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Multi-Module Design in C Programming

Multi-module design in C refers to structuring a program by dividing it into
multiple separate source files (modules), each responsible for a specific part of
the functionality. This approach promotes code organization, reusability,
maintainability, and collaboration in larger projects. Instead of writing everything
in a single .c file, you break the code into logical units, such as one module for
input/output handling, another for calculations, and so on.

Key Concepts:

e Modules: Typically consist of a pair—a header file (.h) for declarations
and a source file (.c) for definitions/implementations.

e Header Files: These declare functions, variables, structures, enums,
and macros that can be shared across modules. They use include
guards (e.g., #ifndef HEADER_NAME_H) to prevent multiple inclusions.

e Source Files: Contain the actual code implementations. Functions or
variables defined here can be made accessible to other modules via the
header.

e Linking: The compiler processes each .c file into object files (.0), and
the linker combines them into a single executable.

e Scope Control:

o Use extern to declare variables or functions defined in another
module.

o Use static to restrict functions or variables to the current module
(file scope only).

¢ Benefits: Reduces compilation time (only recompile changed modules),
hides implementation details (encapsulation), and makes debugging
easier.

e Drawbacks: Requires careful management of dependencies and can
lead to linker errors if declarations don't match definitions.

This design is common in real-world C projects, like libraries (e.g., standard
libraries) or large applications.

Simple Example: A Basic Calculator Program

Let's create a multi-module program where one module handles addition, and
the main module uses it. We'll have three files: add.h, add.c, and main.c.

1. add.h (Header file declaring the function):c

#ifndef ADD_H
2. #define ADD_H
3.
4. int add(int a, int b);
5.
6. #endif /* ADD_H */
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7. add.c (Source file implementing the function):c

#include "add.h"

9. int add(int a, int b) {
10. returna+ b;
11.}

12. main.c (Main module that uses the add function):c

#include <stdio.h>
13. #include "add.h"
14.
15. int main() {
16. int result = add(5, 3);
17. printf("The sum is: %d\n", result);
18. return O;
19.}

Compilation and Execution:
To build this program using GCC (a common C compiler):

e Compile each source file: gcc -c¢ add.c -0 add.o and gcc -¢c main.c -o

main.o

e Link them: gcc main.o add.o -o calculator

e Run: ./calculator
Output: The sumis: 8
This example demonstrates modularity: The add function is isolated in its own
module, and main.c only needs to include the header to use it. You can easily
extend this by adding more modules (e.g., for subtraction) without modifying
main.c.
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