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Alavopec FreeRTOS

o O mruprivag tou FreeRTOS cival ypappévog otn yhAwooa C

o 6 apxeia C: tasks.c, list.c, queue.c, timers.c, event_groups.c, croutine.c

o 1 architecture/compiler specific apxeio (17.X. yia OuvauIKry KATavoun uvApng)
0 MIKpEG aTTaITACOEIC HVAUNG

o I.x. To port RL78 (16-bit CPU core by Renesas Electronics) ue 13 tasks, 2 queues kai 4
software timers - memory footprint < 4Kbytes RAM

o EkTtevég APl documentation

0 AIQVOUEC UE ETTITTAEOV AEITOUPYIKOTNTA
o SAFERTOS pe TUV moToToinon
o FreeRTOS+TCP (1mAnpn utrootpign TCP/IP stack)
o FreeRTOS+FAT (uttooTApign OUCTAPATOC APXEIWVY)
o Amazon FreeRTOS (ouvepyacoia ue AWS cloud platform)



2evaplo xpnonc Amazon FreeRTOS
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FreeRTOS

Open source,
market-leading, real-time
operating system (RTOS)
and the de facto standard

solution for microcontrollers
and small microprocessors.
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FreeRTOS Bluetooth
Low Energy
Secure direct connection
to mobile devices via
Bluetooth Low Energy
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AWS loT
Greengrass Core

Secure direct
connection to loT
edge devices like

AWS loT Greengrass

Core devices

@ AWS loT Core

AWS loT Device
Management

AWS loT Device
Defender

AWS loT
Analytics

Direct connection to cloud
services like AWS loT Core
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FreeRTOS tasks

o Ta tasks Tou FreeRTOS cival avrioToixa Ue Ta processes 1ou Linux —
OVTOTNTEC ME TOV OIKO TOUC KWOIKA KAl UVAHN

o Aev uttooTnpidovTal UNXAVIOUOI EIKOVIKAG UVIMNG
o OgV UTTAPXEI auaTnPN TTPOO0TACIA Kal OIAXWPICHOC TWV TTEPIOXWYV MVIMNG

0 EKxwpeital HEYIOTOC XWPOC OTN OToia KATA TN dnuIoupyia evog task
TTOU UTTOPEI va XpnoipgoTtroindei atrd auTo

0 EKTiuNnon xwpou atro Tov TTPOoYPANMATIOTH
o stack overflow vs. oTTat@An yvAung

o Avixveuon stack overflow

o configCHECK FOR_STACK OVERFLOW1 (FreeRTOSConfig.h)

o void vApplicationStackOverflowHook(TaskHandle t xTask, signed
char *pcTaskName)



FreeRTOS tasks
S

o H API function yia Tn dnuioupyia evog task:

BaseType t xTaskCreate( TaskFunction t pvTaskCode,
const char * const pcName,
uintlé_t usStackDepth,
void *pvParameters,
UBaseType t uxPriority,
TaskHandle t *pxCreatedTask ) ;

o pvTaskCode - C ouvapTtnon Pe Tov KWOIKa TTou Ba Tpéxel To task

o pcName > Ovoua yia 1o task

o usStackDepth = TO HEYEBOC TNC PVAUNG TTOU Ba ekXwpnOei w¢ aToifa
o pvParameters = TTAPAUETPOI OTN OUVAPTNON TOU task

0o uxPriority = n TTpOTEPAIOTNTA TTOU DiVETAI APXIKA OTO task
o H mporepaidtnTa gival yia Tiurn TTou divetal otnv dnuioupyia Tou task aAAG ptTopeEi va aAAGEEl o€ OTToI00NTTOTE
OTIYMA TNGS WNG Tou.
o pxCreatedTask = handler oto task TTou Ba dnuioupynOcei (Eva aAAo task tTou £xel Tov handler va
MTTOPEI TT.X. va aAAGCEl TNV TTPOTEPAIOTNTA TOU 1) VA TO dIaypPAWYEl)



FreeRTOS tick

o Ta FreeRTOS “ticks” oupBaivouv ue tTepiodo TTou TiBeTal oTo apyeio FreeRTOSConfig.h

O avaAoya JE TOV ETTECEPYAOTH OTOV OTT0IO £XEI Yivel port To FreeRTOS emmAEyETAI KAl N TTNYR QUTWY TWV interrupt
= [1.x. Private Timer Tou ARM core o1o Zyng-700 SoC tng Xilinx (xscutimer.h)

o Mia tutmikn Tiun givar 100 Hz - trepiodog 10ms
o YTrooTnpidetal kai tickless mode yia eAaxiototroinon NG KatavaAwaong 10xU0¢
o 2€ KABe tick interrupt Tpéxel pia Interrupt Service Routine (ISR):

e e e i  — — ———————
[
I

Tick ISR Pseudo Code:
|
2 ; — Hl-TickISR{]
P {
e

{'-'—
If( Tick increment readied task)

\\‘ ,.r'
\.f____j
!I m\ {

|
I
|
|
i
| : Switch execution context to readied task.
Time )
N
|
|

vControlTask
Increment tick count

vKeyHandlerTask
Idle Task

-Return from ISR
S = Timer Event



Xpovoc oto FreeRTOS
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0 H mepiodog Twv tick atroTeAei TNV yovada Xpovou Yia 1O
—reeRTOS

o [Na mapadeiypa av BEAoupe Eva task va kavel delay
5MmSs:

ovTaskDelay(pdMS TO TICKS(5))

O YIVETAI JETATPOTTA O€ “tickS™ Ta OTTOIa KI AVAUEVEL N
vTaskDelay

o n KAnon B€tel 1o task o€ blocked state




Koataotaoslc FreeRTOS tasks
=

N

Suspended

Not Running
(super state)

vTaskSuspend() vTaskSuspend|()
called called
vTaskResume()
called
Running
vTaskSuspend|() Event Blocking API
called function called

d

Blocked
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FreeRTOS scheduling
s

o O scheduler amrogpaaoilel Toio task o€ Ready state 8a petaei otnv Running state

o [Mapaperpol diaudppwaong oto FreeRTOSConfig.h

o configUSE_ PREEMPTION
o configUSE _TIME_SLICING
o configUSE_TICKLESS IDLE (default mipn 0)

o To FREE_RTOS dnuioupyei duo €1d1ka tasks: idle task kai daemon task

o To idle task éxer Tnv eAaxioTn TTpotepaidTNTa (PRIORITY 0) Kai cupBAAAEl oTNV aTTEAEUBEPWON UVAMNG
dlaypagpevTwy tasks

o To daemon task TTapéxel UTTOOTAPIEN OTNV UAOTTOINON Twv Ssoftware timers

MoAwkr) scheduling configUSE_PREEMPTION | configUSE_TIME_SLICING

Fixed Priority Pre-emptive

1 1
Scheduling with Time Slicing

Prioritized Pre-emptive

Scheduling without Time Slicing ! °

Co-operative Scheduling 0 Any value






AvtaAloayn dedopevwv

o H avraAlayr dedopévwy peTacu tasks xpnoiupotrolei Ta queues (FIFO doun)
o Ta tasks eyypa@eic ypdgouv oto TEAOG TNG Kal Ta tasks avayvwaoTteg diaBalouv atro Tnv apxn.
o Anuioupyia queue

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

o KaBe task 1o otroio diaBETtel To handler oto queue pTtTopEi va KAAEDE TIC:

BaseType t xQueueSendToFront( QueueHandle t xQueue,
const void * pvItemToQueue,
TickType t xTicksToWait );

BaseType t xQueueSendToBack( QueueHandle t xQueue,
const void * pvItemToQueue,
TickType t xTicksToWait );

BaseType t xQueueReceive( QueueHandle t xQueue,
void * const pvBuffer,
TickType t xTicksToWait );



Software timers



Software timers
S

o OvtotnTeg Tou FreeRTOS trou ecaoc@alifouv TNV eKTEAEon uiag C
ouvapTtnong (callback) og auotTnpd KABoPICUEVO XPOVO
o one-shot timer (Mia @opd) 1.X. BacklightOff() o¢ 10 ticks
o auto-reload timer (1Tepiodikd) .. LedToggle() kd&Oeg 5 ticks

0 YAOTToinon atro ToV TTUprva Xwpeic EJTTAOKN timers/counters UAIkou
o TpoaipeTIKn AEITOUPYIKOTNTA TOU TTUPNVA (timers.c)
o Software timer callback function prototype:

void ATimerCallback( TimerHandle t xTimer );

o Ta callbacks trpétrel va gival guvtopa Kal va pnv odnyouv o€
Blocked kataotaon (1r.X. 0x1 kKAnon tng vTaskDelay())



Koataotaoelc software timer

] DOrm ant xTimerCreate()

called .

o o software timer KTimerStop(
UTTAPXEI 0TO oUOTNUA, called
aAAG Oev eKTEAEITAI, KAl
KOTQ OUVETTEIA Ol
callback functions 1Tou
oxeTidovral dev Oa

xTimerStart(),
xTimerReset() or
xTimerChangePeriod()
called

Timer expired /
Execute Callback

£KTE)\€O'TO(JV Auto-reload software timer states and transitions
0 Runnin TimerCreat
J cTimercrest) _

o o0 software timer Ba

4 xTimerStop()
ekTeAéoel TNV callback rimor oxpiren/  called I

: . Execute Callback XTimerstart),
funCtlon GUIJ(pqu IJa xTiﬂ-;rCh:ngelt’(()eriod()
TOV TTPOCOIOPITHEVO called

XPOVO TOU

One-shot software timer states and transitions



Timer command queue
I

/Application Code N /FreeRTOS (kernel) Code

/f‘_* A function implemented in\ /_ \
an application task. */
void vAFunction( woid )
{
/* Write function code /* A pseudo representation
here. */ of the FreeRTOS daemon task.
ca e This is not the real
/* At some point the code! */
xTimerReset () API void prvTimerTask( ... )
function is called. . {
The implementation of Th_e API fUI'ICt.IDI'I for( ;; )
xTimerReset () writes to writes to the timer {
the timer command queue. E{jmmand queue /* Wait for a
*/ ,’ command. */
xTimerReset () ; e p{Timer command queue} —e—J xQueueReceive () ;
/* Write the rest of the < /* Process the
function code here. */ The RTOS daemon command. */
} task reads from the }

& / timer command queue \Q /

The timer command queue being used by a software timer APl function to
communicate with the RTOS daemon task




Daemon task scheduling
T

o To daemon task dpouoAoyeital OTTw¢ Kal kGBe AANo FreeRTOS task
o O poAog Tou gival va erTecepyaoTei commands (ta diapadler atrd To command queue)
o Oupa adeia - daemon task Blocked

o Xpeladetal context switch petagu application task kar daemon task - 1o daemon task va
EXEI APKETA YEYAAN TTPOTEPAIOTATA

o O xpovocg trou BEToupe o€ €va software timer call dev etrnpeadletal atrd 10 TTOTE O
Tpécel To daemon task

o KaBe command oto command queue €xel Eva timestamp (o€ TTARBOG ticks)

O TO timestamp YEQUPWVEI TOV XPOVO TTOU TTEPVA PETACU TNG dnUIoUpPYiag Tou
command (application task) kai Tn¢ erecepyacoiac Tou (daemon task)

O T1 Ba yivel av o daemon dev TpECEl ypnyopoTeEPa aTToO TO0 {NTOUMEVO;



- Interrupts



Alaxeiplon dtakomwv
TS e

o H onuaoia Twv events otn AEITOUpYia TWV EVOWHOTWHEVWY CUCTNPATWY TTPAYUATIKOU XpOVou

o EmAoyr) KAAUTEPNC OTPATNYIKAG VIO TNV ETTECEPYATIA TWV CUUBAVTWY
o lNwcg Tpétel va evTotmioTei To oupBav; Interrupts ry Polling;
o [oon emegepyaoia TTPETTEN va Yivel EVTOC TNG pouTivag eguttnpéTnong dlakoTtwy (ISR), kai TTéon ekToC;
o lNwc¢ Ta cupBdvTta KolvotroloUvTal OTOV KUPIO KWAIKA (KTOC ISR) Kal TTWS UTTOPEI aUuTOC 0 KWAIKAC va douNBEi;
o To FreeRTOS mapéxel duvaTtoTnTEG WOTE N ETTIAEYPEVN OTPATNYIKI VA UAOTTOINOEI e aTTAS Kal
ETTEKTACIUO TPOTTO
o lNpotepaidTNTEC task vs. TTpoTepaIdTNTEC interrupt
o ‘Evatask gival yia ovtotnTa AOYICPIKOU TTOU OeV OXETICETAI ME TO UAIKO OTO OTT0io eKTEAEITAI TO FreeRTOS

o Mia pouTiva €CuUTTNPETNONG OIAKOTTWY, AV KOI AOYICMIKO, OTNV TTPAELN £XEI VA UTTOOTPWHA TO OTTOIO EKPPACEl pIa
duvaTdTNTa UAIKOU

o Ta tasks pmTopouv va ekteAoUvVTal HOVO OTAV OEV EKTEAOUVTAI POUTIVEG ECUTTNPETNONG DIOKOTTWY
o E&aptnon diakotwy atrd TIg apXITekTovikEG MCU



Interrupt safe API
I

o [ToAAG system calls ekTeAoUV evEPYEIEC TTOU DEV Eival EYKUPEC HETA OE MIA pOUTiva
ecuttnpETNONG diakoTTwy (ISR)
o [.yx. yet@paon Tou task TTou €kave xprion Tou system call o€ kardoTtaon Blocked
0 To FreeRTOS 1rapéxel dUo ekdOOEIG OpIoHEVWY System calls:
o API yia xprjon atro tasks
o Interrupt safe API (kataAngn ovouaroc system call “FromISR”)

o NB: Aev Tpétrel va kahoupe eviog piag ISR system calls tTou dev £€xouv KATAANEN OTO
Oovoua Toug 10 "FromISR*

o 2evaplo epapuoync: Orav marnBsi éva mANKTpo, avaBer o orrioBio¢ pwriouo¢ LCD. Eav
ITELATOUV 5 OEUTEPOAETTTA XWPIC va TTaTnOei éva TTARKTPO, TOTE 0 OTTIo6I0¢ PWTIoUOS LCD
OBAVEl.

o xBacklightTimer, one-shot software timer yia xpovo 5 secs
o vBacklightTimerCallback() , callback function Tou software timer
o XTimerResetFromISR(...), interrupt safe API yia xprion eviog ISR



YAoroilnon ogvopiov epapoync

/* The callback function assigned to the one-shot timer. In this
case the parameter is not used. */

void vBacklightTimerCallback( TimerHandle t pxTimer )
{
/* The timer expired, therefore 5 seconds must have passed
since a key was pressed. Switch off the LCD back-light. */
vSetBacklightState ( BACKLIGHT_OFF ) ;
}
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/* The key presz interrupt service routine. */
void vKeyPressEventInterruptHandler ( wvoid )

{
BaseType t xHigherPriorityTaskWoken = pdFALSE;

/* Ensure the LCD back-light is on, then reset the timer that
is responsible for turning the back-light off after 5 seconds of
key inactivity. This is an interrupt service routine so can only
call FreeRTOS API functions that end in "FromISR". */

vSetBacklightstate ( BACKLIGHT ON ) ;

/* XTimerstartFromISR() or xTimerResetFromISER() could be
called here as both cause the timer to re-calculate its expiry
time. xHigherPriorityTaskWoken was initialised to pdFALSE when it
was declared (in this function). */

if( xTimerResetFromISR( xBacklightTimer,

&xHigherPriorityTaskWoken ) != pdPASS

{

/* The reset command was not executed successfully. Take
appropriate action here. */

}

/* Perform the rest of the key processing here. */

/* If xHigherPriorityTaskWoken equals pdTRUE, then a context
switch should be performed. The syntax required to perform a
context switch from inside an ISR wvaries from port to port, and
from compiler tocompiler. hnspect the demos for the port you are
using to find the actual syntax required. */

if( xHigherPriorityTaskWoken != pdFALSE )

{

/* Call the interrupt safe yield function here (actual
functiondepends on the FreeRTOS port being used). */

}

}



void main( wvoid )
{
flong x;

/* Create then start the one-shot timer that is responsible for
turning the back-light off if no keys are pressed within a 5 second
period. */

xBacklightTimer = xTimerCreate

(
/* Just a text name, not used by the RTOS kernel. */
"BacklightTimer",
/* The timer period in ticks. */f
{ 5000 / portTICK PERIOD MS),
/* The timer is a one-shot timer. */
pdFALSE,
/* The id is not used by the callback so can take any
value. */
0,
/* The callback function that switches the LCD back-
light off. */
vBacklightTimerCallback
):

if{ xBacklightTimer =— NULL )
{
/* The timer was not created. */
}
else
{

/* Start the timer. WNo block time is specified, and even if one
was it would be ignored because the RT0OS scheduler has not yet been
started. */

if( xTimerStart( xBacklightTimer, 0 ) != pdPASS )

{

/* The timer could not be set into the Active state. */

}

}

/* ...
Create tasks here.
.o/

/* starting the RTOS scheduler will start the timer running as it has
already been set into the active state. */
vTaskStartScheduler() ;

/* Should not reach here. */
for( ;; )



MeyeBoc ISR — Keep it short!
B

Kivntpo:
0 Agv KaBuoTepoupe UTTEPPOAIKA TNV EKTEAEON TWV
UTTOAOITTWYV tasks

o Meliwvoupe 1o «jitter» aToug XPOVOUC eKTEAEONC TV tasks
0 EmTpETTOUME TNV ATTOO0XN VEWV OIOKOTTWYV
o Meliwvoupe Tnv mMOavoTnTa yia interrupt nesting

0 eplopioupe TNV TTOAUTTAOKOTNTA OXETIKN UE TNV TTPOCTACIA
KOIVWYV TTOPpWV



Deferred interrupt processing

o Tryivetar dtav €va event atraiTei apkeTod Xpovo etegepyaaiac (1T.x. Aqyn evoc network
packet amré Wifi Controller atrautei ektéAeon TCP/IP kwdika);

o Deferred interrupt processing
o task uPnAAG TTPOTEPAIOTNTAC VIO VO CUVEXIOEI AUECWC TO interrupt processing

O ATTaITE évav unXaviopo ouyxpoviopou petacu ISR kail task (binary semaphores, task
notifications)

the interrupting peripheral, the priority of Task 1, so the ISR returns
clears the interrupt, then directly to Task 2, in which the interrupt
unblocks Task 2. processing is completed.

2 - The ISR executes, handleslT 3 - The priority of Task 2 is higher thaan

ISR ‘t-:: 4 - Task 2 enters the
G/ Blocked state to wait for
Task2 i / the next interrupt, allowing
(deferred processing task)  Sp— Task 1 to re-enter the
Running state.

Task1 ie— f—

\ 1 213 t4 >
1 - Task1 is Running when an %

interrupt occurs.

Completing interrupt processing in a high priority task



Apaotnplotnta
oy

[10T€ €ival KOAUTEPO va EKTEAOUUE OAN TNV ETTECEPYATIA TTOU
QATTAITEITAI ATTO £va Interrupt otn ISR Kal TOTE €ival KAAUTEPO

Va avaBEoouPE NEPOC TNC ETTECEPYAOIAC O€ £va task;
0 Otav n eTrecepyaaia Tou ATTaITEITAI ATTO TN OIAKOTTI OEV
gival attAn — 11.X. analog to digital conversion + filtering

o Otav TpETTEl va YypAWOUUE KATI O€ JIa KOVOOAQ 1) va VYiVel

KOTAVOUN UVAUNG
0 OTav n eregepyaaia Ogv €ival VIETEPUIVIOTIKI
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2UYXPOVLOUOC HeTaéL ISR kot task

32|
2 - The ISR executes, handles 3 - Task 2 completes
the interrupting peripheral, any further processing
clears the interrupt, then ‘gives’ necessitated by the
a semaphore to unblock Task 2. interrupt, then blocks

on the semaphore to (bjocking ‘take’)

Etriong, mpemel va ouptrepiAaBel wait to be unblocked
Hia KAnon 070 Macro ISR -, again by the next
portYIELD_FROM_ISR() interrupt
3 .
Task2 | S
(deferred processing task) K
Task1 i fr—
- ‘-{d-"
T-Whentheinterrupt |\ [ 11 113 1

occurs, Task1 is Running,
and Task?2 is Blocked
waiting for a semaphore.

Using a binary semaphore to implement deferred interrupt processing



2UYXPOVLOUOC HeTaéL ISR kot task

Task

:\ i xSemaphoreTake()

The semaphore is not

El xSemaphoreTake()

An interrupt occurs...that
‘gives’ the semaphore....

available...
...50 the task is blocked :..that now successfully
waiting for the semaphore takes' the semaphore, so it
is unavailable once more.
Task
Interrupt!
xSemaphoreGiveFromISR() (@] xSemaphoreTake() E’

The task can now perform its action, when complete
it will once again attempt to ‘take' the semaphore
which will cause it to re-enter the Blocked state.

Interrupt!

xSemaphoreGiveFromISR(

)

xSemaphoreTake()

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

Using a binary semaphore to synchronize a task with an interrupt




YAomoinon napadeiypatoc (1/4)
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2UYXPOVIOHOG METASU ISR Kai task pe xpryon binary semaphore

/* The number of the software interrupt used in this example. The code shown is from
the Windows project, where numbers 0 to 2 are used by the FreeRTOS Windows port
itself, so 3 is the first number available to the application. */

#define mainINTERRUPT NUMBER 3

static void vPeriodicTask( void *pvParameters )

{
const TickType_t xDelay500ms = pdMS_TO_TICKS( 500UL ) ;

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

/* Block until it is time to generate the software interrupt again. */
vTaskDelay( xDelay500ms ) ;

/* Generate the interrupt, printing a message both before and after
the interrupt has been generated, so the sequence of execution is evident
from the output.

The syntax used to generate a software interrupt is dependent on the
FreeRTOS port being used. The syntax used below can only be used with

the FreeRTOS Windows port, in which such interrupts are only simulated. */
vPrintString( "Periodic task - About to generate an interrupt.\r\n" );
vPortGenerateSimulatedInterrupt ( mainINTERRUPT NUMBER ) ;

vPrintString( "Periodic task - Interrupt generated.\r\n\r\n\r\n" );

}
Implementation of the task that periodically generates a software interrupt




YAomoinon mapadsiypotoc (2/4)
sy

2UyXpoVvIouOG HETOCU ISR kal task pe xprion binary semaphore

static void vHandlerTask( void *pvParameters )

{

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

for( ;; )

{
/* Use the semaphore to wait for the event. The semaphore was created
before the scheduler was started, so before this task ran for the first
time. The task blocks indefinitely, meaning this function call will only
return once the semaphore has been successfully obtained - so there is
no need to check the value returned by xSemaphoreTake(). */
xSemaphoreTake ( xBinarySemaphore, portMAX DELAY );

/* To get here the event must have occurred. Process the event (in this

Case, just print out a message). */
vPrintString( "Handler task - Processing event.\r\n" );

The implementation of the task to which the interrupt processing is
deferred (the task that synchronizes with the interrupt)



YAomoinon napoadeiypatoc (3/4)
o6

2UYXpPOVIOHOG METASU ISR Kai task pe xpryon binary semaphore

static uint32 t ulExampleInterruptHandler( void )

{
BaseType t xHigherPriorityTaskWoken;

/* The xHigherPriorityTaskWoken parameter must be initialized to pdFALSE as
it will get set to pdTRUE inside the interrupt safe API function if a
context switch is required. */

xHigherPriorityTaskWoken = pdFALSE;

/* 'Give' the semaphore to unblock the task, passing in the address of
xHigherPriorityTaskWoken as the interrupt safe API function's
pxHigherPriorityTaskWoken parameter. */

xSemaphoreGiveFromISR( xBinarySemaphore, &xHigherPriorityTaskWoken );

/* Pass the xHigherPriorityTaskWoken value into portYIELD FROM ISR(). If
xHigherPriorityTaskWoken was set to pdTRUE inside xSemaphoreGiveFromISR()
then calling portYIELD FROM ISR() will request a context switch. If
xHigherPriorityTaskWoken is still pdFALSE then calling
POrtYIELD_FROM ISR() will have no effect. Unlike most FreeRTOS ports, the
Windows port requires the ISR to return a value - the return statement

is inside the Windows version of portYIELD FROM ISR() . * /
portYIELD FROM ISR( xHigherPriorityTaskWoken ) ;

The ISR for the software interrupt



YAomoinon napoadeiypatoc (4/4)

-0V
2UYXPOVIOHOG METASU ISR Kai task pe xpryon binary semaphore

int main( void )

{
/* Before a semaphore is used it must be explicitly created. In this example
a binary semaphore is created. */
xBinarySemaphore = xSemaphoreCreateBinary () ;

/* Check the semaphore was created successfully. */

if( xBinarySemaphore !'= NULL )

{
/* Create the 'handler' task, which is the task to which interrupt
processing is deferred. This is the task that will be synchronized with
the interrupt. The handler task is created with a high priority to ensure
it runs immediately after the interrupt exits. 1In this case a priority of
3 is chosen. */
xTaskCreate( vHandlerTask, "Handler", 1000, NULL, 3, NULL );

/* Create the task that will periodically generate a software interrupt.
This is created with a priority below the handler task to ensure it will
get preempted each time the handler task exits the Blocked state. */
xTaskCreate( vPeriodicTask, "Periodic", 1000, NULL, 1, NULL );

/* Install the handler for the software interrupt. The syntax necessary

to do this is dependent on the FreeRTOS port being used. The syntax

shown here can only be used with the FreeRTOS windows port, where such
interrupts are only simulated. */

vPortSetInterruptHandler ( mainINTERRUPT NUMBER, ulExampleInterruptHandler );

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

/* As normal, the following line should never be reached. */
for( ;; )i



Apootnplotnta
T e

o Me avagopa oTtnv TTponyoupevn UAoTToIinonN:
o T1 Ba oupBei av Eva OeUTEPO Interrupt EPPAvIOTEl, EVW TO task
ECUTTNPETEI AKOUN TO TTPWTO;
o T1 Ba oupBei av Eva Tpito interrupt ep@avioTel, Evw TO task
ECUTTNPETEI AKOUN TO TTPWTO;



Apootnplotnta
o

Ti1 0a cupBei av Eva deUTEPO interrupt eppavioTei, Evw 1O task
ECUTTNPETEI AKOMN TO TTPWTO;

Task Interrupt! Task
[ ] xSemaphoreTake() xSemaphoreGiveFromISR() (@] vProcessEvent()

The semaphore is not _ .the task is blocked Ancther interrupt occurs while the task is still processing the The task is still processing
available... waiting for the semaphore. first event. The ISR ‘gives’ the semaphore again, effectively the first event.
latching the event so the event is not lost.

Interrupt! Task Taok
dask
xSemaphoreGiveFromISR() lﬂl < xSemaphoreTake() - I xSemaphoreTake())

An interrupt ‘gives’ the ... which unblocks the task.
semaphore....

When the task has finished processing the first event it calls xSemaphoreTake() again.
Another interrupt has already occurred, so the semaphore is already available.

Task .) Task P
E vProcessEvent() IE vProcessEvent()

The task ‘takes’ the semaphore, so the semaphore is no longer
available. The task then starts to process the first event.

The task takes the semaphore (without entering the
Blocked state), then processes the second event.




Apootnplotnta

Ti1 0a cupBei av Eva TpiTto interrupt ep@aAvIOTEN, EVW TO task

ECUTTNPETEI AKOMN TO TTPWTO;

Task
[ ] I xSemaphoreTake()

The semaphore is not ...the task is blocked

Interrupt! Task
xSemaphoreGiveFromISR() vProcessEvent()

A third interrupt occurs while the task is still processing the first The task is still processing
event. The ISR cannot give the semaphore again, because the first event.
the semaphore is already available, and the event is lost.

Task
[@]] > xSemaphoreTake()

When the task has finished processing the first event it calls xSemaphoreTake() again. A
second and third interrupt have already occurred, so the semaphore is already available.

Task .
El vProcessEvent()

The task takes the semaphore (without entering the Blocked state), so the semaphore
is no longer available. The task then processes the second event.

available... waiting for the semaphore.
Interrupt! (I’ ask
xSemaphoreGiveFromISR() @ |  xSemaphoreTake()
An interrupt ‘gives’ the ... which unblocks the task.
semaphore....
Task .
El vProcessEvent()
The task ‘takes’ the semaphore, so the semaphore is no longer
available. The task then starts to process the first event.
Interrupt! Task
xSemaphoreGiveFromISR() IQI vProcessEvent()

A second interrupt occurs while the task is still processing
the first event. The ISR ‘gives’ the semaphore again,
effectively latching the event so the event is not lost.

The task is still processing
the first event.

Task

:l xSemaphoreTake()

When the task has finished processing the second event it calls xSemaphoreTake() again,
but the semaphore is not available, and the task enters the Blocked state to wait for the
next interrupt - even though the third event has not been processed.




UART receive handler
T

static void vUARTReceiveHandlerTask( void *pvParameters )

{

/* xMaxExpectedBlockTime holds the maximum time expected between two interrupts. */
const TickType_t xMaxExpectedBlockTime = pdMS TO TICKS( 500 );

/* As per most tasks, this task is implemented within an infinite loop. */
for( ;; )
{
/* The semaphore is 'given' by the UART's receive (Rx) interrupt. Wait a
maximum of xMaxExpectedBlockTime ticks for the next interrupt. */
if ( xSemaphoreTake( xBinarySemaphore, xMaxExpectedBlockTime ) == pdPASS )
{
/* The semaphore was obtained. Process ALL pending Rx events before
calling xSemaphoreTake() again. Each Rx event will have placed a
character in the UART’'s receive FIFO, and UART RxCount() is assumed to
return the number of characters in the FIFO. */
while( UART RxCount() > 0 )
{

/* UART_ ProcessNextRxEvent() is assumed to process one Rx character,
reducing the number of characters in the FIFO by 1. */
UART_ ProcessNextRxEvent() ;

}

/* No more Rx events are pending (there are no more characters in the
FIFO), so loop back and call xSemaphoreTake() to wait for the next
interrupt. Any interrupts occurring between this point in the code and
the call to xSemaphoreTake() will be latched in the semaphore, so will
not be lost. */

}

else

{

/* An event was not received within the expected time. Check for, and if
necessary clear, any error conditions in the UART that might be
preventing the UART from generating any more interrupts. */
UART_ClearErrors();






Auvvopkn pvnun oto FreeRTOS

FreeRTOSv9.0.0 » FreeRTOS » Source » portable » MemMang

Name Date modified Type Size

& heap_1 20-May-16 19:23 C File KB
¢ — R o . )

M heap_2 20-May-16 19:23 C File 13 KB
o Q‘l’ heap_3 20-May-16 19:23 C File b KB
* [ heap_4 20-May-16 19:23 C File 17KE
o Q‘f heap_5 20-May-16 19:23 C File 19 KB
s 7 ReadMe 11-Feb-16 17:51 Internet Shortcut 1KB

o YAotroinon Twv ocuvaptioswyv pvPortMalloc() kai vPortFree()
o Tati oy xprion Twv C standard cuvaptiioswyv malloc() kai free();

o Mexpr Tnv €kdoon V9.0.0 o xwpog pvnung yia Ta avTIKEIJEVA TOU
TTUPAVA TTOPAXWPEITAI O XPOVO EKTEAEONC (run-time).

o Ao Tnv €kdoon V9.0.0 diveral n duvaTtoTnTa OTATIKIC
TTapaxwpenong MVNUNG o€ Xpovo JeTayAwTTiong (compilation-time).



Heap_ 1

o KataAAnAGTNTA yIa CUCTAMATA TA OTTOIQ
dnuIoupyouv OAa Ta avTiKEipeva TrTupiva (Tr.x.
tasks) Trpiv ¢ekivrioel va TpExel o scheduler

>

o Mikpd péyebog kal atrAdTnTa

o Aegv xpeiadetal n vPortFree(), atrAr) uAoTroinon Kai
VTETEPUIVIOTIKOTNTA TNG pvPortMalloc()

o [Mivakag C peyéBoucg “configTOTAL_HEAP_SIZE”
(FreeRTOSConfig.h)

o O Trivakag auTtog utrodiaipeital
o€ MIKPOTEPQ block

L—ooeds sty —

—configTOTAL_HEAP_SIZE—




Heap_ 2

a5

o KataAAnAGTNTA yIa EQAPUOYES TTOU ONUIOUPYOUV |‘ A ] B 1 c
Kal O1aypA@OouUV AVTIKEIUEVA TTUPHVA DUVAUIKA at T T

0 YAoTrolgital kai n ouvaptnon vPortFree() y g E E

0 AAyOpIBuog best-fit yia edpeon eAelBepou block @ 8 8 8
pVAKNG < | | |

o Agv UANOTTOIEITAI OUVEVWON YEITOVIKWY EAEUBEPWV I
block i

o MBavocg KaTakePUATIOPNOC Iém é‘_ﬂ

o Kahutepn emhoyr) Heap 4 : a3

o Agv gival VTETEPUIVIOTIKNA ° -

o Taxutepn atmd malloc() / free() |




Heap_3
N

0 2€ autn TN 01apBpwaon pvPortMalloc() kai
vPortFree() xpnoiuyotroiouv T1i¢ standard malloc()
Kal free()

0 To yEyeBocg owpou kabopiletal atro 1o linker
configuration

o thread-safe pe armrevepyotroinon Tou scheduler
TpIv TNV KANon Twv malloc() kai free()



Heap_ 4

o [Ma 1nv pvPortMalloc() uAoTroigi
aAyopiBuo first-fit

0 2UVEVWON YEITOVIKWY
eAeUBepwV block o€ éva eviaio
block.

o AuvaTtoTtnTa opiopou TNG
d1eUBuvaonc Tou TTivaka cwpou

o Agv gival VTETEPUIVIOTIKA,
ypnyopotepn atrd malloc() /
free().

1

_HEAP_SIZE

configTOTAL

—

L—aoeds sai{

|co

L—aoeds sai4—

TCB

Free Space

Stack

TCB

(@]

TCB

Free Space

L—oaoeds sai4—

Stack

TCB

Free Space

User
Queue

Stack

TCB

L—oaoeds sai4—l

E

Stack

TCB

Free Space
User

Free Space

Stack

TCB

L—aoeds sai4—l

=

TCB

Free Space

Stack

TCB

L aseds sayq—J



Heap_5
N

o [lapouola ye Tnv Tnv Heap 4
o AuvaTtoTnTa TTapaxwpenong MVAMNG OT1TO PN CUVEXOMEVA TUAMATA
dleuBuvoEwWV.
o KAqon tng vPortDefineHeapRegions() = opIouOg dIAKPITWY [N
OUVEXOMEVWYV TTEPIOYXWYV UVAMNG WS Heap
o H ouvdaptnon avauével oav Opiopa €vav O€ikTn o€ TTivaka Twv C douwv TUTTOU
HeapRegion

typedef struct HeapRegion

{
/* The start address of a block of memory that will be part of the heap.*/

uint8_t *pucStartAddress;

/* The size of the block of memory in bytes. */
size t xSizelnBytes;

} HeapRegion_t;

The HeapRegion_t structure



Auvopikn pvnun oto FreeRTOS

0 AIQQOPETIKEC ETTIAOYEC YIa TN QUVAUIKK dlaxXEipion UvNUNG
o ATTAOTNTA, VIO EPAPPOYEC auOTNPA TTPAYUATIKOU Xpovou (hard-
real time) (Heap 1)
o EueAigia kal Asitoupyikotnta (Heap 4)

o O1 ouvapTnoepic pvPortMalloc() kai vPortFree() ytropouv
va KAnBouv Kail o€ user application code otn B£on Twv
malloc() kai free()



— Linux




FreeRTOS vs Linux

AuvaTtoTnTeg

ATTQITAOEIC TTOPWV
YTToo0TNPICOMEVES QPXITEKTOVIKEG
Alaxeipion diepyaciwyv

EIKOVIKI pvAun

O O 0O O O O

EukoAia avartu¢ng

R TOS

L?,nux ﬁ

E M B E D D E D




AuvoTOTNTEC
s 5

o MapéxovTal £TOINEG HOVO Ol BACIKEG o TIANBwpa AsIToupyiwy OTTWG YPAPIKO
AeiToupyieg Trupnva evog A2 scheduler, epIBaAAov, compilers, cuoTnua
unxaviopoi IPC, ouyxpoviouog apyeiwv, TCP/IP stack, K.4.

o EmmmAéov AsitoupyikotnTta wg add-on (TCP/IP

OpPTWON EPAPHUOYWYV ATTO OCUCTNHA
stack, FAT ouoTnua apxeiwv) o ®OpTWON £PapHOy nu

apxEiwv
o Agv uttooTnpieTal N OUVAUIKI) POPTWON

SIEQYATIWV o AvecapTtnaoia TTUPAVA Kal EPAPPOYWY

o Eviaio image truprjva kail eQapuoyng

Ai1adikTuo TwV MNMpayuatwyv



ATIOLTNOELC TIOPWV

53—

0 ATTQITEITAI JVAMN TG TACNG TWV MEPIKWV o ATTQITEITAI HVAMN TNG TASNG pEpIkwy MB

KB o€ ouokeueg loT 0 INUAVTIKEC ATTAITACEIC O€ ETTEEEPYATTIKA

o 8-bit AVR: 5Kb FLASH pvrun kar 200 I0XU WOTE VA MEIWBEI 0O AVTIKTUTTIOC TWV
bytes RAM (2 tasks, 1 oupad, 1 diagpopwyv overheads
onNMAPOPO CUYXPOVIOUOU)

o H atraitoupevn €TTECEPYAOTIKN 1I0XUC Eival
MIKP AOYW HIKPOU Kal atTAou KwOIKa
TTupnva

Ai1adikTuo TwV MNMpayuatwyv



YrootnpLl{OUEVEC APXLTEKTOVLKEG
L

o lMepitmou 160 ports, ammo 8bit AVR o Kara Baon x86, x64, amd64 kai

w¢ 32-bit ARM Cortex-A high-end ARM

o Ports TTou agloTrolouV TIG o MapaAAayeg Tutrou uClinux yia
dUVATOTNTEC UAIKOU: LUProcessors mmepIopIoUEVWYV
o FPU (Floating-point Unit) OUVATOTATWYV

o MPU (Memory Protection Unit).

Ai1adikTuo TwV MNMpayuatwyv



Awaxeiplon Otepyaoclwy (scheduling)
o5 5

o AuvardtnTa hard-real time xpovikwv o [eplopiouoi oTa Xpovika 6pia TTou
opiwv MTTOPOUV va TEBoUV
o Preemptive dpopoAdynon ue o ETmAoyEg dOpouoAdynong

TTPOTEPAIOTNTEG OTA tasks 0 Real time scheduler

o [pryopo context-switch AOyw eAa@piou

i o XpovoBopo context-switch Adyw
TTUpnva

TTOAUTTAOKOTNTAG dlaxeipiong

Ai1adikTuo TwV MNMpayuatwyv



Elkovikn pvnun
_ s

0 2T YEVIKN TTEPITITWON OEV UAOTTOIEITAN o [TAQPNG UTTOOTAPIEN O€ BEPATA EIKOVIKNG
EIKOVIKI PVAUN HVAUNG

o [0 oplopéveG target apXITEKTOVIKEG (TT.X. o Trade-off yetagu euehiciag kai real-time
ARM Cortex-M3 kai ARM-Cortex-M4F) atrédoong

TTAPEXETAI N dUVATOTNTA ALIOTTOINONG
novadwyv MPU
o dlaxwplouocg oe Privilleged kal User tasks

o gyyunuévn avixveuon stack overflow

Ai1adikTuo TwV MNMpayuatwyv



EukoAia avarmtuéng
e

IFreeRTOSuQ.O.D s FreeRTOS > Demo o oAU G'IT)\,O Kal O EKTsysoTaTo documentation kai support amé Tnv
TTEPIEKTIKO KoIvoTnTa
Name - documentation kai

demo yia KGO port.
ARMT7_LPC2106_GCC

ARMT7_LPC2129_|AR
ARMT7T_LPC2129_Keil_RVDS
ARM7_LPC2138_Rowley
ARMY_LPC2368_Eclipse
ARMY7_LPC2368_Rowley
ARMT_STR71x_IAR
ARMY7_STR73x_GCC
ARMT7T_STR75x_IAR
ARMSI_ATI1SAMAIXE_IAR

% % % % %

Ai1adikTuo TwV MNMpayuatwyv



>uvoyn ouykpLong
sy

o ATTAOTNTA, UMIKPO pEYEBOC kal TaxuTtnTa Tou FreeRTOS vs. TTANpEC eUPOC
duvaTtoTATWV AZ TOoU Linux

0 KataAAnAGTATa avaAoya PE TO OEVAPIO EQAPHOYNG

o 2uoTtnua 1rou diafadel dedopEva atrd aiodNTrPEG, EAEYXEI Evav NAEKTPOKIVATAPA KAl
XPNOIUOTTIOIET pia 084V YE aTTAd YPAPIKA VI TTAPAUPETPOTTIOINCN KAl
TTapakoAouBnon

o 2uoTtnua 1rou diafadlel aicOnTtApeg, aTEAvEl email e ava@oOpPES HETPNOEWYV Kal VA
TpEXEl evav Web server kai Node.js

o Auvarotnta Xpriong o€ EMTTOPIKA TTPOIOVTA [E TPOTTOTTOINON TOU KWAIKA TOU TTUprva
XWPIGC va €ival UTTOXPEWTIKO va dnPooIcuBei 0 KWAIKAC TS EPAPUOYAS
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