out" parameters or variables reference the same memory, unintended
side effects can occur.
- Concurrency Concerns: In concurrent contexts, references to shared data may lead to race
conditions or data corruption.

Ada's design emphasizes safety, so the language provides mechanisms like ownership and access
control to mitigate these risks.

4. Impact on Program Behavior and Debugging

Because the passing mechanism can vary, behaviors might differ depending on compiler
implementations, especially if optimizations are aggressive. Developers need to understand:

- How their compiler implements "in out" parameters.
- The potential for side effects due to references.
- The importance of clear documentation to prevent subtle bugs.

---

Technical Foundations: How the Compiler Implements
"In Out" Parameters

Understanding what the compiler does under the hood helps clarify the implications of pass-by-
reference flexibility.

1. Implementation Strategies

Compilers may implement "in out" parameters via:

- Reference Passing: The formal parameter is a reference to the actual argument. Changes inside the
procedure directly modify the caller's data.
- Copying with Synchronization: The compiler may copy the argument into a local variable at the
start, and then copy back the final value at the end.

2. Optimizations and Special Cases

Some common optimization techniques include:



- In-Place Modification: For large objects, passing by reference is favored to avoid copying overhead.
- Copy-On-Write: When multiple references exist, the compiler may copy only when modifications
occur.
- Aliasing Checks: Ada compilers may perform checks or static analysis to prevent unintended side
effects due to aliasing.

3. Language Rules and Compiler Guarantees

Ada’s language specification emphasizes that:

- The semantics of "in out" parameters are preserved regardless of passing method.
- The compiler may choose the most efficient implementation, provided the observable behavior
remains consistent.

This flexibility is a key factor in Ada's ability to produce efficient, predictable systems, especially in
embedded or safety-critical applications.

---

Practical Considerations for Ada Programmers

Understanding the underlying mechanics of "in out" parameters guides developers to write safer and
more efficient code.

1. Design Guidelines

- Use "in out" parameters when a procedure needs to modify an argument and reflect those changes
back to the caller.
- Be aware that passing by reference means modifications are directly on the caller's data, so avoid
unintended side effects.
- For large data structures or objects, favor compiler options or directives that explicitly specify
passing strategies, if available.

2. Code Documentation and Clarity

- Clearly document the intent of procedures using "in out" parameters.
- Indicate whether modifications are expected or optional.
- Use Ada's access types and ownership features to clarify data sharing and prevent aliasing issues.

3. Testing and Debugging

- Test procedures thoroughly to ensure side effects are as intended.
- Use static analysis tools to detect potential aliasing or concurrency issues.
- Consider compiler-specific behaviors and optimizations, especially when porting code across
different Ada compilers.

---



Conclusion: Balancing Flexibility, Safety, and
Performance

The decision to allow Ada's system to use either pass-by-reference or pass-by-value for "in out"
parameters exemplifies the language's core philosophy: providing developers with powerful tools
that are both safe and efficient. By abstracting away implementation details while granting the
compiler leeway to optimize, Ada strikes a delicate balance—ensuring predictable semantics without
sacrificing performance.

This feature underscores the importance of understanding language semantics at both the
theoretical and practical levels. For Ada programmers, awareness of how "in out" parameters are
implemented enhances their ability to write robust, maintainable, and high-performance code,
particularly in domains where correctness and efficiency are paramount. As systems become more
complex and resource constraints tighten, such nuanced control over parameter passing
mechanisms remains a vital aspect of Ada’s enduring relevance in software development.

---

In summary, Ada’s allowance for either pass-by-reference or pass-by-value for "in out" parameters
provides essential flexibility, enabling optimized system performance while maintaining clear and
predictable semantics. It exemplifies the language’s design philosophy—empowering developers
with control and safety in a harmonious balance.
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