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Draw The Stack Of Activation Records For The Following Ada Program (a) After The First Call To
Procedure is a common question in the realm of computer science, particularly in understanding how
programming languages like Ada manage procedure calls and memory allocation during program
execution. This article aims to provide a comprehensive explanation of how activation records (also
known as stack frames) are created and managed during the execution of Ada procedures, focusing

specifically on the state after the first procedure call.

Understanding the concept of activation records is crucial for developers, students, and enthusiasts
interested in programming language design, compiler construction, and runtime system behavior. It
offers insights into how local variables, parameters, return addresses, and other control information are

stored during program execution.
In this article, we will explore:

- The basics of activation records and their role in procedure calls.

- The structure of Ada programs relevant to procedure calls.

- Step-by-step illustration of how the call stack evolves after the first procedure invocation.
- An example Ada program to contextualize the discussion.

- A detailed walkthrough of drawing the activation record stack after the first call.



By the end of this article, readers will have a clear understanding of how Ada manages procedure calls
with activation records and will be able to visualize the call stack at various stages of program

execution, especially after the initial procedure invocation.

Understanding Activation Records in Procedure Calls

What Are Activation Records?

Activation records, also known as stack frames, are data structures used by programming languages
to manage information about active subroutines (functions or procedures) during program execution.

Each time a procedure is called, an activation record is created and pushed onto the call stack.
An activation record typically contains:

- Return Address: The point in the program to return to after the procedure finishes.
- Parameters: The arguments passed to the procedure.

- Local Variables: Variables declared within the procedure.

- Saved Registers: Registers that need to be preserved across calls.

- Control Information: Such as dynamic links or static links, especially important in nested procedures.

The call stack grows with each nested call and shrinks as procedures return, making it a vital structure

for managing execution flow and memory.

Role of Activation Records in Program Execution



In procedural programming, when a procedure is invoked:

1. An activation record is created.

2. The record stores all necessary information for the procedure's execution.

3. The record is pushed onto the call stack.

4. The procedure executes using data from this record.

5. When the procedure completes, its activation record is popped off, and control returns to the calling

procedure.

This stack-based management allows for recursive calls, nested procedures, and efficient memory

utilization.

Overview of Ada Programming Language and Procedure Calls

Ada's Approach to Procedures

Ada is a strongly typed, high-level programming language primarily used in safety-critical and real-time
systems. It emphasizes clarity, safety, and modularity. Procedures in Ada are subprograms that

perform actions but do not return a value (unless specified as functions).
Key characteristics relevant to procedure calls include:

- Parameter Passing: Ada supports parameter passing by value or by reference, depending on how
parameters are declared.

- Nested Procedures: Ada allows procedures to be nested within other procedures, affecting activation
record structure.

- Tasking and Concurrency: While not directly related to activation records, Ada's tasking model



influences runtime management.

Understanding these features is essential for accurately drawing activation records after procedure

calls.

Typical Structure of an Ada Program with Procedures

An Ada program with procedures usually follows this pattern:

“ada

procedure Main is

begin

-- Main program code
Call_Procedure(Param1, Param2);

end Main;

procedure Call_Procedure(Arg1: Integer; Arg2: Integer) is
-- Local variables

begin

-- Procedure body

end Call_Procedure;

When "Call_Procedure’ is invoked from the main program, an activation record is created and pushed

onto the call stack.



Step-by-Step lllustration of Activation Record Stack After First

Call

Scenario Setup

Suppose we have an Ada program with a main procedure calling a subprocedure once. The goal is to
visualize the call stack immediately after this first call, i.e., when the procedure has been invoked but

has not yet completed.
The steps involved are:

1. Program starts execution with the main procedure.
2. Main procedure calls a user-defined procedure.
3. The call creates an activation record for the procedure.

4. The call stack now contains activation records for main and the called procedure.

Let's consider an example Ada program and analyze the stack after the first call.

Example Ada Program

“ada

with Ada.Text_lO; use Ada.Text_IO;

procedure Main is
procedure Display Message;
begin

Put_Line("Hello from Display_Message");



end Display_Message;
begin

-- Call the procedure
Display_Message;
end Main;

Explanation:

- The "Main" procedure contains a nested procedure called "Display _Message'.

- During execution, "Display_Message' is called once.

Question:

> What does the activation record stack look like immediately after "Display_Message’ is called but

before it completes?

Drawing the Activation Record Stack

To visualize the call stack:
1. Initial State (Before any calls):
| Stack Top | Activation Record | Description |

| | Empty | No procedures invoked yet. |

2. After "Main" starts:



| Stack Top | Activation Record | Description |
I | I |

| Main | Main procedure | Main's activation record at the bottom. |

3. When "Display_Message’ is called:

| Stack Top | Activation Record | Description |
I | I I

| Display_Message | Activation record for ‘Display _Message™ | Created upon call, contains parameters,

return address, local variables if any. |

| Main | Main procedure | Still present beneath the current call. |

Details of the Activation Record for "Display_Message':

- Return Address: Address in "Main" after the call to "Display_Message’.

- Parameters: None in this example, but if parameters were passed, they would be stored here.

- Local Variables: Any declared inside 'Display _Message'.

- Saved Registers: Depending on the compiler and runtime system.

Key Components of the Activation Record in Ada

Understanding what each activation record contains helps in visualizing the call stack.

Components for the Example Procedure

- Return Address: The point in "Main™ where execution resumes after "Display_Message'.

- Parameters: None in this case, but if parameters exist, they are stored here.



- Local Variables: Any variables declared within "Display_Message’.
- Static Link: Points to the activation record of the defining scope, especially important for nested
procedures.

- Dynamic Link: Points to the previous activation record, enabling stack unwinding.

Note: The exact structure can vary based on compiler implementation, but the conceptual model

remains consistent.

Visual Summary of Call Stack After the First Call

Here's a summarized diagram representing the call stack after the first call to "Display_Message’:

| Activation Record for Display Message |

| Activation Record for Main |

- The top of the stack is the "Display_Message® activation record.

- Beneath it is the "Main" activation record.

This snapshot illustrates that the program is currently executing within "Display_Message’, waiting to

complete and return control to "Main’.



Implications for Program Behavior and Debugging

- Memory Management: Activation records occupy stack space, and understanding their structure
helps in debugging stack overflows or memory leaks.

- Recursion: For recursive procedures, the stack grows with each call, and visualization aids in
understanding recursion depth.

- Nested Procedures: Their activation records include static links to their defining environment, which is

crucial for variable scope resolution.

Conclusion

Drawing the activation record stack after the first call to an Ada procedure involves understanding how
procedure invocations generate stack frames containing essential information like return addresses,
parameters, local variables, and links to other frames. For the sample program provided, immediately
after the call to "Display_Message’, the call stack contains two activation records: one for "Main" and
one for "Display_Message’'. The topmost frame is the one for "Display_Message’, reflecting the current

execution context.

Visualizing these stacks provides valuable insights into program flow, memory management, and
debugging, especially in complex Ada applications with nested or recursive procedures. Mastery of
activation records and call stacks is fundamental for advanced programming, compiler design, and

understanding runtime behavior.

Keywords: Activation Records, Call Stack, Ada Procedures, Procedure Call Stack, Stack Frames,

Runtime Management, Nested Procedures, Debugging, Memory Management, Recursive Calls



Frequently Asked Questions

What does the activation record in Ada contain after the first
procedure call?

After the first call, the activation record contains the procedure's local variables, return address,

parameters, and the caller's context information.

How is the stack of activation records structured after initiating the
first procedure call in Ada?

The stack is structured with the main program's activation record at the bottom, and the first

procedure's activation record pushed on top, containing relevant data for that call.

What is the significance of drawing the activation record after the first
call to a procedure in Ada?

It visually illustrates the current execution context, showing how the procedure's local data and return

information are stored on the call stack.

Does the activation record include the parameters passed to the
procedure after the first call?

Yes, the activation record includes the procedure's parameters, which are stored as part of the local

data for that call.

In the context of Ada, what are the typical components shown in an
activation record after a procedure call?

Components include local variables, parameters, return address, saved registers, and the caller's

frame pointer.



How does drawing the stack after the first call help in understanding
Ada program execution?

It clarifies the current execution context, helps track variable states, and demonstrates how nested

calls are managed on the call stack.

What changes occur in the activation records when a second
procedure is called within the first procedure in Ada?

A new activation record is pushed onto the stack for the second procedure call, overlaying the first

procedure's record, which remains in memory until the call completes.

Additional Resources

Draw The Stack Of Activation Records For The Following Ada Program (a) After The First Call To

Procedure

In the realm of programming language execution models, understanding how procedures and functions
interact during runtime is crucial, especially for languages like Ada that emphasize strong typing and
structured programming. One of the foundational concepts in this domain is the activation record (also
known as a stack frame), which encapsulates information about each active procedure call, including
local variables, return addresses, and parameters. Visualizing the stack at various points during

program execution offers valuable insights into control flow and memory management.

Today, we delve into a specific scenario: drawing the activation record stack after the first call to a
procedure in an Ada program. This exploration provides a window into the dynamic behavior of Ada
programs, illustrating how activation records are created and managed during execution. Whether
you're a student, developer, or instructor, grasping this concept enhances your understanding of

program flow and debugging strategies.



The Significance of Activation Records in Ada

Before diving into the specifics, it’s essential to grasp what activation records are and why they matter.

Activation Records (Stack Frames):
These are data structures stored on the program’s call stack each time a procedure or function is

invoked. They contain vital information such as:

- Parameters passed to the procedure

- Local variables declared within the procedure

- Return address (the point in the program where control should return after the procedure finishes)
- Saved registers (if applicable)

- Any other context-specific data
In Ada, a language designed for reliability and clarity, procedures are fundamental building blocks,
often nested or calling each other. This nesting leads to a stack of activation records, which grows and

shrinks as procedures are invoked and completed.

Understanding the state of this stack after specific calls is key to debugging, optimizing, and

understanding program behavior.

The Sample Ada Program and Its Structure

To visualize the activation record stack after the first procedure call, we need a concrete Ada program

as a reference. Let’s consider a simplified Ada program illustrating nested procedure calls:

““ada



with Ada.Text_IO; use Ada.Text_|O;

procedure Main is

procedure ProcedureA (X : in Integer);
begin

Put_Line("Inside ProcedureA");

-- Possibly call another procedure here

end ProcedureA;

procedure ProcedureB (Y : in Integer) is
begin

Put_Line("Inside ProcedureB");

-- Call ProcedureA

ProcedureA(Y + 10);

end ProcedureB;

begin

-- Main program begins
Put_Line("Program Started");
-- First call to ProcedureB
ProcedureB(5);

end Main;

Flow of execution:

1. The program starts executing "Main’.

2. Inside "Main’, "ProcedureB’ is called with argument °5°.

3. Inside "ProcedureB’, a message is printed, then "ProcedureA’ is called with argument Y + 10°
(which evaluates to "15°).

4. The first call to "ProcedureA’ occurs during the execution of "ProcedureB’.



Drawing the Activation Record Stack After the First Call to Procedure

The key moment of interest is immediately after "ProcedureA’ is called during the execution of

‘ProcedureB’. To understand the stack at this point, let’s analyze each step leading to this call.

Step-by-step breakdown:

1. Main begins execution, and the call stack is empty, aside from the initial setup.
2. "ProcedureB(5) is called:

- An activation record for "ProcedureB’ is pushed onto the stack.

- This record contains:

- Parameter Y™ with value '5’.

- Return address (pointing back to "Main™ after "ProcedureB’ completes).

- Local variables (if any).

3. Within "ProcedureB’, the statement "ProcedureA(Y + 10)° executes:

- Before "ProcedureA’ is called, an activation record for "ProcedureA’ is pushed onto the stack.
- This record contains:

- Parameter "X with value "15°.

- Return address (pointing back to "ProcedureB™ after ‘ProcedureA™ completes).

- Local variables (if any).

Visualizing the stack after the call to "ProcedureA’:

+ +

| Activation Record for |
| ProcedureA (X=15) |

+ +

| Activation Record for |



| ProcedureB (Y=5) |

+ +

This stack shows that "ProcedureA’ is active, waiting to complete, with its own context, on top of
"ProcedureB’’s activation record. The base of the stack (bottom) is the activation record for "Main’,

which is still in the call chain but not shown here as it is not active at this moment.

Deep Dive into Activation Record Contents

Understanding what each activation record contains helps clarify how Ada manages procedure calls.

Activation Record for ProcedureA

- Parameters:

- 'X': value 15

- Return Address:

- Points to the instruction in "ProcedureB’ immediately following the call to "ProcedureA’.
- Local Variables:

- Any variables declared within "ProcedureA’.

- Control Data:

- Saved registers (if applicable).

- Dynamic link (pointer to the previous activation record, typically the caller's record).

Activation Record for ProcedureB

- Parameters:

-'Y': value °5°

- Return Address:



- Points back to "Main", after the call to "ProcedureB’.
- Local Variables:

- Any variables declared within "ProcedureB’.

- Control Data:

- Similar to above.

How the Stack Evolves During Execution

The activation record stack dynamically changes as procedures are invoked and return.

- When "ProcedureA’™ completes:

- Its activation record is popped from the stack.
- Control returns to "ProcedureB’.

- When "ProcedureB’ completes:

- Its activation record is popped.

- Control returns to "Main".

Visualizing these transitions is vital for debugging and understanding program flow, especially in

complex Ada applications with multiple nested calls.

Visualization Tools and Practical Applications

Modern Ada development environments often include debugging tools that visualize the call stack

during runtime. These tools help programmers:

- Trace the sequence of procedure calls.

- Diagnose issues arising from unexpected stack states.



- Optimize memory usage by analyzing stack growth.

Understanding how to manually draw and interpret activation records deepens a programmer’s intuition

and complements tooling.

Broader Implications in Ada Programming and Software Engineering

Grasping activation records is more than an academic exercise; it has practical implications:

- Debugging:

Recognizing the current call stack helps identify where an error occurred and how the program arrived

there.

- Memory Management:

Efficient use of stack space prevents stack overflows, especially in recursive procedures.

- Designing Recursive Procedures:

Visualizing recursive calls’ stack behavior informs the design of algorithms and termination conditions.

- Optimizing Performance:

Awareness of stack behavior guides optimization efforts and resource allocation.

Final Thoughts

Visualizing the activation record stack after the first call to a procedure in Ada offers a window into the
underlying execution process, highlighting the structured way Ada manages procedure calls. By

analyzing the contents and evolution of these stacks, developers can write more reliable, efficient, and



maintainable code.

Whether in educational settings or real-world debugging, mastering the concept of activation records
and their visualization remains a cornerstone of proficient Ada programming. As software complexity
grows, these foundational insights become even more valuable, enabling developers to navigate and

control program behavior with confidence.
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