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Single-process — Infinite loop
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Multi tasking - Problem
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Multi-tasking - Single process

Task switch context

| POWER ON Reset |

Hardware
call

void main (void) { // main function - entry point

Init OS
Init MEM
Init 10

while ( TRUE) { // infinite loop begil

} // end infinite loop
} // end main function
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Multi-Tasking Multi-process

| POWER ON Reset |

Hardware
call

void main (void) { // main function - entry point

Init OS
Init MEM
Init 10

while ( TRUE) { // infinite loop begin

______ Task A R
I { ___________ Task B s
& """"" Task C nmmm

} // end infinite loop
} // end main function

void TaskA(...) {

while ( TRUE) {

void TaskB(...) { void TaskC(...) {

|

while ( TRUE) { while ( TRUE) {

[

} }
} }
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Stack — Subroutine call

el

return -y

oxopon  Code segment

L

0x0000

void main(void)

void MySub(void)

return

Data segment
«——o RESET
GLOBAL
PC HEAP
CALL MySub
PUSH PC
RAM[SP] = PC+1
SP=SP-1 .'.\l 9
PC = MySyb
\ 1
= MySub +1
STACK
RET
POP PC
SP=SP-1
PC = RAM[SP] (MySub +1)
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Multi-tasking — Switch Context — Pre-emption

1. Store current state GPR

2. Arbiter Tasks
3. Change Stack Pointer

4. Restore new state GPR

Schedule
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Multi-tasking : pre-emptive vs non pre-emptive

 POWER ON Reset |

Hardware
call

void main (void) { // main function - entry point
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Multi-tasking : Task Delay

_Store GPR_|

Process
task A delay

Same for
B,C

[ RounRoblnArblter ]Salect next

no delay
ask A
ready 2

SP SP_TaskA
ask B
| SP = SP_TaskB |—
ask C
pady
| SP = SP_TaskC |—
i SP = SP_|dle |
—

|
[ set Naxt sp |

( Restore GPR |

ISR (TO_OVF_vect){
0S_StoreGPR();
0S_SToreSP()
if(TcntA > 0) TentA--;
if(TentB > 0) TentB--
if(TentC > 0) TcntC
TaskID = OS_Arbiter();

if(TasklD == TASK_A)
nextSP = SP_TaskA;

else if(TaskID == TASK_B)
nextSP = SP_TaskB;

else if(TaskID == TASK_C)
nextSP = SP_TaskC;

else
nextSP = SP_ldle;

0S_SetSP(nextSP )

OS_RestoreGPR();

I

void Idle(void) {
[/ DO NOTHING

}

- void TaskA(){
If ( <condition A> )
TaskDelay(T_DELAY)
Jelse {
! DoSome(hlng()
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FreeRTOS — Task

void vTaskl( void *pvParameters )

{

const char *pcTaskName = "Task 1 is running\r\n";

volatile uint32_t ul; /* volatile to ensure ul is not optimized away. */

/* As per most tasks, this task is implemented in an infinite loop. */
for( ;; )
{ {
/* Print out the name of this task. */
vPrintString( pcTaskName ) ;

/* Delay for a period. */

for( ul = 0; ul < mainDELAY_LOOP_pOUNT; ul++ )

{
/* This loop is just a very crude delay implementation. There is
nothing to do in here. Later examples will replace this crude
loop with a proper delay/sleep function. */

void vTask2( void *pvParameters )

{

const char *pcTaskName = "Task 2 is running\r\n";

volatile uint32_t ul; /* volatile to ensure ul is not optimized away. */

/* As per most tasks, this task is implemented in an infinite loop. */
for( ;; )
{

/* Print out the name of this task. */

vPrintString( pcTaskName ) ;

/* Delay for a period. */
for( ul = 0; ul < mainDELAY LOOP_COUNT; ul++ ) }
{
/* This loop is just a very crude delay implementation. There is
nothing to do in here. Later examples will replace this crude
loop with a proper delay/sleep function. */

int main( void )

/* Create one of the two tasks. Note that a real application should check
the return value of the xTaskCreate() call to ensure the task was created
successfully. */
xTaskCreate ( vTaskl, /* Pointer to the function that implements the task. */
"Task 1",/* Text name for the task. This is to facilitate

debugging only. */

1000, /* Stack depth - small microcontrollers will use much
less stack than this. */

NULL, /* This example does not use the task parameter. */

1, /* This task will run at priority 1. */

NULL ); /* This example does not use the task handle. */

/* Create the other task in exactly the same way and at the same priority. */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 1, NULL )

/* Start the scheduler so the tasks start executing. */
vTaskStartScheduler () ;

/* If all is well then main() will never reach here as the scheduler will
now be running the tasks. If main() does reach here then it is likely that
there was insufficient heap memory available for the idle task to be created.
Chapter 2 provides more information on heap memory management. */

fox( ::; ):



FreeRTOS — State Flow

All tasks that are
not currently
Running are in the

Not Running state

Only one task
can be in the
Running state at

any one time
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FreeRTOS — Task Running

At time t1, Task 1
enters the Running

At time t2 Task 2 enters the Running
state and executes until time t3 - at

state and executes which point Task1 re-enters the

until time t2 Running state
Task 1 e — —
Task2 = & —

4 © B Tme

Kernel runs in tick
interrupt to select
next task

Tick AN
interrupt
occurs

Kernel
Task 1
Task 2

Newly selected task runs when
the tick interrupt completes

N

t1

2 3

Kernel
Task 1

Task 2

. The scheduler runs in the tick interrupt
T'Ck but selects the same task. Task 2 is
interrupt always in the Running state and Task 1 is
occurs

always in the Not Running state

1 2 13




FreeRTOS - TaskDelay

4 - When the delay expires the scheduler moves the

2 - Task 1 prints out its string, then it too|\ | tasks back into the ready state, where both execute
void vTaskFunction( void *pvParameters ) enters the Blocked state by calling again before once again calling vTaskDelay() causing
{ vTaskDelay(). them to re-enter the Blocked state. Task 2 executes
char *pcTaskName; / first as it has the higher priority.
const TickType t xDelay250ms = pdMS TO_TICKS( 250 ); Y

Task 1

/* The string to print out is passed in via the parameter. Cast this to a

character pointer. */

pcTaskName = ( char * ) pvParameters; -raSk 2

/* As per most tasks, this task is implemented in an infinite loop. */

for( :; ) ldle =

{ P : : bt :
/* Print out the name of this task. */ L : - AN :
vPrintString( pcTaskName ) ; t1 | t2 t3 Time % tn
/* Delay for a period. This time a call to vTaskDelay() is used which places i \ _
the task into the Blocked state until the delay period has expired. The 1jTé5k2hasmeh@hemp"°my5°“msnmtIt
parameter takes a time specified in ‘ticks’, and the pdMS TO TICKS() macro pnpts outits string then calls VTaSkD?I?yo -andin so 3 - At this point both application tasks are in
is used (where the xDelay250ms constant is declared) to convert 250 doing enters the Blocked state, permitting the lower the Blocked state - so the Idle task runs.

priority Task 1 to execute.

milliseconds into an equivalent time in ticks. */
vTaskDelay( xDelay250ms ) ;



FreeRTOS — [PC Sync -Semaphores

ask
Interrupt!

xSemaphoreGiveFromISR() [.j xSemaphoreTake()

...which unblocks the task
(the semaphore is now

SemaphoreHandle t xSemaphoreCreateBinary( void );

BaseType t xSemaphoreTake( SemaphoreHandle t xSemaphore, TickType t xTicksToWait )

BaseType t xSemaphoreGiveFromISR( SemaphoreHandle t xSemaphore,
BaseType t *pxHigherPriorityTaskWoken );



FreeRTOS — IPC Communication Queue

typedef struct

{
ID t eDatalD;
int32_t lDataValue;

} Data_t;

\

= eM
D
Queue
Another Task 0] Controller
int
SpeS
ue =
HMI Task

QueueHandle t xQueueCreate( UBaseType_ t uxQueueLength, UBaseType t uxItemSize )

BaseType_ t xQueueReceive ( QueueHandle t xQueue,
void * const pvBuffer,

TickType_t xTicksToWait );

BaseType_t xQueueSendToFront( QueueHandle_ t xQueue,
const void * pvIitemToQueue,

TickType t xTicksToWait )



Minimal FreeRTOS

*FreeRTOS/Source/tasks.c

*FreeRTOS/Source/queue.c

*FreeRTOS/Source/list.c
*FreeRTOS/Source/portable/[compiler]/[architecture]/port.c.
*FreeRTOS/Source/portable/MemMang/heap x.c where ‘X' is 1, 2, 3,4 or 5.
*FreeRTOS/Source/include
*FreeRTOS/Source/portable/[compiler]/[architecture].

*Whichever directory contains the FreeRTOSConfig.h
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