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Introduction "

In embedded systems programming, efficient'

and readable code is paramount. The typedef
keyword in C provides a mechanism to create
aliases for data types, enhancing code clarity
and portabllity. This article explores the use
and benefits of typedef when used with struct,
union, enum, and volatile in Embedded C,
accompanied by explanations and practical

code examples.







Benefits of Using typedef "

Code Readability: Simplifies complex
declarations, making code easier to read and
maintain.

Portability: Abstracts hardware-specific
types, aiding in porting code across different
platforms.

Consistency: Promotes uniform type usage
throughout the codebase.

Ease of Use: Reduces the need to

repeatedly write lengthy type definitions.







typedef struct: Creating Custom
Data Structures

Structures (struct) in C allow grouping of variables under a

single name. Using typedef with struct simplifies the syntax

required to declare variables of the structure type.

Code Example: Defining a GPIO Pin Configuration
Structure

#include <stdint.h>
#include <stdio.h>»

{
uint8 t pin_number;
uint8 t direction;
uint8 t pull up;
uint8 t initial state;
} GPIO PinConfig;

main() {

GPIO PinConfig led pin = {
.pin_number = 13,
.direction = 1,

.pull up = o,
.initial state = ©

}s

printf(“Configuring GPIO Pin %d\n", led pin.pin_number);
printf("Direction: %s\n", led pin.direction ? "Output™ : "Input™);

return e:*



typedef struct: Creating Custom
Data Structures

Code Example: Defining a GPIO Pin Configuration
Structure

LN

#include <stdint.h>
#include <stdio.h>»

uint8 t pin_number;
uint8 t direction;
uint8 t pull up;
uint8 t initial state;
} GPIO PinConfig;

int main() {

GPIO PinConfig led pin = {
.pin_number = 13,
.direction = 1,

.pull up = o,
.initial state = ©

}s

printf(“Configuring GPIO Pin %d\n", led pin.pin_number);

printf(“"Direction: %s\n", led pin.direction ? "Output” : "Input™);
printf("Pull-up Resistor: %s\n", led pin.pull up ? "Enabled” : "Disabled");
printf(“Initial state: ¥s\n", led pin.initial state ? "High" : "Low");

return @,

ucture bertinituon: GPIO_PFInContig IS a type allas 1or



typedef struct: Creating Custom "
Data Structures

.pin_number = 13,
.direction = 1,
.pull up = o,
.initial state = ©

printf(“Configuring GPIO Pin %d\n", led pin.pin_number);

printf(“"Direction: %s\n", led pin.direction ? "Output” : "Input™);
printf("Pull-up Resistor: %s\n", led pin.pull _up ? "Enabled” : "Disabled");
printf(“Initial state: ¥s\n", led pin.initial state ? "High" : "Low");

return @,

Explanation:

« Structure Definition: GPIO_PinConfig is a type alias for
the struct defining the GPIO pin configuration.

« Variable Declaration: led_pin is declared without
needing the struct keyword.

« Initialization: Members are Initialized using designated
Initializers for clarity.

 Accessing Members: Structure members are accessed

using the dot (.) operator.






typedef union: Memory-Efficient
Data Storage

Unions (union) allow storing different data types in the same
memory location. In embedded systems, they are often

used to access hardware registers at both the byte and bit

level.

Code Example: Describing an MCU Control Register

#include <stdint.h>
#include <stdio.h>

{
uintsd t reg;
{
uint8 t status flags : 4;
uint8 t mode : 33
uint8 t enable 1,
} bits;

} ControlRegister;

main() {

printf("Full Register value: oxxe2X\n", ctrl reg.reg);



typedef union: Memory-Efficient
Data Storage

Code Example: Describing an MCU Control Register

L

#include <stdint.h>
#include <stdio.h>

{
uintsd t reg;
{
uint8 t status flags : 4;
uint8 t mode : 33
uint8 t enable 1,

} bits;
ControlRegister;
8

main() {

ControlRegister ctrl reg = { .reg = OxBE };

printf("Full Register value: oxxe2X\n", ctrl reg.reg);
printf("Enable: %Zd\n", ctrl reg.bits.enable);

printf(“"Mode: %d\n", ctrl reg.bits.mode);

printf("status Flags: ex#X\n", ctrl reg.bits.status flags);

return 0;

nation:



typedef union: Memory-Efficient"
Data Storage

ControlRegister ctrl reg = { .reg = OxBE };

printf("Full Register value: oxxe2X\n", ctrl reg.reg);
printf("Enable: %Zd\n", ctrl reg.bits.enable);

printf(“"Mode: %d\n", ctrl reg.bits.mode);

printf("status Flags: ex#X\n", ctrl reg.bits.status flags);

return 0;

Explanation:

« Union Definition: ControlRegister is a type alias for a
union that overlays a byte (reg) with a bit-field structure
(bits).

« Bit-fields: The struct inside the union defines individual
bits or groups of bits.

 Initialization: The entire union is initialized with a
hexadecimal value OxBE.

Accessing Bits: Individual bits are accessed through

ctrl_reg.bits






typedef enum: Defining Named
Constants

Enumerations (enum) provide a way to assign names to

Integral constants, enhancing code readability. Using

typedef with enum simplifies variable declarations.

Code Example: Defining Error Codes

#include <stdio.h>

{
ERROR_NONE = @,

ERROR_TIMEOUT,

ERROR_OVERFLOW,

ERROR_UNDERFLOW,

ERROR_INVALID PARAM
} ErrorcCode;

main() A

ErrorCode err = ERROR_TIMEOUT;

switch (err) {
case ERROR_NONE:
printf("No error occurred.\n");

prin

hranals -

Operation timed out.\n );




typedef enum: Defining Named
Constants

Code Example: Defining Error Codes

#include <stdio.h>

typedef enum {
ERROR_NONE = 9,
ERROR_TIMEOUT,
ERROR_OVERFLOW,
ERROR_UNDERFLOW,
ERROR_INVALID PARAM
} ErrorcCode;

int main() {

ErrorCode err = ERROR_TIMEOUT;

switch (err) {

case ERROR_NONE:
printf("No error occurred.\n");
break;

case ERROR_TIMEOUT:
printf("Operation timed out.\n");
break;

case ERROR_OVERFLOW:
printf("Overflow error.\n");
break;

break;



typedef enum: Defining Named
Constants

int main() {

ErrorCode err = ERROR_TIMEOUT;

switch (err) {

case ERROR_NONE:
printf("No error occurred.\n");
break;

case ERROR_TIMEOUT:
printf("Operation timed out.\n");
break;

case ERROR_OVERFLOW:
printf("Overflow error.\n");
break;

case ERROR_UNDERFLOW:
printf("Underflow error.\n");
break;

case ERROR_INVALID PARAM:
printf("Invalid parameter error.\n");
break;

default:
printf("Unknown error code.\n");
break;

return 0;




typedef enum: Defining Named "
Constants

case ERROR_OVERFLOW:
printf("Overflow error.\n");
break;

case ERROR_UNDERFLOW:
printf("Underflow error.\n");
break;

case ERROR_INVALID PARAM:
printf("Invalid parameter error.\n");
break;

default:
printf("Unknown error code.\n");

break;

}

return 0;

Explanation:

« Enumeration Definition: ErrorCode is a type alias for an
enum listing possible error codes.

« Variable Declaration: err is declared as ErrorCode
without needing to specify enum.

Usage: The enumeration values are used in a switch-

case to handle different error scenarios.






typedef volatile: Hardware
Register Access

The volatile keyword informs the compiler that a variable
may be modified externally, preventing certain optimizations.
Combining typedef with volatile simplifies declarations of

hardware registers or memory-mapped I/O.

Code Example: Defining a Volatile Pointer to a Hardware

Register

#include <stdint.h>
#include <stdio.h>

#tdefine x40001000

uint32 t vuint32 t;

vuint32 t* TimerRegPtr;
main() {

- :
Tira ooy al me 8T —_ T rraTagl

¥t 1mer reg = AYFEEE*



typedef volatile: Hardware
Register Access

Code Example: Defining a Volatile Pointer to a Hardware
Register

o0

#include <stdint.h>
#include <stdio.h>

#tdefine x40001000

uint32 t vuint32 t;

vuint32 t* TimerRegPtr;
main() {

TimerRegPtr timer reg = (TimerRegPtr)

*timer reg = OXFFFF;

uint32 t timer value = *timer reg;

recurn o,



typedef volatile: Hardware "
Register Access

main() {

TimerRegPtr timer reg = (TimerRegPtr)
*timer_reg = OXFFFF;

uint32 t timer value = *timer reg;

printf("Timer Register Value: ox%@8X\n", timer value);

return @,

Explanation:

« Type Definition: vuint32_t is a type alias for volatile
uint32_t.

* Pointer Definition: TimerRegPtr is a type alias for a
constant pointer to a volatile uint32_t.

 Register Access: The timer register is accessed through

timer_reg, ensuring the compiler does not optimize out

Iiead/write operations.






typedef for Function Pointers: "
Callback Management

Function pointers in C allow the program to store addresses
of functions and call them dynamically. In embedded
systems, function pointers are commonly used for
Implementing callbacks, interrupt handlers, and state
machines. However, their syntax can be complex and hard
to read. Using typedef with function pointers simplifies their
declaration and usage, making callback management more

manageable.

Code Example: Implementing a Timer Callback System
L N

#include <stdint.h>»
#include <stdio.h>

(*Timercallback)( )s

uint32 t period ms;
TimerCallback callback;
} HardwareTimer;




typedef for Function Pointers:
Callback Management

Code Example: Implementing a Timer Callback System

L

#include <stdint.h>
#ginclude <stdio.h>»

(*TimercCallback)( )

{
uint32 t period ms;
TimerCallback callback;
} HardwareTimer;

onTimerElapsed( ) {
printf(“"Timer elapsed! Performing scheduled task.\n");

onAnotherTimerevent( ) {
printf("Another timer event occurred!\n");

main() {

HardwareTimer timeril
HardwareTimer timer2

{ .period ms = 1eee, .callback = onTimerklapsed };
{ .period ms = 500, .callback = onAnotherTimerkvent };

printf("starting timers...\n");
timeri.callback();
timer2.callback();

return @;

nation:



typedef for Function Pointers: "
Callback Management

HardwareTimer timer2 = { .period ms = 500, .callback = onAnotherTimerkvent };

printf("starting timers...\n");
timerl.callback();
timer2.callback();

return @;

Explanation:

* Function Pointer Typedef: TimerCallback is a type alias
for a pointer to a function that returns void and takes no
parameters.

« Hardware Timer Structure: HardwareTimer contains a
period and a TimerCallback.

« Callback Functions: Defined two callback functions
onTimerElapsed and onAnotherTimerEvent.

 Initialization: Timers are initialized with their respective

callback functions.

Usage: Callbacks are invoked using timerl.callback()

ind timer2.callback().






Conclusion "

The use of typedef in Embedded C

programming brings significant benefits in
terms of code readability, maintainability, and
portability. By creating aliases for complex
data types and qualifiers, developers can
write clearer and more efficient code.
Whether defining structures, unions,
enumerations, volatile types, function
pointers, or platform-independent data types,
typedef plays a crucial role in simplifying

embedded software development.
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