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Systemy czasu rzeczywistego

System czasu rzeczywistego (ang. real-time system, real-time
computing, RTC) — urzadzenie techniczne, ktérego wynik i efekt
dziatania jest zalezny od chwili wypracowania tego wyniku. Istnieje
wiele roznych definicji naukowych takiego systemu. Ich wspding
cecha jest zwrdcenie uwagi na rownolegtos¢ w czasie zmian w
srodowisku oraz obliczen realizowanych na podstawie stanu
srodowiska. Z tego wyscigu dwoch stanow: zewnetrznego i
wewnetrznego, wynikajg kryteria ograniczajgce czas
wypracowywania wyniku.
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Systemy czasu rzeczywistego

Czesto pod pojeciem ,system czasu rzeczywistego” rozumie sie systemy
zbudowane z wykorzystaniem komputera, pracujgcego pod kontrolg systemu
operacyjnego czasu rzeczywistego. W sktad takiego systemu wtgcza sie takze jego
niezbedne otoczenie, takie jak deterministyczne sieci transmisyjne (np. Modbus,
CAN itd.),uktady wejsciowe i wyjsciowe oraz urzadzenia kontrolowane przez
komputer (np. napedy, przekazniki, itd. ).

Aby system skfadajacy sie z komponentdéw byt systemem czasu rzeczywistego,
konieczne jest spetnianie wymogow systemu czasu rzeczywistego przez kazdy z
komponentow. W przypadku systeméw informatycznych oznacza to, ze zaréwno
sprzet, system operacyjny, jak i oprogramowanie aplikacyjne muszg gwarantowac
dotrzymanie zdefiniowanych ograniczen czasowych.

W realizacji oprogramowania dziatajgcego w czasie rzeczywistym niezbedna jest
analiza wydajnosci dziatania aplikacji.
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Systemy czasu rzeczywistego

Podziat systemow czasu rzeczywistego:

1. systemy o ostrych/rygorystycznych ograniczeniach czasowych (ang. hard real-
time)

2. systemy o mocnych ograniczeniach czasowych (ang. firm real-time) - gdy fakt
przekroczenia terminu powoduje catkowitg nieprzydatnos¢ wypracowanego
przez system wyniku, jednakze nie oznacza to zagrozenia dla ludzi lub sprzetu;
pojecie to stosowane jest gtownie w opisie teoretycznym baz danych czasu
rzeczywistego,

3. systemy o miekkich lub tagodnych ograniczeniach czasowych (ang. soft real-
time)
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Systemy czasu rzeczywistego

Rygorystyczne ograniczenie czasowe (ang. Hard Deadline)

to takie ograniczenie ktore zawsze pozostaje spetnione. Jesli cho€ raz zostato przekroczone
uwaza sie ze nie zostato spetnione. Wymaga sie aby istniata procedura walidacyjna
pozwalajgca na sprawdzenie czy warunek ten zostat spetniony.

Rygorystyczny system czasu rzeczywistego (ang. Hard Real TimeSystem)

to system w ktérym wymaga sie spetnienia rygorystycznych ograniczen czasowych.
Przyktady rygorystycznych systemow czasu rzeczywistego:

e System sterowania elektrownig atomowg

e System sterowania samolotem

e System sterowania zaptonem samochodowym
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Systemy czasu rzeczywistego

tagodne ograniczenie czasowe (ang. Soft Deadline)

to takie ograniczenie czasowe ktore czasami moze byc¢ przekroczone i przekroczenie

pewnego czasu powoduje negatywne skutki tym powazniejsze, im bardziej ten czas zostat
przekroczony.

Jak zdefiniowac pojecie czasami:

1. Kategoria prawdopodobienstwa — np. ograniczenie spetnione jest
w 99% przypadkow.

2. Funkcja uzytecznosci — podaje ocene korzysci w zaleznosci od
czasu uzyskania odpowiedzi.

tagodny system czasu rzeczywistego (ang. Soft Real Time System)

To system w ktdorym wymaga sie spetnienia tagodnych ograniczen czasowych.
Przyktady fagodnych systemow czasu rzeczywistego:

- Multimedia

- Sterowanie telefonem komdrkowym

- Centrala telefoniczna

%
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Systemy czasu rzeczywistego

Systemy czasu rzeczywistego znajdujg zastosowanie:

e w przemysle do nadzorowania procesow technologicznych,
e systemy rozproszone- sktadajgce sie z wielu elementow,
e do nadzorowania eksperymentéw naukowych,

e w urzgdzeniach powszechnego uzytku, jak sterowniki uktadéw ABS i ESP czy wtrysku
paliwa do silnikdw samochodowych, badz tez urzgdzenia gospodarstwa domowego,

e w medycynie,
e w lotnictwie, zastosowaniach wojskowych i kosmicznych,

e w autimatycznych kasach biletowych, oprogramowaniu bibliotek i podobnych ustugach
realizowanych w wielodostepnych systemach rozproszonych,

e skomplikowane uktady sterowania, ktdre realizujg kilka roznych funkcji.
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FreeRTOS

FreeRTOS — system operacyjny czasu rzeczywistego dla urzagdzen wbudowanych.

e FreeRTOS zostat zaprojektowany, pod katem najkrotszego i najprostszego kodu
zrodtowego. Jadro sktada sie tylko z trzech plikdow kodu. Aby kod byt czytelny, fatwy do
portowania i konserwacji jest napisany gtownie w jezyku C. Zastosowano rowniez
wstawki assemblerowe.

e FreeRTOS zapewnia metody do tworzenia wielu watkow badz zadan, mutexow,
semaforow i timerdw. Posiada ponadto specjalistyczne funkcje dla aplikacji o niskim
poborze pradu. Obstugiwane sg priorytety wyjatkdow. Aplikacje mogg byc¢ catkowicie
przydzielane statycznie.

e Nie ma bardziej zaawansowanych funkcji, ktére zwykle mozna znalez¢ w systemach
operacyjnych, takich jak Linux lub Microsoft Windows, takich jak sterowniki urzadzen,
zaawansowane zarzgdzanie pamiecig, konta uzytkownikdow i sie€. Nacisk ktadziony jest
na zwartosc i szybkosé wykonania. FreeRTOS mozna traktowad raczej jako ,biblioteke
watkow” niz ,system operacyjny”,
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SafeRTOS

SAFERTOS® is a pre-certified safety Real Time Operating System (RTOS) for embedded
processors. It delivers superior performance and pre-certified dependability, whilst
utilizing minimal resources.

e Developed by WHIS, a safety systems company
e Supports a wide range of international development standards
e Based on the FreeRTOS functional model, with simple migration

e Available pre-certified to IEC 61508-3 SIL 3 by TUV SUD - Bezpieczenstwo funkcjonalne
elektrycznych/elektronicznych/programowalnych elektronicznych systemow
zwigzanych z bezpieczenstwem

e Available pre-certified to I1SO 26262 ASIL D by TUV SUD - (Automotive Safety Integrity
Level) - awaria ktoregokolwiek z komponentdw nie powodowata zagrozenia dla osdb
znajdujacych sie wewnatrz lub na zewnatrz pojazdu.

e Part of the WITTENSTEIN group, established in 1948
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Watki - zadania

e program dzielimy na mniejsze zadania/watki

e kazdy watek wykonuje zatozone operacje zgodnie z
algorytmem

e watki mogg miec priorytety

e dostep do wspdlnych zasobow sprzetowych wymaga
synchronizacji i zabezpieczenia

e wymiana informacji pomiedzy watkami wymaga
specjalnych struktur i funkgcji

e obstuga przerwan sprzetowych i przesytanie danych
wymaga zastosowania specjalnych funkgcji

2]
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Watki - zadania

Stan zadania

All tasks that are [\ Only one task |\,
not currently can be in the
Running are in the Running state at
Not Running state any one time
Running

Figure 9. Top level task states and transitions
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Watki - zadania

veid ATaskFunction( wveoid *pvParameters )

{

/* Variables can be declared just as per a normal function. Each instance of a task
created using this example function will have its own copy of the lVariableExample
variable. This would not be true if the wariable was declared static — in which case
only one copy of the variable would exist, and this copy would be shared by each
created instance of the task. (The prefixes added to variable names are described in
section 1.5, Data Types and Coding Style Guide.) */

int32 t lVariableExample = 0;

/* A task will normally be implemented as an infinite loocp. */
for( ;)
{
/* The code to implement the task functicnality will go here. */

}

/* Should the task implementation ever break out of the above loop, then the task
must be deleted before reaching the end of its implementing function. The NULL
parameter passed to the vTaskDelete () API function indicates that the task to be
deleted is the calling (this) task. The convention used to name AFPI functions is
described in section 0, Projects that use a FreeRT0S5 wversiocn older than V2.0.0
must build cne of the heap n.c files. From FreeRTOS V2.0.0 a heap n.c file is only
required if configSUPPORT DYNAMIC ALLOCATION is set to 1 in FreeRTOSConfig.h or if
configSUPPORT DYNAMIC ALLOCATION is left undefined. Refer to Chapter 2, Heap Memory
Management, for more information.
Data Types and Coding Style Guide. */
vTaskDelete ( NULL );
}
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Watki - zadania

vold vTaskl( void *pvParameters )

{

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

volatile uint32_t ul; /* wvolatile 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. */

) } void vTask2( void *pvParameters )
{
const char *pcTaskName = "Task 2 is running\r\n";
volatile uint32 t ul; /* velatile 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 LOOFP_COUNT; ul++ )

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

zrodto: Mastering the FreeRTOS Real Time Kernel - a Hands On Tutorial Guide ‘&E Politechnika Wroctawska




Watki - zadania

int main( wvoid )
{
/* 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. */
"Tagsk 1",/* Text name for the task. This is to facilitate
debugging only. */

1000, /* Stack depth - small microcontreollers 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. */
#TaskCreate( 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. */

for( ;; )=
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Watki - zadania

e C\WINDOWS\system32\cmd.exe - rtosdemo

C:~Temp*rtozdemo

Task iz running
Tazk is punning
Task iz running
Tazk is punning
Task iz running
lTask is running
Task iz running
iz running
iz running
iz running
iz running
iz running
iz running
iz running

Task
Task

Do bk Pt ke o ok P ke [T ok o) ke [) ek

Figure 10. The output produced when Example 1 is executed"
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Watki - zadania

At time t1, Task 1 At time t2 Task 2 enters the Running
enters the Running state and executes until time t3 - at
state and executes which point Task1 re-enters the
until time 2 Running state
| 7
'l.II I

4 /

Y A

!

t1 12 t3 Time

Figure 11. The actual execution pattern of the two Example 1 tasks
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Watki - zadania

Scheduler- planista

Kernel runs in tick
interrupt to select

. | Newly selected task runs when

the tick interrupt completes

-

nexttask
Tick AN "
interrupt
QCcurs
Kernel |
Task 1 (I
Task 2 Y
t3
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Wa,t ki - Z a d a n i a "/Not Running N

(super state)

Mozliwe stany zadania

Suspended

vTaskSuspend)
called

vTaskSuspend()
called

vTaskResume()
called

Event Blocking API

vTaskSuspend() function called

called

Blocked

\ %4

Figure 15. Full task state machine

N
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Priorytety

* mechanizm umozliwiajgcy przyznawanie wiecej czasu procesora dla
wybranego watku,

* mozliwosC wywtaszczenia, przerwania zadania przez inne zadanie, ktore
posiada wiekszy priorytet

* problem: ,zagtodzenia”
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Priorytety

Taskl priorytet: 1, Task2 priorytet: 2

/* Define the strings that will be passed in as the task parameters. These are
defined const and not on the stack to ensure they remain wvalid when the tasks are
executing. */

static const char *pcTextForTaskl "Task 1 is running\r\n";

static const char *pcTextForTask2 = "Task 2 is running\zr\n";

int main{ wvoid )

{

/* Create the first task at priority 1. The priority is the second to last
parameter. */
XTaskCreate( vTaskFunction, "Task 1", 1000, (veoid*)pcTextForTaskl, 1, NULL ) ;

/* Create the second task at priority 2, which is higher than a priority of 1.
The priority iz the second to last parameter. */

XTaskCreate( vTaskFuncticn, "Task 2", 1000, (veoid*)pcTextForTaskzZ, 2, NULL ) ;

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

/* Will not reach here. */
return 0;
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Priorytety

Taskl priorytet: 1, Task2 priorytet: 2

e C\WINDOWS \system32\cmd.exe - rtosdemo

running
running
running
running
running
running
running
running
running
running
PLLMN ]:.n o
UMM
running
running
running

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Figure 13. Running both tasks at different priorities
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Priorytety

Taskl priorytet: 1, Task2 priorytet: 2

_ The scheduler runs in the tick interrupt
Tick 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

Kernel e

Task 1

Task 2 e Y Yo
M © 3
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Priorytety

Funkcja vTaskDelay()

void vTaskFunction( wveoid *pvParameters )

{

char *pcTaskName;
const TickType t xDelay250ms = pdMS TO TICKS( 250 );

/* The string to print out is passed in via the parameter. Cast this to a
character pointer. */
pcTaskName = ( char * ) pvParameters;

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

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

vPrintsString( pcTaskName ) ;

/* Delay for a periocd. This time a call to vTaskDelay() is used which places
the task intec the Blocked state until the delay period has expired. The
parameter takes a time specified in ‘ticks’, and the pdMS TO TICKS() macro

is used (where the xDelay250ms constant is declared) to convert 250
milliseconds into an equivalent time in ticks. */

vTaskDelay( xDelay250ms ) ;
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Priorytety

Funkcja vTaskDelay()

et CYWINDOWS\system32\cmd.exe - rtosdemo

running
running
running
running
running
running
running
running
running
running
running
running
running
running
running
running

2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1

Figure 16. The output produced when Example 4 is executed
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Priorytety

Funkcja vTaskDelay()

4 - When the delay expires the scheduler moves the
2 - Task 1 prints out its string, then it tocnl\_\} tasks back into the ready state, where both execute

enters the Blocked state by calling again before once again calling vTaskDelay() causing
vTaskDelay(). them to re-enter the Blocked state. Task 2 executes
[ : first as it has the higher prioritg.f.

Task1 f \

Task 2
de
a

t1 |12 13 Time N\ fn
: <

\
1 - Task 2 has the highest prionty so runs first. It
prints out its string then calls vTaskDelay() - and in so 3 - At this point both application tasks are in ﬁ

doing enters the Blocked state, permitiing the lower the Blocked state - so the Idle task runs.
priority Task 1 to execute.

Figure 17. The execution sequence when the tasks use vTaskDelay() in place of the
NULL loop
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Problem synchronizacji

Shared
Resource

Mutex Serialize access to this shared resource
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Problem synchronizacji

Sekcja krytyczna — fragment kodu programu, w ktoérym korzysta sie z
zasobu dzielonego, a co za tym idzie, w danej chwili moze byc¢
wykorzystywany przez co najwyzej jeden watek. Systemy czasu
rzeczywistego posiadajg mechanizmy, ktore dbajg o synchronizacje. Jesli
wiecej watkow zgda wykonania kodu sekcji krytycznej, dopuszczany jest
tylko jeden watek, pozostate sg wstrzymywane. Dazy sie do tego, aby kod
sekcji krytycznej byt krotki — wykonywat sie szybko.

Przyktady sekcji krytycznej:
« zabezpieczenie dostepu do zasobow sprzetowych
« zabezpieczenie dostepu do zmiennych

Do zabezpieczania dostepu, synchronizacji wykorzystuje sie:
* mutexy, semafory

« kolejki danych

« dedykowane rozwigzania systemu czasu rzeczywistego

%
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The resource being

S e m a fo ry ek A guarded by the mutex
The mutex used to [ - y ’\

.-'

m Utexy G]SRB iggfrig,«g

guard the resource

'l/\l
e Mmutex Two tasks each want to access the resource, but a task is not permitted fo access the
. resource unless it is the mutex (token) holder.
« semafor binarny
Task A \\
xSemaphoreTake() ;___/\___;

\
| ] . /‘ \ Guarded |

Task B “\ < ]resmrcer;
Y, N
Task A attempts to take the mutex. Because the mutex is available Task A successfully
becomes the mutex holder so 1s permitted fo access the resource.

Task A \
AN

. / \ Guarded “’!
| \\ / resource \
Task B x - -
e ) |

LN

Task B executes and attempts to take the same mutex. Task A still has the mutex so the
attempt fails and Task B is not permitted to access the guarded resource.

)

xSemaphoreTake()

£
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Semafory
mutexy

* mutex

* semafor binarny

Task A
xSemaphoreGive() _/\L_-?
\ Guarded |

/ resource X

'L/\J

Task B opts to enter the Blocked state to wait for the mutex - allowing Task A to run again.
Task A finishes with the resource so ‘gives’ the mutex back.

Task A _/\

” Guarded |
Task B 4 :E‘mume \
xSemathreTake[ | V/\J

Task A giving the mutex back causes Tasl{ B fo exit the Blocked state (the mutex is now
available). Task B can now successfully obtain the mutex, and having done so is permitted fo
access the resource.

Task A

- N\

) Guarded “’
z resource >
Task B j

'l r-
xSemaphoreGive()

N

When Task B finishes accessing the resource it too gives the mutex back. The mutex is now
once again available to both tasks.

i)
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Semafory, mutexy

Jakie jest zagrozenie przy stosowaniu mutexow, semaforow
binarnych?
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Semafory, mutexy

* semafor binarny

* przerwania

Przyktad:
e zdarzenie otwarcia drzwi

[

The semaphore is not
available...
...s0 the task is blocked
waiting for the semaphore

Interrupt!
xSemaphoreGiveFromISR()

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

Interrupt!
xSemaphoreGiveFromISR()

ask

xSemaphoreTake()

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

ask

xSemaphoreTake()

...that now successfully
‘takes’ the semaphore, so it
is unavailable once more.
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Semafory, mutexy

* semafor binarny

Y p rze rwa N |a 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 fo
wait to be unblocked
ISR - again by the next
- interrupt.
Task2 X
(deferred processing task) > —
Task1 m—) —

T-Whentheinterrupt [N w13 wu
occurs, Task1 is Running,

and Task2 is Blocked

waiting for a semaphore.

Figure 49. Using a binary semaphore to implement deferred interrupt processing
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[The semaphore count is 0]

Semafory, mutexy _—

Interruptl [The semaphore count is 1]

xSemaphoreGiveFromISR()

An interrupt occurs._that
‘gives’ the semaphore._._.

e semafor liczacy

Task

xSemaphoreTake()

Interruptl! [The semaphore count is 1]

[ ] p rze rwa n i a xSemaphoreGiveFromISR()

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

Task

[The semaphore count is 0]
LI T 1T 7 vProcessEvent()

_that now successfully ‘takes’ the
semaphore, so it is unavailable once more.
The task now starts to process the event.

Task

vProcessEvent()

nterruptl [The semaphore count is 2]
xSemaphoreGiveFromISR()

[ ]
PrZ kfad Another two int it hile the task is still
y [ nother two interrupts occur while the task is sti The task is sfil processing

processing the first event. Both ISRs 'give' the semapnore, the first t
effectively latching both events, so neither event is lost. € first event.

e baloniki

Jask

xSemaphoreTake()

[The semaphore countis 1

When the task has finished processing the first event it calls xSemaphoreTake()
again. Another two semaphores are already ‘available’, one is taken without the task
ever entering the Blocked state, leaving one ‘latched” semaphore still available.

Figure 55. Using a counting semaphore to ‘count’ events

N
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Kolejki

A co zrobic jak chcemy dzieli¢ dane pomiedzy watkami?
Klasyczny problem producenta-konsumenta

typedef struct
{
Il t eDatalD:
int32 t lDataValue;

CAN bus
Task

] L2, =g -
W giam=10l g,
[} .-"-.J. = .
=1
f "l Cusue
Another Task - ] Controller
. Py e =Ta
. ') -
= 82 - =2
o ke - ,Lu_

Figure 34. An example scenario where structures are sent on a queue
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A gueue is created to allow Task A and Task B to communicate. The queue can hold a maximum of 5
integers. When the queue is created it does not contain any values so is empty.

Task A Task B
Queue

int x; L I JL JL J[0o] int y;

= 10; - Send T

Task A writes (sends) the value of a local variable to the back of the queue. As the queue was previously
empty the value written is now the only item in the queue, and is therefore both the value at the back of the

Kolejka FIFO
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queue and the value at the front of the queue.

Task A

int x;

RQueue
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Send
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Task A changes the value of its local variable before writing it to the queue again. The queue now
contains copies of both values written to the queue. The first value written remains at the front of the
queue, the new value is inserted at the end of the queue. The queue has three empty spaces remaining.
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int y;

Task A

RQueue

[[20 ][ 10]

Receive

Task B

int y;

A
\c.’}':}ﬁ equals 10

Task B reads (receives) from the queue into a different variable. The value received by Task B is the
value from the head of the queue, which is the first value Task A wrote to the queue (10 in this illustration).|

Task A

Task

int

B
Vi
now egquals 10

Task B has removed one item, leaving only the second value written by Task A remaining in the queue.
This is the value Task B would receive next if it read from the queue again. The queue now has four

empty spaces remaining.
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/* Define an enumerated type used to identify the source of the data. */
typedef enum

° ° {
eSenderl,
O e I eSender2
} DatasSource_t;

/* Define the structure type that will be passed on the queue. */
typedef struct
{
uint8_t ucValue;
DataSource_t eDataSource;
} Data_t;

/* Declare two variables of type Data_t that will be passed on the queue.
static const Data_t xStructsToSend[ 2 ] =

static void vSenderTask( veoid *pvParameters ) {

{ { 100, eSenderl }, /* Used by Senderl. */

* *
BaseType t xStatus; { 200, eSender2 } /* Used by Sender2. */

const TickType_ t XTicksToWait = pdMS _TO TICKS( 100 ); &

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

/* Send to the queue.

The second parameter is the address of the structure being sent. The
address is passed in as the task parameter so pvParameters is used
directly.

The third parameter is the Block time - the time the task should be kept
in the Blocked state to wait for space to become available on the queue
if the queue is already full. A block time is specified because the
sending tasks have a higher priority than the receiving task so the queue
is expected to become full. The receiving task will remove items from
the queue when both sending tasks are in the Blocked state. */

xStatus = xQueueSendToBack( xQueue, pvParameters, xTicksToWait ) ;

if( xsStatus != pdPASS )

{
/* The send operation could not complete, even after waiting for 100ms.
This must be an error as the receiving task should make space in the
queue as soon as both sending tasks are in the Blocked state. */
vPrintsString( "Could not send to the queue.\r\n" );
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/* Declare the structure that will hold the values received from the queue. */
Data_t xReceivedStructure;
BaseType t xStatus;

I<( | OI<:- static void vReceiverTask( veoid *pvParameters )
olejki:

/* This task is also defined within an infinite loop. */
for( :; )
{

XStatus = xQueueReceive( xQueue, &xReceivedStructure, 0 );

if( xStatus == pdPASS )

{
/* Data was successfully received from the queue, print out the received
value and the source of the value. */

if( xReceivedStructure.eDataSource == eSenderl )
{
vPrintstringAndNumber ( "From Sender 1 = ", xRecelvedStructure.ucvValue ) ;
}
else
{
vPrintStringAndNumber( "From Sender 2 = ", xReceivedStructure.ucValue );
}
}
else

{
/* Nothing was received from the queue. This must be an error as this
task should only run when the queue is full. */
vPrintString( "Could not receive from the queue.\r\n" );
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int main( woid )

{

/* The queue is created to hold a maximum of 3 structures of type Data_t. */
XQueue = XQueueCreate( 3, sizecf( Data_t ) )

if( xQueue != NULL )

{
/* Create two instances of the task that will write to the queue. The
parameter is used to pass the structure that the task will write to the
queue, so one task will continucusly send xStructsToSend[ 0 ] to the queue

while the other task will continuously send xStructsToSend[ 1 ]. Both

tasks are created at priority 2, which is above the priority of the receiver. */
®TaskCreate ( vSenderTask, "Senderl", 1000, &( xStructsTeSend[ 0 ] ), 2, NULL ) ;
xTaskCreate( vSenderTask, "Sender2", 1000, &( xStructsToSend[ 1 ] ), 2, NULL ) ;

/* Create the task that will read from the gqueue. The task is created with
priority 1, so below the priority of the sender tasks. */
xTaskCreate( vReceiverTask, "Receiver", 1000, NULL, 1, NULL )

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

}

else

{

/* The queue could not be created. */

}

J* 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 awvailable for the idle task te be created.
Chapter 2 provides more information on heap memory management. */

for( ;; ).

‘% Politechnika Wroctawska




Kolejki

The output produced by Example 11 is shown in Figure 35.

[ow] G\ Windows\system32\cmd.exe
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Figure 35 The output produced by Example 11
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1 - The Receiver task runs first because it has the T The Recsve ok =T
highest priority. It attempts to read from the queue. The | | 2=~ e%gﬁgeélgghegmsﬂg ;’ig”‘?r‘;ﬁs
queue is empty so the Receiver enters the Blocked state | | again.

to wait for data to become available. Sender 2 runs after &”‘;Ehsegnder 1 runs after the Receiver has

the Receiver has blocked.
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2 - Sender 2 writes to the queue, causing the [\, _
4 - Sender 1 writes to the queue, causing ﬁ

Receiver to exit the Blocked state. The
Receiver has the highest priority so pre-empts
Sender 2.

the Receiver to exit the Blocked state and
pre-empt Sender 1 - and so it goeson

Figure 33. The sequence of execution produced by Example 10
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Jaki wybra¢ mechanizm jak chcemy dzieli¢ pomiedzy watkami
tylko aktualng danga?

Scenariusz:

1. watek pomiarowy — mierzy napiecie na przetworniku ADC

2. watek sterujgcy — na podstawie zmierzonego napiecia
ustawia wyjscie sterujgca w odpowiednim stanie

3. watek logujacy — co 1 sekunde odczytuje stan napiecia i
zapisuje informacje o jego wartosci na karcie SD

4. watek komunikacyjny — wysyta aktualne napiecie po UART

2]
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Kolejka jednoelementowa — ,, mailbox”

/* A mailbox can hold a fixed size data item. The size of the data item is set

when the mailbox (queue) is created. In this example the mailbox is created to

hold an Example t structure. Example t includes a time stamp to allow the data held
in the mailbox to ncote the time at which the mailbox was last updated. The time
stamp used in this example is for demonstration purposes only - a mailbox can hold
any data the application writer wants, and the data does not need to include a time
stamp. */

typedef struct xExampleStructure

{
TickType_t xTimeStamp;

uint32_t ulvValue;
} Example t;

/* A mailbox is a queue, so its handle is stored in a variable of type
QueueHandle t. */
QueueHandle_t xMailbox;

void vAFunction( wvoid )

{
/* Create the queue that is geoing to be used as a mailbox. The queue has a
length of 1 to allow it to be used with the xQueueOverwrite() API function, which
is described below. */
xMailbox = xQueueCreate( 1, sizeof( Example t ) );
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Kolejka jednoelementowa — ,, mailbox”

vold vUpdateMailbox ( uintBE_t nlNewValue )
{

[* Example t was defined in Listing 67. * /
Example t xData;

/* Write the new data into the Examplg_t structure.*/
¥xData.ulValue = ulNewValue;

/* Use the RTOS tick count as the time stamp stored in the Example t structure. */
xData.xTimeStamp = xTaskGetTickCount() ;

/* Send the structure to the mailbox - overwriting any data that is already in the
mailbox. */

xpneneldverwrite ( xMailbox, &xData )

stosujemy xQueueOverwrite() a nie xQueueSendToBack()
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Kolejka jednoelementowa — ,, mailbox”

BaseType_t vReadMailbox( Example_t *pxData )
{

TickType t xXPreviousTimeStamp;

BaseType_t xDataUpdated;

/* This function updates an Example t structure with the latest value received
from the mailbox. Record the time stamp already contained in *pxData before it
gets overwritten by the new data. */

XPreviocusTimeStamp = pxData->xTimeStamp;

/* Update the Example t structure pointed to by pxData with the data contained in
the mailbox. If xQueusReceive() was used here then the mailbox would be left
empty, and the data could not then be read by any other tasks. Using
®¥QueuePeek () instead of xQueueReceiwve() ensures the data remains in the mailbox.
A block time is specified, so the calling task will be placed in the Blocked
state to wait for the mailbox to contain data should the mailbox be empty. An
infinite block time is used, so it is not necessary to check the wvalue returned
from xQueuePeek (), as xQueuePeek() will only return when data is available. */
XQueuePeek ( xMailbox, pxData, portMAX DELRY ).

/* Return pdTRUE if the value read from the mailbox has been updated since this
function was last called. Otherwise return pdFALSE. */
if( pxData->xTimeStamp > xPreviousTimeStamp )
{
xDataUpdated

pdTRUE ;
}

else

{

xDataUpdated pdFALSE;

}

return xDataUpdated;

) stosujemy xQueuePeek() a nie xQueueReceive()
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Podsumowanie

Zalety

e Stosowanie mechanizmoéw systemow czasu rzeczywistego ufatwia pisanie
wiekszych programow.

e Umozliwia tatwe wydzieleni czesci programu i przekazanie go roznym programistg
do implementacji, tatwiejsza praca zespotowa.

* Przez podziat na moduty program tatwiej rozwijac i testowac.

Wady:

e Wymaga wiekszych zasobow sprzetowych.

e Wymaga poznania architektury wykorzystywanego systemu i jego funkc;ji.

e Komplikuje proces wymiany danych pomiedzy zadaniami przez koniecznos¢ uzycia
odpowiednich struktur i funkgcji

e Dzielenie zasobdéw sprzetowych nalezy realizowac z wykorzystaniem sekgji
krytycznych — koniecznos¢ stosowanie dodatkowych mechanizmow.
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