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1.1 #%

[ s P2 T 4 FH FreeRTOS WARHS 1) 52 F 45 ]
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ASCF UL G KA B o
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ZAES5 MBS ERDFIE AN o (S I fi N 2R G0 Fh AN [ S i H Jlo———5 931
T R AR GRS I SN A7 D (R I
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£ FreeRTOS ™, HBENPATERRH AR A MES" s AN AL, X HIFRA —
MRSV, EIREERAMES AR LA, BT 2Rk E, LfEAf
B2 R 5 X

AREE R H B2 b 3eE o 1
o ENHFEFH, FreeRTOS Wi g #5-AT 4% 3 FL AL LN [A] o
o EAFELENZ], FreeRTOS WXL AT HNIBAT
o (SRS UL RGATH o
o fESSAFAEMBEEIRES

U/ PSS GRSV AU A mp ey
o WIS —AMMES
o W BIAE A B AT 1S
o WAL LSS AL
o WM AR —AN AT LS 2
o WTIHERATSS o
o W SEHLEYIPEALEE
o EWAESSTINIETT, ATBLHR T4

AT A BN & S BRI 1 ] FreeRTOS (L6, W 2L T FreeRTOS
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1.2 {EE R

FES5 I C B 5 BN o ME— 5 R U AR 55 M ek Al 8, a2tk 1] void,
i Hali 1 —4 void 155t 2 8. Hp M2 IR R 1.

void ATaskFunction( void *pvParameters ) ;

BRFER 1 ESRHURE

REAMESSHOZAE A CBRVE N 11— M. HEARFPA L, SlsfTHE—
ANFEPEIA T, AR . — DI LS5 S5 M R FPIE 5 2 T

FreeRTOS 1F 55 AN o ¥F LUAE ] Jy 20 A\ S 8L ol B0 iR (o] ——"E 11 4B AN e —
Frreturn"ifif), WABRPATRIRECKE .. WER—MES AT E, w] DU R SO
B X AERERPE A 2 eI

—MESS SRR DL R G T AME 55— QI W A 55 B R BT A T 540 9
)& T ARz m, ST H O B E (AR D), BES sREOR 5 e AR

void ATaskFunction( void *pvParameters )

{

/*nu%ﬁmmw FEE A . HIXA R BB (A M5 5L B — AN E T H 2 fivarialbleExample®
. (HUIivariableExample#i i X Hstatic, X—MAREAL - KRG T RAFE—AN A5, B T4 5L

M%%#%zﬁli */

int ivVariableExample = 0;

/% AT SEIAE— AN SRR . *+/
for( ;; )

{
/* SEBATS IREMRRIA AR T, */

/* WIRAT S AR SZIL 2 B T ZEAEIR, ML AE 45 A0 AE PR BUEAT 58 Z T IHBR o A% ANULLZ B R~ IR
M M AT RS */
vTaskDelete( NULL ) ;

BEFFER 2 ARRES RS
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1.3 THREFRE

R HRER o] A& 2 AT o WsRIa AT W I RE R (0 s il s AT — % (core), TR
SRS N ), Sifr ERSAT — MEFRIAT . IKAERE —MESS T Ak
PIARAS, R IRES AR ARG o BAT1I6H RE X e fi] #L (1 AR A ——(HE X I
JoE TR, BATHE S E BRSPS bs BRI A5 T4 T IRE .

ARAMES AT IS, ARSI EAE AT E AR . B MES AT AR
I, ZAESHEATIRIR, BRI AARESHBCZ E OjAr, DUEAE T — s e ik g it
IBATAS I Al KR AT o« SRS IKE AT, FEROR 3t A THE AT I IEAE R AT IR
W F AR TTURIAT -

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

Not Running Running

B 1 TBERESREEREES

£ 55 AR IB AT 8 3 B 238 4T & P FR A " U1 e A 8P A (switched in)” 8742 4 A
(swapped in)". F5, AF55 NBAT AR BHEIB AT SRR AU tH 5] H (switched
out)" 5" A5 e i (swapped out)”. FreeRTOS 111 42 & A 11T U ) H (M — 524k
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1.4 QIEE%

xTaskCreate() API &%

QAT 2514 H FreeRTOS [1) API ik xTaskCreate(). iX il f& & JT 17 API R4 B
SRR (AR IR KR AR — BB AP BRI AR FRAT T2 S AT 55
KU e 2 AE S5 RG T B A A A A o A i I A s )R 2 H 2
xTaskCreate(), Frl&A KEME]1 TS,

Brfsr 5. 4 3A HY 2 A R AR A i 4 2400

POortBASE TYPE xTaskCreate( pdTASK CODE pvTaskCode,
const signed portCHAR * const pcName,
unsigned portSHORT usStackDepth,
void *pvParameters,
unsigned portBASE TYPE uxPriority,
xTaskHandle *pxCreatedTask );

FEFiEH 3 xTaskCreate() APl E¥URE

# 1 xTaskCreate()Z % 5% 74

S 4 Eiiipa
pvTaskCode fE55 HUEKAR N C %, SEIUF I E 2 — DN . S5
pvTaskCode H—NEa4E 55 1) S B ek B 48 5T (ROR BN E pR 2L
%)
pcName HA RGBS o RNSEA Y FreeRTOS i . HHZH
afi TR SR — AN AT ATk 1 44 e i A R
PONETZ

I R ) LUE R 5 X & config. MAX_TASK_NAME_LEN XK€
NATSs 44 M KK JE—— B FE\O &5 R o W AL N 245 B K
o TR K, AT A BT .
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usStackDepth

pvParameters

uxPriority

FreeRTOS

MUATS BN, WAZ 2 AT B8 TAE45 H AR E—IR A
usStackDepth {ELH T~ &V W% B 40 il 2 K IER T8

XAME G 5E B # A [7)0] LUR A7 2 DA - (word), Tl AN g 2 DA
T (byte). olnid, it 32 A7 vE AR H], £ AT usStackDepth
{2 100, T 253 L 400 7715 ¥ K ¥ [ (100 * 4bytes) . ARIA T
DARR 55 B2 IR 45 S T T AN — A size_t JRHYAR 8 T g R IA IR B K
(£

I R R 5 X & configMINIMAL_STACK_SIZE Sk kiE 245N
FESAT IR A T K/ o #E FreeRTOS iy i il s 2 42 4L 11
Demo N AR, W i fat R X T A AT 45 1 e /N S DA
U RAR AT 25 S5 A FH R AR A i), IS4 AR B 27— B K IR

BEATAEA (&7 HL R R AT Ao —AME 55 B H 2 2 RIHE W), 7
SR B ATRER, ERZHH ) 2 ¥ — WA G
HE, RIGHMH] FreeRTOS $i Bt P A e 23 e ) 25 TR E AN X
PABANR Y . NS T LE R, AT BURIE W & B AR S5l
T Z bt

{145 s $ie % — A8 1) void 145 %] (void*). pvParameters [1)4E Rl
SEARIB BT SS  IME . IR SO T S8 R e R Te X AN S
oo LLanr A

FREAES AT G DA G HE ) DL A 56 4% 0 2]
B it st 2% (configMAX_PRIORITIES — 1),

configMAX_PRIORITIES J& —ANHH J o IWHE . LAegs 15
A7 BRI T 52 BT R R B 2R R R Ge KA AN A7 7)), A
G P S o i 2 1) o /N BB LA S AR Bl o 2R uxPriority: RO
#8357 (configMAX_PRIORITIES — 1), ##4: SEUSZBRIR S AT 55 A
Se i B BB TR I KA
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pxCreatedTask

AR [HEL

B 1. BIEES

pxCreatedTask H T-& HAF45 A . XA AR API I H oot
ZANE R AT AT SR, el AT e g, s IBRAT 45

WU N IR R i AN Fl BIXAME S5 7). ) pxCreatedTask AJ LA
#1528 NULL.

A WA AT RE IR [PE -

1. pdTRUE

LRSS0 s .

2. errCOULD_NOT_ALLOCATE_REQUIRED_MEMORY

T WAFHER I AL, FreeRTOS Joikisr e i 1) 2% (B R R A7 AT 55
R EHE RS H, IR AR SS

O FCR RO 2 WA E BT (R

Bfsk 1. QL8 BilRE R s C R

AR T QU IF R SPTAME 5 (100 EE0 R o IXPHAMESS U I s T B A
FrEs, SR sR i S a8 07 2O AR I IEIR . W AEQIE 3R E T ARSI
HAESCHL LR (10775 3 4058 4 HE—— R IR B 4 AIRR PR B 5 S IX M550 [

FRISEHLAAS .
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void vTaskl( void *pvParameters )

{

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

volatile unsigned long ul;

J*x RIKERATS R, SATLAT A JERERT . */

for( ;; )

{
/* Print out the name of this task. */
vPrintString( pcTaskName ) ;
/* JEIR, PAPAE—ANE */
for( ul = 0; ul < mainDELAY LOOP_ COUNT; ul++ )
{
/% AT IRSFIGHIEIR ST e AR P AUEAT S0 o 5 10 A s L R
delay/sleeprREHUFXA UL B, */
}
}

RRFERA G M —MES LIRG

void vTask2( void *pvParameters )

{

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

volatile unsigned long ul;

/* MRZEAES—FE, ZEFLT DS */

for( ;; )

{
/* Print out the name of this task. */
vPrintString( pcTaskName ) ;
/* SEIR, VAP */
for( ul = 0; ul < mainDELAY LOOP COUNT; ul++ )
{
/* EAFEA R IR R EIR SET 50 PRI TABUE TR o 5 I A s BIRERER
delay/sleeprRi HRHXAHIATEIA.  */
}
}

ERESES ] 1 S AMES THRE
main() B8 HU 2 T PR G R IX P AMT S, AR5 A sl B 2 —— FLAARSZ AR S 2 LR
FIEHR 6,
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int main( void )

{
/% QIR —AMT S o TS0 A /92 P B R o B 24Kl 6 e TaskCreatee () FUIRIAIE, DL (AT
SR ). */
xTaskCreate ( vTaskl, /* FRIES B FRE */
"Task 1%, /* (ESMICALT, RS HE «/
1000, /* ARIREE - KZHUNEE Sl ST ES ki ME 2 +/
NULL, /* WHALSSH «/
1, /* WATS BTt «/
NULL ) ; /* ANEHEULE AR */
/* Create the other task in exactly the same way and at the same priority. */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 1, NULL );
/* JABMESS, ARSIFEPAT */
vTaskStartScheduler() ;
/* WER—PIER, mainQBEEAN ZESPAT R . (Ha RHATRIX L, IRl e WAEHE S A L T BTN
5T A YRR TE 2 00T WS BT E R *~/
for( ;; );
}
BRER 6 Baf 1 PRES
A I AT i B 2 s
¢ C\WINDOWS\system32\cmd.exe - rtosdemo
iz \Temp)l to°demo
Tazk 1
2
i
2
i
2
i
2
i
2
1
!
E 2 #l 1 fiEArim
& 2 5 B AMESAE RN IS AT, (HS2FR EXAMESSIBAT R R — AN b BEEs |, B
AAT] Re2s [FINEAT . 58 RIX AT S5 # G Lk N IR AT . T IX M MESS

IBATER—ANb B, FrCA e P aE L A B 2SI ]
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Bl 3 AT S & s L BIAIIEATIN Z . RO 2 B R AR BRI TA) 5L OE
FEIBAT TS ——LEan 11 5 12 Z AIsAT TS 1.

FEARATIN Z T BEAT — MESTAE TiatT3s . Pl MEFHNBITEEWVIN), 5
—MEF M EHEANARIBITEWIH).

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

1 t2 t3 Time

B3 41K RATIRE

B 1, main() e BorE A 3 I LS 2 BTG SE O AMEST BT . R T AN —A
fE45 P ) —AMT S o AT LLJEHE main()F AT SS 1, SRS AEES 1 AT 5%
2. WORBATHLOXFEAM, WAESS 1 AN S B SUSREFE B 7 s k1. 1XH
FE LSRR B2, 55 2 38 AT I, (H2 B RE P AT It 45 RO 2 AR R 1
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void vTaskl( void *pvParameters )

{

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

volatile unsigned long ul;

/% WRCEPATEIAMT L AUS, RUTRIERS OS50, EEAIEIHR 2 arald s — M4 */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 1, NULL );

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. */

}

BFPER T E—MEFTRIRA—MES — EREREINZE

Bl 2. HRESSH

Bl 1 QR AME S5 LT 58 A AR TR, ME— DX R AT BV A R IR R
S T DA ) ) — AN S5 AR IR P AN S84 2 Bk o I I 552 0t vT AR kA 3 2%
FLFT B 10 4

FEFFEH 8 W T4 2 W H B HIME——AME45 R B (vTaskFunction) . 1X—4
RS BB T 1 PP AMESS s B (vTaskl 5 vTask2). 3XAN B BRI 45 2 Ho ot
HlHA A char* LA BT 5% 75 24T BVt IR 4 o
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void vTaskFunction( void *pvParameters )

{

char *pcTaskName;

volatile unsigned long ul;

/* T EHTEVE P B M O S HR N sl Oy AR . */

pcTaskName = ( char * ) pvParameters;

/* 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 exercises will replace this crude
loop with a proper delay/sleep function. */

}

EFER 8 B 2 P T RIBMAMES KB HIES R #

RUEBUAE R — M5 SR (vTaskFunction), {H 2 a] BLAIEE 2 ANMT 45 52491
AMESS S # 0] LLLE FreeRTOS R i 28 194255 M iz AT

fEid2y API E%i xTaskCreate() (11251 pvPrameters Al T8 N7 SR, WfR P
THE# 9 TR,
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/* B SCHEIBAT S S HULR I 745 . 8 X hconst, HAEAERKAN L, DURIEATSHAT B AT 2%
static const char *pcTextForTaskl = “Task 1 is running\r\n’;

“Task 2 is running\t\n’;

static const char *pcTextForTask2

int main( void )

{

/* Create one of the two tasks. */

xTaskCreate( vTaskFunction, /* FRIATSSRAAREE . */
"Task 1", VARG Z Y
1000, /* BOREE. */
(void*)pcTextForTaskl, /* iIilAT55Z 4l Nili 4T EI A SCA . */
1, /* WAL s ATk b +/
NULL ) ; /* DS EIAT S A . */

*/

/* RFERTIRBIRE S — MESS . ik, BAHRMAES 0 (vTaskFunction) B T 2 MES, XOUZEA

MSEAR . F—AMMESEIE T AR */

xTaskCreate( vTaskFunction, "Task 2", 1000, (void*)pcTextForTask2, 1, NULL );

/* Start the scheduler so our 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 5 provides more information on memory management. */

for( ;; )i

}
BRAER 9 #l 2 Y main() R ESEIARRS
B 2 izl 2 R 58 12—, Z 0K 2.
FreeRTOS

Designed For Microcontrollers;
© 2009 Richard Barry. Distribution or publication in any form is strictly prohibited.

16



http://www.FreeRTOS.org

1.5 fEEEH

xTaskCreate() AP1 &% 1¥1Z 41 uxPriority J B AT T T — MR L . 1X
AN ST LAAE TR S 8% 3 81 5 i F vTaskPrioritySet() AP B 50T 15 25

N R R fE X FreeRTOSConfig.h ' ¥ & M % & W id & % =
configMAX_PRIORITIES 1, HE&HZ T BAKMNEHEH . FreeRTOS A& Ik
A7 R I AN W (R B AR, AR AMEBCR, W AR AR (1 A5 Tl 22 o i LR 2
ORI 5 1k BB A% 380 (1 55 /ML

ST AT S5 P R Ae g, FreeRTOS JFEAT S NAT ] PR o (TR BRI 45 0]
DAL R — AR —— DRIE s K B 3k . 94K, W@ EEMIG, ARty LU REA
1454 e ME— D56 G Gt ) 6 8 SRV ) R —H)  HXAS & i K 1

AR e 5 RS I SERAR, Theds 0 RRBARR A A RN A H 50
[ M\ 0 #|(configMAX_PRIORITES — 1).

L 38 ORUE RURALE T n IS AT AT 55 Ok P AT B s AT 55, SR Nz
T WARBE P MRER ERAAIE—AMES, MRS LR ST KA RIAT . X Fh
A7 77 AEZ A0 1)1 T LA S ok o PN IIRRAT 45 B e e Rl — M se g b, O
H—ERWIBITI. I AR HRAT I8 5, AR5 LR ) i ah i) 28k Nis
T2, AR S5 R 20 SOR AT 45 B 3t 5 12 Z I Bet S T— N ) s

TR RE N —NBAT RS, TR BERS T ZEAEREAN I 8]y (25 o 232 AT B O
G o —AFRALBk(tick, A SeHh T B R IR A, AR A I i k)
JEV AT R T T o BT R AR R T ek ok P BB R AR A T 1, Lok R AR E
FreeRTOSConfig.h )4 B I & & configTICK_RATE_HZ JHTHECE . Ebanit,
W configTICK_RATE_HZ #% 100(HZ), Wi a) /K4 10ms. A LUK B 3 3E4T
PIE, KU LA AR B AT I (R AR AN AT A A K . 152 WL 4.

i L YL 2, FreeRTOS API e Eif HI Hh i & IR IR)E LU LBk Ik 4 B GE
W R A OBk ticks™) . R port TICK_RATE_MS FH - TK5 LL/C Bk Ay BAAT 1) I 1) (i 4,
Oy CAEERD Ay A (Y T o A RORE FEAR I T RG0SR

OBk (tick count)(E &R IR IR BERS R 2T 4R, OBk Wt S8, IFHEsE LBk
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TS AN SR o F P P AR 08 A 3E JA S IS AN 06 2% R8Ok U1 B0 H 1) R, DRI Ay I )
BUMEAE AR REAT A B

Kernel runs in tick
interrupt to select

next task
interrupt Newly selected task runs when
occurs " | the tick interrupt completes
Kernel
Task 1
Task 2

1 2 t3

B4 ST R LB DBk AT
B 4 ha ik BRI WAZ AR S AEIEAT o BTSRRI S5 BT, TR —
AMESS AT I o

Bl 3. AL ER

P & R AE P T IR S5, B R RAT B IR IESS, I EHENIZAT
B H A A LR BIRE R, M S A A R AL 2 o i LUK AN 55 e 7 it
AFRHIEATS . AR 2 Foh—AMESS e, & MERS AL A. B
TR MES QA 1 b, sy MES BRI 2 L. SIdEX AT
S WREFFE B 100 IXPAMESS IS OLR BB AR sl el e R A A
IR SYIPEFT B A A S
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/* B SCHEBRAT S S HULR I 745 . 8 X Hconst, HEAEAEMKZN L, DI TSPATIRBA R,  */
static const char *pcTextForTaskl = “Task 1 is running\r\n’;

static const char *pcTextForTask2 = “Task 2 is running\t\n’;

int main( void )

{
/* BT b LY BIECE A */
xTaskCreate( vTaskFunction, "Task 1", 1000, (void*)pcTextForTaskl, 1, NULL );
/* B OEEER 2 e x/
xTaskCreate ( vTaskFunction, "Task 2", 1000, (void*)pcTextForTask2, 2, NULL );
/* Start the scheduler so the tasks start executing. */
vTaskStartScheduler () ;
return 0;

}

BFER 10 FMEFRIBEARFMRLH

& 5 &6 3 HisfT 4.

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

] \Temp)ltogdemo
sunning
sunning

running
running

SN :i.n q

running
sunning
running
running
is running

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

B 5 PMURESBITENRKMRES L

i T e S 1L #E HAT B s e I AT IS AT AR 55k AT . 1255 2 IR HfT4s 1
i JFHEGEWsTT, B ESS 2 ME——A— B TIsir ST . iR 1 An]EE
BENIZATAS, BB ATRes 745 o XIS OLIRAIRRONAESS 1 (AT I TRl A 55 2
At (starved)” T .

f£55 2 Z AR e sy, BN AT F G
¥, BLAAEZSmATEI AT H

FreeRTOS 19
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& 6 el 11 3 HIPAT LA o

. 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
Kernel 4

1 2 t3

K6 H—AMEFMELR MR RIITHRE

FreeRTOS
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1.6 ¥ 78 “disfras”

2 H AT A BT B 7 il G I AR T 55 A0 L BIAN S A B RS T3
A AT F7 B —— W T A AT Z 8 P LS S e s T . EFAN
{5 A BRI (AL 55 BRI T HAT FE I, DO eI w] B p B AE SR 2 b e
AT eI e g b, A eI AR I 55K 7K I BeAT AT OB o

N T AEBATTAE S5 DI 5AT L, A 7 Bl S p 7 AORBEAT HAF KBl . — A FIK
RS R G R A SRl TAR (IR PE), e S A B AN RERE N IB AT 2R 1 .
R s R IE R AT BE R NS AT A AR 55 h BAT B LB AL 55 . — it e A
ABERGIEAT AR 55 RGN g, AR LSy — M Se 2 B AR B RE W i2
ITIAESS o AL, RS A IR EI AT 55 173 SO E AR 55 ol LA B AR V2 A R AL SE 2%
£, IF e A S5 AT R S AL S5

FHZERTS

W AMES IEE ARG, PR ANMESS 40 TP 7E 45 (blocked)”. BHZEA 2
FEBITER D TRE

E55 7 LLRE N BHZE A LS4y DL R AS [ SR AL g A

1. EI (N TAVAR SQ) FA—— X R ] DL S 38 S ] s 400 I ) 31 i e
VAT S5 ) LLIE N FHZE S DASEIR 10ms.

2. [ ——U T e RS st Wi o bean e, KA w LARE NP 2E
SUEERF I s R [F2D AR T T A R A B 2R

FreeRTOS IFEAFI, —fHfF 5=, 145 5%, H/¥{5 5 & (recursive semaphore,
AT, AR B FAE TR, RO R T S Ry 0] AR A AT
PAHISRSEILIR D Fid . B8 R RI8 = Rl ot 1 A I EB I TR N 2%

155 T DAAERE N B ZE 24 DAAEAG [F] 20 S A I 18 18 — NS5 AR I I 8], S T LAT 250
S FEARA T I SR PR IS AL o Lhnid, JEMT45 T LZE AR A S A s 2
K, (B2 HAE 10ms. WISk 10ms WA EdE 2K, B2 10ms i 2 17 I B0A 2l 212K,
PG O N AT 55 #OR IR HHBHZEAS
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“Hidd (suspended)’th 2B ITIREM FIRE . T HADIRS AT XA EAR T S
SEANAT LR o AR AMESSRE AR I ME— FMEA UL H] vTaskSuspend() API R %4 ;
A8 — A H R R S 1 AF 55 e BE Y M — & 12 st 2 W vTaskResume() B4
vTaskResumeFromISR() API PR, K2 BN L #AN 2 F 2 HE R

WMRATSS AL TARSATIRES , HEEEA FHLEE MR A ok, WIXAMT S5 4L T3 44 (ready
HER B 4IRS . ATt S LS5 e e tT, (HELE kG (ready) igqT, 1M =i
FARIE1T .

TEAREEBE
B 7 ¢ 2 HARAN L R RS B AT T 9778, A TR R RS TR 1
W HHTA LB F 2010 7= R 7 v G (K4 55 #3087 H 21 FLZE RS A EEIIR S
MOCRAE ARSI PR Z I ——B 7 UL 2B TR H 327
/ N\

| Not Running
(super state) —

4 N\

[ \

Suspended }1\
\ / \

vTaskSuspend() VTaSksUSpEnd[:l
called called
vTaskResume()
called
Event Blocking API

TaskS d
! ascaﬁzgen 0 /function called
\ Blocked }4/

\ /

o J/

B 7 EERESREHL
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Bl 4. FIFFHERSEIER

I b A B (AR 25 R 2 F PR R —— & AT 38— RN ), T B
AR, TR, Wtk A iR AR 1 AR R AR R VA AR 2 SR A T IR ER
AN S AT T I — AP U BOE vk BN e A ) 3 AR T X R ik
HIEk sl — BORFFEISIT ST HATEIEIN, W RER LB TS HAE .

FESL DA 7 A A W AA AR AR, I &AL 5 T 8k fl. 75 A 2
T, AT SE B LI B MU & SRS, (MRS T AL BRI IA], X AL B 2
JE S R 2% . ] 4 W3 vTaskDelay() APl BEBCRACE AR 3R, 4HX R A RAT R
BEATAIE . vTaskDelay() ) e& 25 2 AR FRIE B 10, 108 (AT 55 Se B AR Rl A2 12,

void vTaskDelay( portTickType xTicksToDelay ) ;

EFFiEH 11 vTaskDelay() APl R#RZE

% 2 vTaskDelay()Z:%k

SR filiid

xTicksToDelay WEIRZ DAY o PR ZSE IR R B AR S BE N FHZE RS, &2
IEIRFiE LB RIS, R RIE .

BT, MEAMTS5RA vTaskDelay( 100 )i, LBkl fE
10,000, W% AT 55K RS AEBLIE RS . 0BT T £
10,100,

WA port TICK_RATE_MS ®] DL R LD Sy BT 1) B) () (R %%
3 kg Lok JE 10 Ay BRAT PR S 1) 4
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void vTaskFunction( void *pvParameters )

{

char *pcTaskName;

/* 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. */
vPrintString( pcTaskName ) ;
/* RN . W vTaskDe lay Q LALEAT 5575 138 1 1A DR A B 28 A o REAR IS [A] BACo gk J4 24014
HRT, HEportTICK_RATE_MSHJ LU SR A: 22 bR ok 8 ) 2 T AR e o ASA5135% 52 2502 B0 (76 34 S
W. */
vTaskDelay( 250 / portTICK RATE MS );

}

EFHEE 12 WA vTaskDelay )R E MBI LIER

R AL S SLpid R QA R AL SE 2 L, (RIUAE AT 55 A ] LA BT
Bl 4 [fistrim b 451 2 WL 8.

C:nTemprrtosdemo

Tazk 2 iz running
Task running
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task

running
running
- &

running

running

running

running

running
"

running
running

P B3 ek B BN B bk N L B e BN

B 9 s AT VL RE T LARRE Ry A b IS AN TR 56 22 R PR AN 55 5 SR AR WT LA1S 2]
AT, B TREAE, g T N B S AT I E]
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BWAESS R AR LA R Bt B G, DRiE RO MES T (B H
MEF AT M) AT 7 VRS R AL S5 HEAT PR (1 138

4 - When the delay expires the scheduler moves the
2 - Task 1 prints out its string, then it tooﬁ 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 priority.

Task 1 \ |

Task 2 T—

dle . —

Y 2 13 Time tn

1 - Task 2 has the highest priority so runs first. It
prints out its string then calls vTaskDelay() - and in so 3 - At this point both application tasks are in
doing enters the Blocked state, permiﬂing the lower the Blocked state - so the Idle task runs.

priority Task 1 to execute.

I

Kl 9 H vTaskDelay )& =& 5 HHATIRE

A KA T I AMESS S BT 3, JFBRCE B L ge . XL 9 5B 4 v LUK
I L A5 LA S AT 2 ) S T AR 55 M fE

B 4 JEILI SR S A AT I IR I AT R —— 45 R AE 5 B e ]
BATIE A T KRB MBS Y. B 9 HR IS TIRURE ol LA 21, AT 55 A48 SEIR i 3Y]
WAL TRHLZERS, ARS8 E S B A PRI IR A oy P A 2 8 P i) CAS 451 v A 55 (1 552 s A
HUR ) ST BV — 25 )

EE 9 Proifs e, AR5 BITRLIER S, AT T LBk R — S B
SRJE XA UCENBLZERS o BT LUK 2 B3 Te) 8 AT A B AT 55 b da AT (RINAC AT AT 55
Kot as),  DIEBEAT N AT 55 vl IO FEE NIs AT &5 . XA OL T, ZSHAES5 13 L
AT AAMESS ] IR AT IN TR, S RS RE At B — N R A

B 10 L AR 4 PHES IPIREFB T E . BUERMES AR e &2
i, #ezeid HAEIRES .

N
7/
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e ™
| Not Running
(super state) —

4 2
Suspended
‘\; /P\\

vTaskSuspend() vTaskSuspend()
called called

vTaskResumef()

called

vTaskSuspend() Event fBIO::Iking ﬁltlpld
called /unt: ion calle
Blocked
.\ ) _/.-

B 10 M&ERF I 4 HHRREHB IR

vTaskDelayUntil() API &%

vTaskDelayUntil()25{L T vTaskDelay(). s di s —4E, %L vTaskDelay()
2 H KR €T 55 AR ] vTaskDelay ()2 D] i BH 2E 88BN R 5 2 ANk 4
PR ORFFAE PR ZE AR IR I [R] & HH vTaskDelay () I H 2845 € , (HAE 55 25 B ZE A (1) InF %)
SEFr _ESEARXT T vTaskDelay ()45 H S —ZI1¥) . vTaskDelayUntil() (112 20t =& H k45 e
{E55 2T BHZES BE NS ST — I ORS00k V-2 - AP %X vTaskDelayUntil() ] LA
FH T SEB— AN [t 58 AT J 9T R0 5 5K (A R 5 ZE LR AR AT 25 LA I 5 A0 4 J) ST R AT F)
15 o F T FH 0 R B RO AT: 95 A 53 BEL 2B 00 IS T 2 0 221, R ARR 138 T I 220 PR AR X
IS] ) SE kS At (R B FH vTaskDelay () i) LA S 3 5 kS A 160 R S92 ) o

void vTaskDelayUntil ( portTickType * pxPreviousWakeTime, portTickType xTimeIncrement ) ;

TEFIE 13 vTaskDelayUntil() APl EREEES
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SR

pxPreviousWakeTime

xTimelncrement

% 3 vTaskDelayUntil()Z: %t

it

S H i 4 I 5E vTaskDelayUntil()H T Sz 3EANMT 4% LA
[l 5 A S R AT . X PP OL T pxPreviousWakeTime
TRAF T AESS b— BT B ZE 35 (Bl e ) (T I 220 03X I 1)
WHAE— NS SR FAZAE S N — IRE T LIRS )
7.

pxPreviousWakeTime 5 [n] (1) 48 & i 25 7 APl R %{
vTaskDelayUntil() i it FE e B 8588, NHETFER T
A — IS, T EA I S E . PR
14 JE7R T XA SR ik

%

W2 H i 4 N R AR 2 vTaskDelayUntil() B TS5
T 55 DL 5@ 200K J 3 AT —— AR S

xTimelncrement $5 % 11

xTimelncrement ) B A7 2 0 Bk 8 3, v DUAE H % &
portTICK_RATE_MS = Fb #5400k o 31

B 5. B oRBILEHH vTaskDelayUntil()

{51 4 PRI PANMT S5 1 i VAT 45, (ELJE A vTaskDelay () TV Sl e oA [ 5
PATHREE, A I AT 4538 th LSRR (0 I 2R T-18 i) vTaskDelay () o %1 o 58 3ot i
H vTaskDelayUntil(){t#% vTaskDelay(), f0iX AT AT 4, AR POIX AN LE ) i)

I
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void vTaskFunction( void *pvParameters )
char *pcTaskName;

portTickType xLastWakeTime;

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

pcTaskName = ( char * ) pvParameters;

/* BixLastWakeTime ti BRI LA A LT OBV EUE . B —TF, XS %A R ME—— et 5 E. 2 )5,
xLastWakeTimel4fEphHvTaskDelayUntil () H HEIEHr. */
xLastWakeTime = xTaskGetTickCount () ;

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

for( ;; )

{
/* Print out the name of this task. */
vPrintString( pcTaskName ) ;
/% AAESHERE L2 5 0 R0 A I IHRAT . [AlvTaskDelay () BREC—FE, I TRIMEE LB 1 4 547 1,
AT LM ] fpor t TICK_RATE MSHF B A LBk ] . AF fixLastWakeTime X 1E
vTaskDelayUntil () " HENHEH, KICATENHIREFET 8RR, */
vTaskDelayUntil ( &xLastWakeTime, ( 250 / portTICK RATE MS ) );

}

TEFPBE 14 A vTaskDelayUntil ) SEBLRHI4ES:
% 5 izt 56 4 e A, ES%EE 8.

Bl 6. &I SAEPLEAESS
RG4S T AT 45 DA )y SORTBE 26 05 s TAE I R GeAT b « A I & IF
RPRLT S MPAT IR, FRRSEBLRAT E BUN M R ST 0

o ARG 1 LAIEMMES . KWAMES U AMS AT BV 745 5, REfF 4
FE AL

IXPANME S5 B A TR AR AT v R8-S BRI TEE N BRLZEZS TR APL BRE, Jr DLIX P AMT 5%
LA T, AT IBATE o BATIERIE I 55 BEPR R A b 2 (B
Z:4bHE, continuous processing) 155, KA EATE&H FREEM, BIRIEARY]
IR E A MR S AT 2 o FRER A BTSSRI 2 IR P B 15,
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o HEAMESANEAENEH 2 b, ST HANAMES LS. XAMTS AR 2
FTEV A e, (e TR, BT T vTaskDelayuntil(), £E&F#IRET
Bl Z Ak [ QA TP 2E A

JASIPEAE S5 S BURS S WRE S B 16.

void vContinuousProcessingTask( void *pvParameters )

{

char *pcTaskName;

/* ATEV P45 B AR SS S UL N, sl chars +/

pcTaskName = ( char * ) pvParameters;

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

{
/* FTENG ARG 44, JoPLZE, WHER., */

vPrintString( pcTaskName ) ;

ERFER 15 flerffFEab BAES KT IAH

void vPeriodicTask( void *pvParameters )

{

portTickType xLastWakeTime;

/* VliitbxLastWakeTime, Z G4 {EvTaskDelayUntil () H HEEF. */
xLastWakeTime = xTaskGetTickCount() ;

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

vPrintString( "Periodic task is running\r\n" );

/* The task should execute every 10 milliseconds exactly. */

vTaskDelayUntil ( &xLastWakeTime, ( 10 / portTICK RATE MS ) );

TEFFES 16 Fl6 ARSI LG
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B 11 g THI 6 RS T gs R, K 12 xR BIRAT R 5 X0 (A TR AR

iR

continuous task
continuous task

2 running
Z runming

continuous task 2 rumming
Periodic task is ruming

ontinuous task
continuous task
cont inuous task
continuous task
continuous task
continuous task
continuous task
ontinuous task

1 rumming
1 rumming
1 runming
1 rumming
1 runming
1 rumming
1 rumming
1 rumming

Periodic task is rumming
continuous task 2 rumming
continuous task 2 rumming
continuous task 2 rumming
continuous task 2 rumming

B 11 6 FBITHHE R

4 — R Bk S ) & B 1 4 o B9 €K B,
B DLIEJ HA4  4% 5 5] 3 5 A5 0 b B LA £ 5 B AT 39
Btk AR, BT DA B ATIEAT & AT, FIHEF
TR —KATE A 2 5, # A vTaskDelayUntil O X E
2.

Ty P s - EmEs AT HES, Bk
PR A Ry |EmEExEagesEan —
B ja ) - e ] H A \ %ﬁiﬁggggﬂhgﬁ%%?

e A Y VR - #A 4],
PRRMBERTHEE. BEIave T T T
Periodic ‘ |

Continuous 1 e 1’—

Continuous 2

Ide .
[ t1/t2 t3 Timets

2 - AR B 0, T B A 4

T TR R ES AR g | [3 - mEC kAL A
B, U EES BT A% | | E e LR SR

A S e P N btk

FRWMB N EGFE.

B 12 fl 6 AT

L UL A ] DOSBoOX MRLLAS FEAIG T AT BB, LA/ Bl bR e SR B 58 B R GEAT o
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1.7 ZREFEZERES BT R

Bl 4 QIR I8 O I TR R AL T PR ZE RS . IXPRIRES T T AT 45 #B AN nlB AT
JIT LA AN R4 T RS e

AR PR SR T EAD R PAT—— T LR DB — AMES A a7 . A TARIFIX
— /1, M vTaskStartScheduler()), W E#s2 A a1 — NS WSS . SRS S
AR RN R B B R R GRS T AL, B T BB AT

WAL S BARM e B (LSE K O) LALRIEFEA S i i B A 5 s L 56 G i N AT 5%
BENIZATA—228R, B AT BRI A AN AT 25 0 7E 55 2 AT 45 AH [F] IR AR 2
2 by WARHTEME, ARFE A DURS AR 55— = i e 4k

BATERARA S T PLORAIE— BT S s R S5 BN 48 A, IR 45 2 57
EIPTHIEATA . X — T LEE 9 1 tn ZIE HiIok, (155 2 B FHZEASR, S WAT
G AL EIIH R LRSS 2 $0AT o AR5 2 $EE 12405 (pre—empted) T WAESS. #ih
s AR, WIFANTT S AR 5 55

RS T R
T 2 AT 2540 1 sR B (ERFRIE1,  hook, or call-back), nJ DA 87525 AT 45 Th it

TR FHFR P ARG T fE o 2% PRAT: 550 1 R B2 5 20 PR 55 BRI BA — st 11 sl i — K
TH 2 AT 2540 T R B FH T

o HUTIRALIEY, Jo & Bl AT A HE I D) REARHS

o MIE RGBS T (B IWAT S5 R AE A B AR5 HA BT A G WL SIAT, T
DA # tH 25 PRAT 55 oy FH 11 Ach B8 B ) gl v AT 28 (R 0008 RS 1 2 /0 ' R 1 Ab 2R
[]) o

o REALPEGSAC B BUR DR A ——RAE P B ah & ik, A AR BT AT B ] 2h fig
T EEAL BRI, R GE H Bk AR A
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25 PR AR 55887 BR B0 SE B BR 1
75 PR 55 41 R 80 25038 N LA R

1. AR . SRS RSV EE S H A BTN A S AT (AR R HIE

F IR WAL S IE L) o DATA J7 PR ZE A WAT 5541 v] e 3 BO AT 55 RE BEA
BATEs !

2. RN TR 2] T vTaskDelete() AP bR AL, M2 PR E R B0 2 RE IS RLPGR ]
NN AEAE S HOMBR G S RAE S5 ot A% BER . W RS IRAT 55— EIsAT a4
TR, WTGTEEAT R T A

75 WAL 55541 BB UH AT RIS 5 17 B 1) R 5044 A0 R s 8

void vApplicationIdleHook ( void ) ;

RRFER 17 ZRESHTRERE

Bl 7. B X—ANEREEE TR

%) 4 AR T A FLZEME T vTaskDelay() APl BREL, 277 A KB 10 25 N I [l ——4F
KR A5 AT S5 S A3 BIBAT DR AL AT 25 35 Ab 1 BHLSEAS o AT 2% N B 7 i 4K
A X 2o (B I |) o FARUEACHS 2 AR FPIB 52 18,

/* Declare a variable that will be incremented by the hook function. */

unsigned long ulIdleCycleCount = 0UL;

/* N T R B Ry 44 NvApplicationIdleHook () , B W LIRIEE. */
void vApplicationIdleHook( void )

{

/* This hook function does nothing but increment a counter. */

ulIdleCycleCount++;

BN 18 — MR FRIE WS T B
FreeRTOSConfig.h H1[{11ic & % & configUSE_IDLE_HOOK W45 X A 1, XFEAS
AT 57 R BUE S iR A
KR AT 25 S BRR BOIEAT T /b B ek, FH BT Epdir A8 & ulldleCycleCount 11
1, WREFEE 19 s,
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void vTaskFunction( void *pvParameters )

{

char *pcTaskName;

/* 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( ;; )

{
/* FTEE AT %, DU dsulidleCycleCount [FfH. */
vPrintStringAndNumber ( pcTaskName, ulIdleCycleCount ) ;
/* Delay for a period for 250 milliseconds. */
vTaskDelay( 250 / portTICK RATE MS );

}

BFER 19 R~EMESIAR T4 H ulldleCycleCount #{E

B 7 14 45 R 2 ILE 130 M ] DR Y (FE BN U 1), 25 PRAT 55 8 1 pR oA
AR S5 AR A A I RE H g T (AR50 4.5 million K.

C:\Temp>rtosdemo
Task 2 iz punning

Task 2 iz punning
ulldleCycleCount 38069584
Task 1 iz prunning
ulldleCycleCount = 3869504
Task 2 is running
ulldleCycleCount = 8564623
Task 1 is running
ulldleCycleCount = 8564623
Task 2 is running
ulldleCycleCount = 13181489
Task is running
ulldleCycleCount = 13181489
ask 2 is running
ulldleCycleCount = 17838406
Task 1 is running
ulldleCycleCount = 17838406

B 13 il 7 s TSR
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1.8 BURIEZM LR
vTaskPrioritySet() APl BR%{
API %% vTaskPriofitySet() rJ LLH 175 & 2% )5 80 Ja OB AT 55 AL SE 2

void vTaskPrioritySet ( xTaskHandle pxTask, unsigned portBASE TYPE uxNewPriority );

TEFFIEH 20 vTaskPrioritySet() APl R#RE!

% 4 vTaskPrioritySet() 2%

SR filiid

pxTask W AE A S AT 55 1R (B H #541:55)——2 7% xTaskCreate() API
PR AL 241 pxCreatedTask LA T i an e[ 15 2T 55 A0 5 10 45 B

fE45 nf Lo LA N NULL ERAE S H At g

uxNewPriority — H R4 Kbk v & SIS se 4 b v s e I T s KT A
%2 (configMAX_PRIORITIES — 1), W&k A shE TR KME.
= configMAX_PRIORITIES /& 7F FreeRTOSConfig.h k3044 ¥ &
AN 1R I 2 07

uxTaskPriorityGet() APl B&%{
uxTaskPriorityGet() APl s ZH T- Al —AMEE ML 5E

unsigned portBASE TYPE uxTaskPriorityGet ( xTaskHandle pxTask ) ;

TG 21 uxTaskPriorityGet() APl EBUR A
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% 5 uxTaskPriorityGet() 2%t & ik [Fl1H

pxTask P B S5 I AR (H AR AE55) %% xTaskCreate() AP (5111 331

pxCreatedTask LA T fif i fa] 5 2I4F-55 A4 7 THI R4S B

{145 AT DL 4% N NULL {E kA0 3 st 2% .

iR R PAMESS I Z AT e .

1l 8. ARMEFMEL

T BEAS R AE T B4 AL ik B A B L e AT S5, IR NI AT3s .
AN & S A vTaskPrioritySet() APl BRECK ICE PHANMTE S5 AR XL 62, LAk 2
X R BRI AT R IR

TEARIIIAE S EAIER AT SS o IXPIAME S HB AT T FH AT AT 25 2 L e NBHZEZS I
APl R, T U PIAMESS AL T8RS, HAR TIsiTA—XFEIE T, WS
WP B SE RIS KT

i 8 FATLL AT 477 2

o (55 1REFFIE R 22) QI e, MMRIEIL AT Bl seisdT. 155 1 556
ITEVE AP KRR S5 2B B 23) el dT 8l 3 2z b

o (155 2 — ELYIA B B AR ST R BT (I NBAT25) e Pl TAT AT BN S T i
SIS TIER, FTUATS 2 BT, (14 1 AT .

o fE55 2 4THIHE —ME R, AR A SRS mHR 4155 1 BRI ME.

o {155 2 AR A CHIE IR TS 1 X0 A s e R ESs, i bME
% 1 P NIBITAS, AR5 2 posllvI A4 2.

FreeRTOS 35
Designed For Microcontrollers;
© 2009 Richard Barry. Distribution or publication in any form is strictly prohibited.



http://www.FreeRTOS.org

void vTaskl( void *pvParameters )

{

unsigned portBASE TYPE uxPriority;

/* AL AT S5 2 SEIEAT, PUAAES IR el o AR5 IAUES 2 A A P2, FT AP %
2RET RS, EARTIETE.
PWIAAT S M ATISAT IR - 44— ANULL{ER R i <RI E CRREL” . */
uxPriority = uxTaskPriorityGet( NULL );
for( ;; )
{
/* Print out the name of this task. */

vPrintString( "Taskl is running\r\n" );

/* ACAES 2R R E B M TALR S LI e, ST 55 2 57 B BT (RUAAESS 2 BUAE R T A AT 5%
AT B LB AT S5 ) » TERM ] vTaskPrioritySet () I BIRAT 45 2 (AR T B2 48 i
WA XA */

vPrintString( "About to raise the Task2 priority\r\n" );

vTaskPrioritySet ( xTask2Handle, ( uxPriority + 1 ) );

/* ARG HAAE AR e ARG 2N A AR BIHAT . Bt MRS ISAT RN, 552098 LR
T T, JF HoRIE A S RS BB I EAT S LRI E S +/

FEFFER 22 ) 8 HES 1 KR

void vTask2( void *pvParameters )

{

unsigned portBASE TYPE uxPriority;

/* AR LA HSE A8, PUOMESS 1B MR gt . AE55 1ML 2MAN B IE, FrLA & Akt T
WA, HATIETE.
TWIAAT S M ATISAT IR R - R —ANULL{ER R “REIFR A CRIREL” « */
uxPriority = uxTaskPriorityGet( NULL );
for( ;; )
{
/* HAESSIBATRIIR L, ARSI R CLIs T T, PR S IUE SR E RIS TS 1A ./

vPrintString( "Task2 is running\r\n" );

/* K E SRR BCE R FE . MZENULLARE R “ SR e o eIE R E 21K
TAES VHAHES LM RIPAT - AE51HE AfES .  */

vPrintString( "About to lower the Task2 priority\r\n" );

vTaskPrioritySet( NULL, ( uxPriority - 2 ) );

PPER 23 Bl 8 MRS 2 KR
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FESSAEEWAME A QPLE g, FFRA M — M7 B A —— ] NULL
B o RATTEREAMT 55 75 25 ISR S5 I I A 25 F BIE 55 FURR . 47 LUAT 5% 1 AR
LSS 2 LSRG, O TAkESS 1 RE AT BIESS 2 IAIR, (EAESS 2 galdtmf A
PR IF I ORAF TR, AUBTRPTE B 24 R P G s (10—

/* A TR S 2. */
xTaskHandle xTask2Handle;

int main( void )

{
/* AT LI AR e g2 o TS SEATH A, ®ANULL. (TA MRS S, BEANULL */
xTaskCreate( vTaskl, "Task 1", 1000, NULL, 2, NULL );
/* The task is created at priority 2 cox/
/* ARG 2GR b - BIESC AT 1. RS SH0 A B, BWOANULL. HAT45 2 AT 55t s 4
M3, #HefixTask2Handlelf il N, */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 1, &xTask2Handle );
/* The task handle is the last parameter AAAAARARAARAAS %/
/* 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 5 provides more information on memory management. */
for( ;; )i

}

FEFER 24 ) 8 h main() KB LIARHY

B 14 o 741 8 TS, 1 8 s 45 12 WA 15,
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1 - Task1 runs
first as it has the

3 - Task1 runs again when
Task2 lowers its own priority
back to being below the

highest priority

Task 1 -
Task 2
ldle

Task1' priority, and so on

The ldle task never runs
as both application tasks
are always able to run and
always have a priority
above the idle priority

{1

2 - Task2 I’l:JnS each
time Task1 sets the

ime \
2T /

Task2 priority to be
the highest
B 14 Bl 8 AT

DOSBox 0.72, Cpu Cycles: 3000, Frameskip 0, Prog

running
lower the TaskZ priority
running
raise the TaskZ priority
running
lower the TaskZ priority
running
raise the TaskZ priority
running
lower the TaskZ priority
running
raise the TaskZ priority
ruming
lower the TaskZ priority
ruming
raise the TaskZ priority
ruming
lower the TaskZ priority
ruming
raise the TaskZ priority
ruming
lower the TaskZ priority
ruming
raise the TaskZ priority

B 15 8 KEfTHigR
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1.9 MRS

vTaskDelete() APl pR#(

145 7T LIS ] API i % vTaskDeleteVIHIE: B C B EAE5S .

RS HMIER IS A RAAAE, MASHIEANIZITE.

25 AT 55 I DT AT A2 20K 70 Bo 25 M BRAT 55 1 W AFRE UL . DRI — AR 2L, IR
sAd 1] vTaskDelete() API BRI 55T 0 AN RESE 28 AT 55 B RAT I TR AR K

i U] — i, R WAZ N AESS 70 B A5 T8 A AR A 55 MR Jm A sl [l 4
95 B Oy T A7 s Yl 2 TR e A O R R T

void vTaskDelete ( xTaskHandle pxTaskToDelete ) ;

TR 25 vTaskDelete() APl E#REA

% 6 vTaskDelete()Z %k

SR filiik

pxTaskToDelete  #MIFRATS5 1) AN (H A54T:55) %% xTaskCreate() API & %11
Z4) pxCreatedTask LA T fif ey 45 24T 55 AR 7 T F115 o

FF45 0] LB 4 N NULL (BRI A .

Bl 9. MIERES
RN RE R, AT W

o f£55 1 M main() B 1 b 455 LisdTie, LMk 2 BldFSs 2. Bl
EAES 2 B eEeds, Frbla iR RIHAT . main() s B0 IR 2 I FE
JPis R 26, 545 1 SRS S LR i B0 27,

o 155 2 Mt A, HAMERAC. i fLE NULL {£LL vTaskDelete()
SKMIBR A O, HE T 4D IER, ARSI, (155 2 s
PEARA WL i . 28,
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o LSS 2 4 H MR G, 1155 1 A B AT 55, B LAGkEE4hAT, T
vTaskDelay() FH %€ —/NBEE 7]

o TS 1 HEABHIERASG, FSWAESABIPATIINL S . BRAESSRETAZ N C
MHIBR BT 25 2 43 BE FI AT o

o fE55 1 EITHIERS IR, M UUS At e & HAT B LR MAESS, ket dy
WS X IRGIEAES 2, WkiER.

int main( void )

{
/* ATS 1A TEAR e [ +/
xTaskCreate( vTaskl, "Task 1", 1000, NULL, 1, NULL );

/* The task is created at priority 1 Y

/* Start the scheduler so the tasks start executing. */

vTaskStartScheduler () ;

/* main() should never reach here as the scheduler has been started. */

for( ;; ):

TEFFIEH 26 1 9 F1 K main ()RR L

void vTaskl( void *pvParameters )
{
const portTickType xDelaylO0Oms = 100 / portTICK RATE MS;

for( ;; )

{
/* Print out the name of this task. */
vPrintString( "Taskl is running\r\n" );
/* BUEAT S 2 e, */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 2, &xTask2Handle );
/* The task handle is the last parameter A
/* BFUOMES 2 A o, ITUATS LsATRIIX BN, B4 2 Ca 58T, MERT Bd. F5%11530
A7, ZEiR100ms */
vTaskDelay( xDelaylOOms ) ;
}

FEFFER 27 61 9 FES 1 MK
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void vTask2( void *pvParameters )

{
/* ARG 2t A BB, ORISR A O MR B 2] AR ANULLAE, XHLh TR, 2 A A D aii. +/
vPrintString( "Task2 is running and about to delete itself\r\n" );
vTaskDelete( xTask2Handle );
}
EFPER 28 Bl 9 HHIES 2 LIARE
o CY\WINDOWS \system32 \cmd.exe - rtosdemo
running
running about delete
runn ing
running ahout delete
runn ing
running ahout delete
running
running ahout delete
runn ing
running ahout delete
runn ing
running ahout delete
running
running ahout delete
running
running ahout delete
runn ing
running ahout delete
runn ing
running ahout delete
running
running ahout delete
running
running ahout delete
B 16 %9 KZfTHh 4R
2 - Task 2 does nothing other than delete
itself, allowing execution to return to Task 1.
Task2 =
Task 1 0.
i A
ot t2 Time tn
1-Task 1 runs and creates Task 2L | 3. Task 1 calls vTaskDelay(), allowing
Task 2 starts to run immediately as it | | the idle task to run until the delay time
has the higher priority. expires, and the whole sequence repeats.
B 17 6l 9 $ATHE
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1.10 AEHEZE - f#d

PLoEHt b =R E
AR BIRE R 2R T FreeRTOS fEAHA g DL LI 77 ik — M4
PRI SS K HAT o

o REMESFHIRT T — ML

o REMEFHS AT LI AE T DB ARG

o (EAEATINARER AT —MESS 1] UL a1 RaSs

o P A8 RURAE P A AL T2l A AR 55 R £ B A S LS R IR 55K AT

XS (AU 5 5 SRR D 7 5 DL SE 4t ORIl e L se gt R R
FEFHPIRT T — S, A HRABER WALA 5 SR CLREBAE S5 12150« "y
AR IS NN S SR IUC R SR, WAL FHE4T & ARSI SE 2 AR,
WRZAT 55 B 238 AR T AL S5

155 W] LAAE FLEARAS ST A, BB A EIN R A sl 2t zh A . iR
FAAETANREE I 2, LEAnBLZE N o I TRl S 5 T A T BGE A7 o o AE 55 51
HH T R 25 9 REATE BA A AT B BRRAE 55— Bl 5 e, AR (RS S0 [R5 30
T AR RIAT N, BRSNS AE g Bs 203k T .

& 18 3 B 7R A B R PP A T IR R B 1 3 oy 2GR 94T 0 05 3K

Task 2 pre-empts Task 3 M ‘ Task 1 pre-empts Task 2&

Task1 (high, event) ﬁ
Task?2 (med,periodic)j—é _ 3" " .
Task3 (ow, evert) | omm o S
ldle task (continuous)é —- a-—u _I -
1 2 134 t5t6 7 18 .- i 19 t11 13

1o t12

the Idle task delayed until higher
priority tasks block

Task 3 pre-empts the idle task % Task 2 pre-empts% Event processing is ﬁ

B 18 PITHETHEZERL N
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& 18 R
1. RS
FRATL S A AR SE S, DUl e ST b Tt A2, FWAT
Sttt —— g 3, t5 1 t9 I %1,
2. 11553

FreeRTOS
Designed

5% 3 & AN IMEST . LA M EBARM LS, Eiedim T
EWNAESS o HORTB I [ AL P 2E S A5 R HOG D I o B2 AR R Lt
MPBHIERHH 245 A5 - FreeRTOS 1 JIry (AL 55 [RLB S HLAI (BN A1, 155 F4F)
AR LA LKAy U T AR S LA S AT 55 B FEL 2

FAEAE 13, 15 LALK t9 & t12 Z [AI AN 20 A A . R ARAE t3 A t5 I ZI iy A
A DAST BRI A, DR IR I 2T 45 3 fET rls T4 i e e . Rk
7E 19 2 112 Z (A A ZI K FA T A G BISL R P, 72— H AR 112 %),
R A HA s e R TS L A% 2 Wifeisird, RERT 2 %, X%
ML NBRIERS, (#1455 3 o HAT s e st 4 AT 55

1145 2

1155 2 52— AN RINEAR S5, HARe S m TAESS 3 JHIRTESS 1. Mk 5 i Ta]
145 2 WIEEAE t1, t6 FH t9 B ZIHAT

1E 16 I ZESS 3 b THsATAs, (HARAAESS 2 A A m s, il d
155 3, JFALHMSRISAT . 455 2 e sk B, 78 t7 I 2R [Pl 2ERs . R,
1E55 3FFLLE B NIBAT A, RS lisb B, 1155 3 7 18 N % HE NFH IR

1145 1

55 1 W2 ADFMWIMESS . 55 VRS B mm g, Bitn]
LI T RGP AR eSS . AEERE R, AR5 1 IFF R AEAEAE 110
%), IS 13d TR 2. R 5445 1 4E t1] IS ZIFRREE A BLIES 2
Ja, 555 2 A1 UL GRE 58 b #EL
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BRSNS

M 18 1R LU B 56 2 53 Fe 7 a4y AR AS b 5 e i R AT R 1)

AR Ry — et TR, 56 BCHEE SEE I T 6 AT 550 S 2 o v T 58 U A I DY RE AT 55 1R AR
Jedl. HIHE BRI, AT R AL B SR R, AR RN RV, LARAIE
S R A i 3 s 52 B (1 95 S B o

FLI I %R ¥ (Rate Monotonic Scheduling, RMS) A& —F i HI AL Je 2243 lic oA
FURRHEAT: 25 5 S 1 AT a3 R 23 e — S ME— B DR S5 0 o BAT S ooy JA) IR T B3 HOAT: 55
WY e 2 BAT AR AT IR AT 55 I T e R Se . XA S5 4 23 1id 7 X
WAIE] T 0] LU KA BEAS B F RS> 6 T i P (schedulability),  {H & 1247 I Ta) AN & LA
FHARFTA AT 5 A EAT A, S A X Ry sC I A T v SR A 2 B 0

o

RPEE TSGR FreeRTOS 1] LLERER FHPME IR .

KA AR B E R B A%, AT BEAEIB AT AT ST RN B ZE S B Is 1T BT 55
M taskYIELDOI s A i B 3COM. AR5 At dy, AR
DAL A BB AL BRI 18] o Db 2 R I AE ARy sC B AR LA Ry o, (H )
RE= FER SN AL

SR L7 S WIAT I, X B R W A5 R b B Uk AT B SCi e,
MG SEVF R A= A48 AT 0, (RIS TSR ERIANT o XA 4 R R 15 2 T T
I ] HLARI e AT R G e BOVFRX I BTN, DR 3RS TR6R, JF HIX o —F
JH R A TG
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2.1 #E%

T FreeRTOS 1N FFLF tH— 200 ST (4T 2546 | —— B AT 45 408 2 EL A ST AL
PR NFR P o I BT AT 45 2 TR AR 1) e <5l i A Bl f AR I RS Th g .
FreeRTOS H A 1815 5 [F DML AR & FE T BA S SEEL

AEIEIEEE 7L R34

o Wi B — AT

o BAZIn e EE AL A

o AT [A) A B AIE A

o W EASRE

o BAFIPHIE A AR

o TERAIISGER MBS RIS, ATF S AT AR

AT R TS5 R REAE o AE55-5 Hh W2 18] 3 A5 R A2 20 == UFiR .
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2.2 BAFI AR

e 6 EER

BAF AT LAGRAE AT BRAN LA B 5 A I el B 06 o BAAI AT LADRAR (1 S5 K R e 4 H i
N BAFRSR L™ - AEBR A 1 I s 28 5 HAREERIREAS PG IR R

WHNGOL R, BIIAE FIFOGGRESCH) M, RIS thBA SRR SN, MBS 352
e =R, HBAITE S A B REN

AERAB 5 N Bt 1 3 7 1 5 DUt = Ak 2 A s BRI 33 i A 49T
BAS b 0 Kt #5 DUMIER . B 19 REBL T BRI S NS R, LRGBS A0 BA S
Kl 1520 o

A#HZEFHFR
BAZIE HAT B NIRRT N AZ XS, IEAN R T B TAERIAESS . BT E55#fn] LA
[i] [l — BAB G AFNEL o —ANBAB 22 05 B2 W 3, (H i 22 05 3 B2 AR D iE 2]

VRIS

RAEFF IR BB, T LR E — AN FHISEIN I 18], AEIX BN E) A,
RENF 7S, AZAT S5 4 DRy B ARZS AR A AN EE A R I e AR 55 5P IR R 55 1 7
TEHEERF A N T 5l , AT 558 A ) i FLZE R 02l 5 o 55 (X I o)t
o T HRE IR FLZE I T, RIAE BB i e AT 288 » A1 55 o S MBS A 44 25

HIF BRI o] A2 TS5 BRI, P LU ASBAA T 5, L n] AT 2 M5 AL TR 2E
WA LLERF AN A 2 XML T, — BT AR, ety — MES SRk
BHLZE, XAMMESS W2 PTAT SE R AR 55 H UL e s AT 55 o i W AR P A7 S5 A A 55 IO L e
TS, B2 B BHL2E IO 55 1 2 S A i AR 55

SRAFIR P ZE
[FIEERAS—HF, AE55 AR Al LAAE S BAAIN Fig 5 — AN FHLZE BN N TR) o XA 1A 240
BAFICIN , A 5530 N B ZE 25 LA BA S 25 [8] 45 2801 e A 1]
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HIF BRI AT A MESF SN, P LU AN, L n] BEAT 2 TS5 AL TR 2E
WRASLLEERF A S AT R ERMESL T, — BRI AR, e — MBS Sk
BHLZE, XSS AT S5 R AR 55 H UL e s AT 55 o i W AR P A7 S5 AE 55 IO L e
TS, 82 B BHL2E IO 55 K 02 S A i AR 55

SIE—ABAFF T RS AM{ES B2 (B = A 51 &8 & o] CLRAF5 1 3.
SBRAFIHIMI R, HAAGEAEEST, FUREZEN.

EHFAE T AMBEFET (RE) BIAFIE. HTEAY 2 sIRZEH, Bl
SARE B ARSI HE—f I8 T, BIBAF| B ABAFIE R R XE.

EFHBABAF P (EE) gD s — 1 FEH. EHFBEHNEREMIITR
B, BMEFAE —KEANE

.H.
=
-+
=
=
b
S

EHFBESEA T TS, Wi

; BAF REF T %
. HAFEESBT —REAFIM A BEE. BHEiRA
TR,
B 19 BB SRR e
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2.3 fEHIEAS

xQueueCreate() APl &3

A B A FH T 2 20 S At 0 1

BAZI 5 B xQueueHandle 178 #4751 H . xQueueCreate()H Tz —4~BA
A, I [A—> xQueueHandle “JAN LA T X LA A S BEAT 511 -

BRI, FreeRTOS MMEZ ] 173 e A7 18] o 3L 1075 18] FH T A7 A A 91 2
I G KA B DL R BAF A, 5 (R B8 B s T SR P A HE PP A 8 1 2 ) R B 2 BA A,
xQueueCreate()K R [Pl NULL. 25 F oA KT WAAHES B SE 215 5

XQueueHandle xQueueCreate( unsigned portBASE_TYPE uxQueuelLength,
unsigned portBASE_TYPE uxltemSize );

FAPE . 29 xQueueCreate() APl R E %Y

# 7 xQueueCreate()Z % 5k [HE

e e fifiik

uxQueuelLength A RERE A7 1 B K oc 2 H . RIBAZIER

uxitemSize ST T I, L1 B
e NULL B4 05 1 23 ] 4 R A 0 B 2
I NULL {227 A SO sl LR IR 24 77 F ok, LUy
H A LS 0 A
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xQueueSendToBack() 5 xQueueSendToFront() API E%}

1 5] R B4 7 e T A ) —FE, xQueueSendToBack()H 1K Eudh & 12 51 BA 5]
F&: 1M xQueueSendToFront() FH T £k A& ik 2\ A 1 .

xQueueSend()5¢4>%¢ [T xQueueSendToBack() -

B9 ] A EAE P W Ol % # R P W A xQueueSendToFront() 1§
xQueueSendToBack(). FHR &AL iz AR xQueueSendToFrontFromISR() 5
xQueueSendToBackFromISR() H T-7E 71 B il 45 SE IAH Rl K D i o X S 7R 2 = 7 rh
IR

portBASE_TYPE xQueueSendToFront(  xQueueHandle xQueue,
const void * pvltemToQueue,
portTickType xTicksToWait );

FEFFTE B 30 The xQueueSendToFront() APIER# R R

portBASE_TYPE xQueueSendToBack( XQueueHandle xQueue,
const void * pvltemToQueue,

portTickType xTicksToWait );

TEfFE . 31 The xQueueSendToBack() APl H¥RE

% 8 xQueueSendToFront() 5 xQueueSendToBack() & £ 2 H M ik M1
54 fHiid
xQueue HARBABI AN . X AR ELE I H xQueueCreate() fill 4 1% A
HI I IR [FE
pvitemToQueue RIEFAR FEEr . AR R 2R 2 H brBAZ R iR £ s H G
T AE A A SIS BB T BB b B S o A BE, it DA o AN dR
i n) 110 2 T) S AR A B TR St 28 BA A ) A i X 358

xTicksToWait BHL SR I I 8] o S0 RAE ACIE IR BA S iy, IXANIN TR BRI A 554k T
BH 2 A S BA S 2 8] A7 2801 B K S A IS )
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AR [FE

FreeRTOS

wr B xTicksTowait ¥ 4 0, JF H B\ %0 & Wi, W
xQueueSendToFront()-5 xQueueSendToBack()#4) 4 37 Bl [H] ,
BH ZE N 7] 72 LR GE Lok i S 0 B (1), P A I [A) B g - R 4
DA . W portTICK_RATE_MS A] LU SR30 Ca ik i 1] 27
4 Ry S FD I () BT

an F A4 xTicksToWait # 4 portMAX_DELAY , Jf H &
FreeRTOSConig.h 1% INCLUDE_vTaskSuspend 4 1,
2 BH FE SRR A B N R A1

A AN AT RE IR [FIE

1. pdPASS

IR[A] pdPASS H o —MpGad, ARt El gl s A i% 2 A1
W

WL E T BH ZE B I 1] (x Ticks ToWait Al 0), ¢ pR B0 [0] 2 Ji
T 551 45 2 7% 1) BH 28 25 LSS A BA A 25 1) A R — 1 8 IR 245K iy g
WP E S e D 5 N BIAF, PR £ <53k [1] pdPASS.

2. ermrQUEUE_FULL

eSS R N I S T TR/ W P O SR TN [ £ 9 (]
errQUEUE_FULL.

WV E T PR IR (xTicksToWait F 0), 7E &%kl 2
AT 554 Bl e s 38 BELZE 28 DU A 91 2 ) A7 280 o F T 30 A 52
A H e AT 55 B P IR 2549 R 1 A 71 1 J L 2 8], R 0] 25 1R
i errQUEUE_FULL.

51

Designed For Microcontrollers;

© 2009 Richard Barry. Distribution or publication in any form is strictly prohibited.



http://www.FreeRTOS.org

xQueueReceive()5 xQueuePeek() API %

xQueueReceive() H T- MBAZI i (B2 IO Hetls 50, 211K 57 RN 25 B F71)
IR .

xQueuePeek()t & MM BAF e e Bictls 57T, AN A& T A BAF A il s 2 i 21
1570, xQueuePeek() NBAFI HFL M B1EH 5, AN B EBASI R HE SR, AR
AT BNF o BAF A L

PIOASZELE I IR 2549 R4 b i xQueueRceive()F1 xQueuePeek(). 72 4 fii A
(R4 API B3 xQueueReceiveFromISR() K4 7E 55 = i b iffik .

portBASE_TYPE xQueueReceive( XQueueHandle xQueue,
const void * pvBuffer,
portTickType xTicksToWait );

B 20 xQueueReceive() APl E#RA
CGEFE-B AN K208 ? X2 SC P Bug, IFEIFAEmA4)

portBASE_TYPE xQueuePeek( xQueueHandle xQueue,
const void * pvBuffer,

portTickType xTicksToWait );

TEFTER 32 xQueuePeek() APl B HE!

# 9 xQueueReceive() 5 xQueuePeek() i %t 5%k 5 ik [k

ZH 4 iy
xQueue BEZBA R AR« XA FJAN RLZ U F xQueueCreate() fill it 1% BA 41
N RiOB Y EI =
pvBuffer A r et . HARm —BWAFIX S, T HBONA S R Dk
OEAETT

Kot oo EEAE B A S I it e seE , P LR ETH R R
A7 DX AN 224 A2 8 DR A — B8l e

xTicksToWait RH ZE B I I TR] o A SREAEFR I BA S Ry 2%, IIDIX AN I [R] & AT 45 4k T
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AR [FE

FreeRTOS

BH ZEAR S AT DA K A7 20 010 B IS5 A5 P 7]

W xTicksToWait %4 0, Jf HBAZIA%%, W xQueueRecieve()
5 xQueuePeek() 4437 Rl [A]

BH ZE 1] [R] 2 DL ZR G Lok J S0 R S 57 1K), e LA T N TR) B o T R 4
DR . H 5 port TICK_RATE_MS A DL S4Bk IR 7] Bf7 4
e Sy DI R AT

o B4 xTicksToWait & & A portMAX_DELAY , Jf H 7

FreeRTOSConig.h #1 ¥ & INCLUDE_vTaskSuspend % 1, 4
BH 2 S5 R A R IS PR

BT BERIR [FE:
1. pdPASS
WA MG 2R B pdPASS, AR5l & Al Dl A BAF H s 210 508

S T WL I ) (<Ticks Towait = 0), 72 B ORI ji{E
G54 s T B L2 D55 4 DA 1 5 4 24— I 5K T 5 M
ST A BCRR, i SOU 4R ] pdPASS

2. errQUEUE_FULL

T 2R A e B T BA A 2R e A e B AR AT £ s, A i ]
errQUEUE_FULL.

W e T PHEEBR B (xTicksToWait JF 00, 7 BRAGR [0 2 |
155 K5 B e ¥ 3 BHLZE 25 LSS AT DA S IAIHAT 28, B L B IN 5247
FCEAE 55 52 P W7 ik 55 9 RE AL BA A 5 N Bl R R 2 ik (]
errQUEUE_FULL.
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uxQueueMessagesWaiting() APl &%
uxQueueMessagesWaiting() H - A i BAF1 A 24 5 A 2580 Fr o6 /N 4.
PIOANEELE I IR 25490 R b i ] uxQueueMessagesWaiting(). W 2475 b K Ik 2% h
1 FHH A 7 22 4 A uxQueueMessagesWaitingFromISR().

unsigned portBASE_TYPE uxQueueMessagesWaiting( xQueueHandle xQueue );

TEFPBEH 33 uxQueueMessagesWaiting() AP B REAL

7 10 uxQueueMessagesWaiting() i %1 % A ik [rl{H

xQueue e EHBASI IR . XA AIRRRDZ T A xQueueCreate () fill i 1% A F1 I
13 [FE .
i [ MHTBAF A ORAT IR B SR T AN IR 9] 0 R BH A A 0 2

1 10. ZPAFI I BE2E

ABRAGAE— B, AT S AEASIh S5dl,  DLNBA S el e
XA BAA B SR AR AF long U SR IC . FEBAA R S H5elis (04T 45 AT 1 o PR ZE R I IS
[, T2 A S AT 550 1 A I I ]

A 5 H A AT 55 TR AR 6 AR T- B2 AT 55 AR e o 3 SRS BA A PRl i A
SARFRB I — AN B 7T PO — B HE RS NBAF,  BRBAAIATE 55 2 R AR bk B 2E
TS ST S5, I BB B e, 7] His A BA B b B —BA 37 7 — 8 A 2 oA
Hl)a

FEFPIE A 34 I T 5 BAIIMESS AL S Bl IXAME S B T AN S, —AA
ARSI T S 8UE 100, 1M 53— NS AMSE AR BA S o ANEUE 200, (55NN HZ
O H RN BEAS LA 825 B IS N EL
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static void vSenderTask( void *pvParameters )

{

long IValueToSend;
portBASE_TYPE xStatus;

/* ARSI SEG], T LS N AR AT 25 N D S5 ad — IX R0 AT RN SE AT AN RN
fEo BAAUBIEEIN 52 H A 50 Rong Y, T AN 10 2 B4 il 6 A 25t BT BERIF A >/
IValueToSend = ( long ) pvParameters;

/% FURZHATS R, AATS WAL T—ANSEiE T */
for( ;5 )

{

/* FEBNI R EE
B NSHOEEGANKIAS . BAILEE LS s 2 it G 1, Brilse TR S5 4hdT .

AN ZHOEPOOR BRIt e, A R E IValueToSend it

A SEGE L IER I I [A] — SBAZI, AE55 e AR AOIRZS LLAERE BAS A [ A8 AW b s A7 e i
SIS TR, S A S BA SN e CR RRA L Al ST ibl 2y, T RA PeA 200

*/

xStatus = xQueueSendToBack( xQueue, &lValueToSend, 0 );

if( xStatus != pdPASS )

{
/> JORBEAE TR GIE S — IRRAAAERE R, OB B SIA T RER . >/
VvPrintString( "Could not send to the queue.\r\n" );

}

/* RVFHEROEESIAT . taskY IELD QAN ds ATl U B G AR 55, AN 48 BIAAT 25 1IN
[ HERL */
taskYIELDQ);

EFHER 34 6 10 F K5 AFIES KBS

FEFPIR 5 35 JEBL 1 B RAS AT 55 AR S . BERASIAT 51 E T 100 220 (1 BH ZE 8 I I
6], BrLLes it N PHZERS DLAE R RO B A 2. — ELRA S h 8 foc 2, sl B R
Hn o H A A N T 100 200, WAESSR S MERRRLZE . AEAI, Rkiz A2
YL 100 Z RIS, UM PIAMESAEAMSHE R o S K

FreeRTOS
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static void vReceiverTask( void *pvParameters )

{

7GR R, H TRAE NS TR B s . </

long IReceivedValue;

POrtBASE_TYPE xStatus;

const portTickType xTicksToWait = 100 / portTICK_RATE_MS;

/% RARSARIRAEFIENGIR . %/
for( ;; )

{

FreeRTOS

/7> RS RIVAI—H 2, B AATS-K S R ER NS N A F s soc. >/
i f( uxQueueMessagesWaiting( xQueue ) =0 )
{

VPrintString( "Queue should have been empty!\r\n" );

7% NG b B
A BHUBE O IAGY . \FAE RIS 52 O O T DA T I AR S5-40T

5 A SHUE AR B (i X ik, A B AR B IReceivedValueffiihl. AR BRI
A HSHh e R RAR RS, T AT AL RN R B O i

B SHOE TGN I ] — 4 ASASI,  AT55 % N ZIRAS LS AT B AL Al &=
portTICK_RATE_MSH k¥ 100 Fh i} Iy [A) 46 45 2 LA ZR G800k Ay 5407 1140 I TR

*/

xStatus = xQueueReceive( xQueue, &lReceivedvValue, xTicksToWait );

if( xStatus == pdPASS )

{
/* NI AR, T k. </
VPrintStringAndNumber( "Received = ", IReceivedValue );
¥
else
{
/> ZEfr100ms B A BCEMAT T Hd
WIRAEAERE S, DA RIEAT S AE AT AT A h 5N B~/
VPrintString( "Could not receive from the queue.\r\n" );
¥

REFPIE S 35 4 10 P EIIERASIAESS SEBLARAY
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FEFFIE 8 36 1 1 main()pa Bt sl FAE R Sl BEas 2 i G 17— BRI =
MES o RERESS DL EH B3 BB S B EAEAEMTIN A A AT 2§ Hudls
G, ARSI Tl EURA7 5 2 5 4 long BUEIBAAT

/* FEU—ANEA, xQueueHand e HyALR . HH T ORAFIAZI ARG, DME —=AMESHE LG AT >/
XQueueHandle xQueue;
int main( void )

{

/> GIER I TOR A7 B 22 5AME, Rl PO AT L B8 1) 2 AR A — A long AR i >/

XQueue = xQueueCreate( 5, sizeof( long ) );

if( xQueue = NULL )

{
7 QIS BAIIMESS 52, AT55 N LS EH TAL 3 & BB AI B . T LA—AN Sl A AT BA A Rk
100, i 55— AMT55 S A A BA A 2236200, IAME S AR SE AR I L. >/
XxTaskCreate( vSenderTask, "Senderl', 1000, ( void * ) 100, 1, NULL );
XxTaskCreate( vSenderTask, "Sender2', 1000, ( void * ) 200, 1, NULL );
7 QAN S ARG 2, = T EARS ISR */
XxTaskCreate( vReceiverTask, '"Receiver', 1000, NULL, 2, NULL );
7 JRANREES, ATSHIEIAT </
vTaskStartScheduler();

}

else

{
7= DA KM/

}

7= WR—DVER, mainQREANIZSHATEIX R . (U REPATEIX B, R AT AR AFHES A L S BUCE

GRS T YRR S 200 T AR BT I E R~/

for( ;5 );

¥

EFER 36 6 10 F/ main() R ELIARE

5 N FE S AERFRAGEEA TR S ] taskYIELD(). taskYIELD ()3 %01 i 2% 37 R HEA AT
UM, AN LA B Y HAT S5 I 18] FE IS o FEAMTS5 1 taskYIELD() S50 T3 H
BEFIBATAS o T ARG IS BIE S AT IR AR S5 O 564, P bA— HH b — AT
WM T taskYIELD(), 71— MEFSKSHEIIAT — A taskYIELD()IMAT 5554 2
FREGAS, I 5 —/MESBENZATE o KR ] A IX P AT 55 50 B AT A 21 i 4L
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i A 21 sl LA 261 10 94 45 2R

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

B 21 %) 10 4R

B 22 JgE7s T A AT IR AR

1 - The Receiver task runs first because it has the
highest priority. It attempts to read from the queue. The
gqueue is empty so the Receiver enters the Blocked state
to wait for data to become available. Once the Receiver
is blocked Sender 2 can run.

Receiver
Sender 2
Sender 1

3 - The Receiver task empties the queue
then enters the Blocked state again,
allowing Sender 2 to execute once more.

Sender 2 immediately Yields to Sender 1.

2

. Time >

2 - Sender two writes to the queue,
causing the Receiver to exit the Blocked
state. The Receiver has the highest
priority so pre-empts Sender 2.

/

4 - Sender 1 wrifés to the queue, causing a

the Receiver to exit the Blocked state and
pre-empt Sender 1 -and soitgoeson ........

B 22 il 10 PR HIPATIRE
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P BAF1%38 R & B R

—AMESS WA B HRIOR A 2 A SOR RIS R 22 W K. Tl RO R
e, it ZERE R KR, TR S FORIE AR E P i b B, — ANy g 75X
OB AS L A R A, SRR R bR ot B8 1 it BRI B B 23 XX —
T AT T DL

typedef struct

{
int ivalue:
int iMeaning;

} xData;
P Controller

Bl 23 ZHAs T A SIEEIN — T EE

ME 23 ol LUE

o QU ABAIIH T ERAF2EAN xData (G MR EEE o0, SRR G BAE T — MK
PEAE AR K & St , P55 R AT BA— IR P AIE BB

o OREEHUESN TR EE R GE T AE . FL 00 B AR SR AL R GOIR
A A AR A

« CAN RZATS5H] T35 CAN B4 L DhfE . 24 CAN S ZAT 5B F AR — AN
SE S HAS IR 5 1 B3 xData S5 PR R R AEERIE S5 . SRR iMeaning
i B3 ] Tk A SRR AT 55 RE XA E S R AT A — KR s ] LUR
o, XN RS BLE R . 5K iValue B3 T BALE A Jedis il 45 i sEL )
SR AR o

o AHLEH (HMIESS HTR BT A AL D DI REREAT B o e s # A1 53 nl REE i % Fof
Ji AT A 2 AN S HCE W, AHE TS5 5 ZEXRR L B A AT R O F bl 24
Pl BN a2 Ja , ABLEE D45l xData 2564 fir 2 ik B v Ry 55
ZikRIY iMeaning B B3 Tk PRI S5 SHIE XA Ei 2 HER AT A1) —
P R R ] AR Y, XA & ST S B e . AR iValue /5 i L
ik SR P A 55 JnE BAR ) BB AE
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Bl 11. SRAFIRFEZE / FERAF Rk L H 44

Bl 11 541 10 K01 RS BIHESS LB IS5 UL e A #ie 1, BISEBASIAE
5 ISR TS AIE ST IS e IF HAG] i BAF -3 AE AT 55 Ta) A% i3 45 1 AR 5
B, i A AT R R T i

FEFPIE B 37 Jeon T4 11 T2 B g i ke o

7 E X BFIMER R S5, >/
typedef struct

{
unsigned char ucValue;
unsigned char ucSource;
} xData;

/* FEHP S xData R AR &, Gl A AT, </
static const xData xStructsToSend[ 2 ] =

{
{ 100, mainSENDER_1 }, /* Used by Senderl. */

{ 200, mainSENDER_2 } /* Used by Sender2. */

BFER 37 EXRSIEENEREN, FHAEHERB KR ZEEAG P EH.

FE1 10 HHEEBASIMEST AT e e, BrbABASIA AT — AN LR EEE e,
R — BEE S BE ST S HEBNS, BEBAFIAE 55 S R 5 H A FIAE 55, HENIEA
e ootk 7E6) 11, GRAIMESS HAT e i, PrblBAAIEH SO0 N —H
FEAE TR o X R — BB AL S5 BRI h s e — Bl e, A5 BAAIESS
AL SRR S ASAE S5, SERINIEEE AL B R 5N, a3 AP ZE 25 ASEAFBA
LI ELIEER Y@

REFFIE B 38 Je 5 ASIMESS IS BRI . SRAIIESSFRE T 100 280 ) FH ZE 8 I It
], DUSEAE RS0 I e N BHLIE AR LAAE R BAA S [0 AT 2. REABHIERS S, — HBAF A5 )4y
Mo BOESEAE T 100 ZABAAIAS W ER, R RERBLZE . ARG, KA
I 100 AR AR DL, DR A ST 55 £ AN i A A B 3 H Hictie A i i H A
F A 2 1)
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static void vSenderTask( void *pvParameters )

{
portBASE_TYPE xStatus;

const portTickType xTicksToWait = 100 / portTICK_RATE_MS;

/* As per most tasks, this task is implemented within an infinite loop. */
for( ;5 )
{
/* Send to the queue.
B A SEOEEERIR N EAE AR bk . X AR MAT S AN S Hh RN, BTl BB
pvParameters.

FEASHOE
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static void vReceiverTask( void *pvParameters )

{

/* PN

L AR A LLORAE BA A b 32 Y (R il s >/

xData xReceivedStructure;

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

{

FreeRTOS
Designed

/> EIMTS IR G, Bt LA T RETE S A ST 45 PHIE RS BIPAT . 1705 BAFIT S RS TEAIE
WA s ENBHLZERS, T LA BA ST S5 AT IS BA A 58 il o o LA RA 97 B0 PR e IR AN B0 >4 56 - BB 11
W — ABIPBAINREE N3 */
iT( uxQueueMessagesWaiting( xXQueue ) = 3 )
{

VPrintString( "Queue should have been full!\r\n" );
¥

/* Receive from the queue.
5 A SHURAF BN (A7 2 ) o ATl SR — AN A 28 25 AR/ AR B i

FEABHOE L ZEHBIN I ) — AGIASTE ZE45 e B I 0], [ROh 2 BAAIT 2 LA AEBA A I A 2 15 B0 TS
WA RIS A5 I B2 */

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

if( xStatus == pdPASS )

{
7 BRI, AT B R B R </
iT( xReceivedStructure.ucSource == mainSENDER_1 )
{
VPrintStringAndNumber( ""From Sender 1 =", xReceivedStructure.ucValue);
}
else
{
VPrintStringAndNumber( ""From Sender 2 ="', xReceivedStructure.ucValue);
}
3
else
{
/% BA B EAE . X R R T R, UGS R SR BT I A 4545 BT */
VvPrintString( "Could not receive from the queue.\r\n" );
3
FFERE 39 fl 11 P iERAFIAE S H) L BARHS.
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TR K main()55 B0l HGE R JUE TN s o B A ECR] BLORAF = A
xData R o0, JF HAZH T 5 NSIESS 5 BB IR S AL S . A6 main()
PR A IUARS 2 IR PR B 40,

int main( void )

{

7 QIR NI H TR A7 2 3 xData S M 4R 1.oc. >/

XQueue = xQueueCreate( 3, sizeof( xData ) );

iT( xQueue != NULL )

{
/* NERPIULS A E2A5H],  The
155 NS TAL 3 Rk 2B A i Hedls . PRI e —AMT A BRI — HB A
xStructsToSend[0], 17— ANFEBNFIF-— 5 AxStructsToSend[1] . X PAMT-55 (A 56 41
k2, AT S gk >/
xTaskCreate( vSenderTask, "Senderl", 1000, &( xStructsToSend[ 0 ] ), 2, NULL );
xTaskCreate( vSenderTask, "Sender2", 1000, &( xStructsToSend[ 1] ), 2, NULL );
7 QBT .
BB R AL, AT EAIUTF LT >/
xTaskCreate( vReceiverTask, "Receiver', 1000, NULL, 1, NULL );
7 JRANRERE, RIS MERIIAT. */
vTaskStartScheduler();

}

else

{
7 QISR >/

}

/= W —P)EH, mainQBREANIZSPATEIX R o HAEPATRIX I, AR AT HEAE AT HE 2 A A 3 30 N

RS- ToERN . O TR R A TE 2 00 T A BT TS L >/

for( ;5 );

¥

FEFEE A 40 1l 11 B9 main() B B

A 10 AL, 5 BRAAE S5 AERE AR h 88 =SB TAE 55 D)0, BT DL Rdle 2 ¢
RS ARSI . B 24 s 7] 11 AT AT 14 4520
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From Sender
om Sender
om Sender
om Sender
rom Sender
rom Sender
rom Sender
rom Sender
rom Sender
rom Tender
rom Sender
rom Tender
rom Sender
rom Tender
~om Sender
~om Sender
~om Sender
~om Sender
~om Sender

O ke DD ke (0D ek (0D ek (0D ke 0D ke [0D) ke [0 ke P ke P ke P ek [0 ek

om Sender

B 24 11 MR

B 25 Kb H0E 95 INTHE S e 2 m T BANE S AL e i, AT S AT .
X 25 I VRN R RETE S ISR 12,

Receiver = pmm =

SenderZé

|-

Sender1§

12 13 %6 {7 t8 19 \
t5 J/

b/

B 25 i 11 MHATHRE
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i Z

tl
t2
t3

t4
t5

t6

t7

t8

t9

FreeRTOS
Designed

11 [ 25 (KE SRR
ik

SRS LA EIAT, IFERA h AE R,

HIAFES 1 DRI S AFIES 2. 5 AFIES 2 HEBAF b ki Hdis
HINSES 2 LU SBAFIMESS 1. HIASMES 1 FUCK B S5 AR, 33
BAA13

HAFIMESS 1 VIR S BAAIAESS 2.

HIAIES 2 IWKEAEAS S A S s Hi TS OW, LS SRS 2 ¥
NP ZERS LA A S A R XGRS 5 BAIIMESS 1 FR A3 23T
HISMES 1R EAERSI R G A S s . (Hil A i, BrASBAAIESS 1B
e NFRIER AR IS A R BRI S ASIMESS AL TRRZERS, XA A3 4%
M F AR A SE 4 L BA SR 5515 LASRAT

B BAAIAE S5 BRI e, IR et o A S R A2 e — HLEA )
B, BINSIEST 2 SCENRERRLZE, JF B FERAT L oeg,  prildtdy
BERASIESS o HRASIMESS 2 SRR S AN Kl 3070 B KT BA ST 55 it
HH PR A i 222 1) 5 A BA A — AR o 5 BA A 3 e i i 1 ] taskYIELD(),
HERASIESS 1 i AL BERLZE RS, TV S BAAIESS 2 JRRGUIH &, 4RELih
170

HIAIMESS 2 WKEAERS R S A S s . EBASI G, PTEVE BAIMESS 2 Fe A FH
FERF . PIANGBAINESS P IRIAIIN AL T RHIERS, B A ABIAE 55453 AT

B BASIAESS BRI e, IR et o S R R e — HLEA )
B, BIASEST 1 LB RERRLZE, JF B FERAT L segs,  prildtdy
BERASIESS . HRASIMESS 1 SAEBNS S AN Kl 3070 B KI5 BA ST 55 it
HH PR A i 22 1) 5 A BB — AR » 5 BA A a6 S el i 1 ] taskYIELD(),
HEBASIESS 2 I AL BERLZE RS, TV S BAAIAESS 1 PRI &, 4RELih
17 HAIMESS 1A S A S HBASI i, PrelVs ASIMESS 1 %
NPFHZEA .

PSS BASIATS5FF— KRl I A T BHZERS, i LABEBA ST 55 159 LALEAT o

65
For Microcontrollers;
© 2009 Richard Barry. Distribution or publication in any form is strictly prohibited.



http://www.FreeRTOS.org

2.4 TAEFREESEHTT

U SR BRI A7 At R 2580 B0 RS BRI doe i1 A BA AR AT 3 et ) 48 B i AN 2 5
B AR GAEN b4 P Db el DL o AR 3R Jo it S AE A B Fad 2
ARSI A LA B, SRR BRI R AT I, e 220/ i ft 3 LA
S

1. FEEER R P22 T8 (¥ A B 25

ST AR A, BOAZAMRAS_ERAE P AN AT AR R ANME S5 R I

Ot AR R, B0 DU AT 7 sUARAS 3 A A7 Bt e Akl 2B Sk

o I E, SR A AR AR B AL RIS 2 1, N R SCVFOAEAE 5507 1) 5

HEAAETREE A R et 22 ), FE IR VR AR 55 D7 1)

2. FEET R 1] R A A2 ) A 24T 2K
URFEEHR A I A A2 T2 SIS BE I, R —ME S5 T o Lt AT A
R X B NAF B ORI 5 AN AT AR M55 F 07 R X BUaS Al

DI RO AR S5 A EL s al o DR kU A S0, M BB R AT
EE
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H
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3.1 M

A
f N 2 SE I R GE T BN AN RGBT P AR ) A RN . 2807, LUK M4
AR T AN B AL AE), THEE R TCPNP WS IEAT A PR N) o B A 4RI 2R 55
7 SR B [ Sk AR R A, SR LGS T Ak B S T i 57 P[] 54 AN (] R 25K
TESAIGOLT AT AR S P RINT,  DUIA 31 b5 A S0 A R S g -
1. FAFUTR I 2 2 8 R W 2, AR i A m] DU A 3R
2. A Al RS E A ? PR IRSFIFE(ISR)F AR EEEA 2 K? LU ISR 4MAAT
ALK WHEHT, ISR N 18R
3. FH T an 2] E R OX B ARAE ISR #2/7,  M3E main(YRE7)AR0S ? X Le R 4
] B AE A B do P 1 3G 18 20 Kb 2
FreeRTOS Jf¥A 4 il A S SR BRI S Ab BB, (R4 A T — Lepi PR Al 73
BV N G R FH IR SR s v AP SEBIL, 1 S 7 ANy B, i B e
DB E, R L FromISR”E"FROM_ISR™45 K 1) API pR %5k % A w] AAE
Wk 55 R

A S B T T R 2 VRS LT S
o WYL FreeRTOS 1 API pf H0R] LAFE H W il 25 B A P A T
o FEIR KT T S ALAT ST o
o WA EIHAME FH AEAE T B LU U
o {EAE TRV SR
o Lt fir 7R FH BRI LE i 7 Ml 25451 R b FE s £ N A%
o —L& FreeRTOS FAH 1R FHIM P IlHk B A2
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3.2 ZEIRH W4T

XA _EFSERE

TABAR TR A DU RSN IR T W R AR LA S AR BRBAZE , A TS S
)20 o AR AT BLAE o W iR A B K TAEAE R AT S b g i, IRk B (ISR)
R R P AL DA AR i, AL B AT DL B R (deferred)” 2] — N b B
(handler){1:5% .

QIR BEA W A 3 SRR ) R S, SLAEIR A BRAT 25 A S g T LA e, BAERAIE
JEIR AL PAT S5 BEIN 0 5 RGP I EATS5 . XM, SEIRAL BT S5 5B R B Y ISR
B EE —ADMPITIES, A ESESE ISR T, A4 T AL BEHSLE ISR
e, XM EAEE] 26 L.

3 - Because the handler
2 - The ISR executes. The task has the highest
ISR implementation uses a priority the ISR returns
semaphore to unblock the directly to it, leaving Task1
‘Handler Task’. in the Ready state for now.
ISR ‘=, /1 [4-The Handler Task
a blocks on the semaphore
‘Handler’ i i/ to wait for the next event,
Task ~ipmmt—| allowing the lower priority
Task1 to run once again.
Task1 —) —
TH B W

1 - Task1 is Running when an
interrupt occurs.

B 26 HKHTEIIRAMES, BREES—MES
IEIBAE AT S5 X —ME 5 AT FHZEVE ) "take RS2 HE AN BHZE A LAAE
PR MR A S, ISR MR AME SR give B AE, (A EIR A BT S5
R EREELZE, TS AE GE IR AL BRAE 55 43 ZUAH I R b 2L
SR (Taking, i, 238 % UL FE N IRE) " A1"45 1 (Giving) ™ i 5 i ML B 3F,
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FEAFNN S EFAFERE S LG SR AES, G S EERT A P()
B, gy AR S REAER T A VOB

PEETE: P A 4iE Parsseren, RIHGE Pass; V ¥ H % Verhoog, HIJiE
(1) Increment. P(S)IV(S)EAE 2GS =MW IRTFEE, S {558 Semaphore, #H
AT M, DR B, — DRSS, WA EM NS & 15E . P(S)IV(S)
RTFBIEAUTATN:
P(S): IF (S <=0) THEN KARLIEMA S MR AF

S=S-1
V(S): S=S+1

IF (S >0) THEN M 522k i

LERXF W R A S TE T, A5 5 al VR A2 — MR 1 B ARSI i T
% H e A — MR 50, P DA 2 WA (T I A1) o B IR AL 2R AT 55 H
xSemaphoreTake ()i, 25Ty BH € i [a] M sz BN A, S A B 4 25 (R UG AR 45 Ik N
PHEER . M RE)S, ISR faj kil il 8 Fl xSemaphoreGiveFromISR()SCE — 14
FR(E SR BIBA A RO RS . X AT A IR A FAT- 5 U B2, IR
B4R, AHAF B IR BN e TS SE U IS, RIS, RIRBAI R =,
BEANBHZESS, 55 W& BAREER 27 iR

W 27 pos, W HTE SR, HERRIEE SR IR e s AR
SAERIE 5 8 JE A R . IZAUE A AT 4 UL G B 5 325 B, 1X g
S R GOE IR R, UM e E 5 5 RIS & KA E A e & T,
1453k 3 (Take) Tl S 2 Ja, WAFF45(Give) [l k——n[m] 55 DY FE ik —FF
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vSemaphoreCreateBinary() APl B %
FreeRTOS 1 &-F5E 5 /& I AR A7 75 xSemaphoreHandle 8 ()47 &1
A s B2, A elEE. GF EHE T E AN
vSemaphoreCreateBinary()AP| ¢ % 2

void vSemaphoreCreateBinary( xSemaphoreHandle xSemaphore );

2P 41 vSemaphoreCreateBinary() APl B3

# 41 vSemaphoreCreateBinary() =%

WA filiik

xSemaphore SIS 5 &
TEH Y 2 vSemaphoreCreateBinary()7E s e —AN%, FrLh

o T EACR N Y RN, ANRARIE . ARE A5 A b K K7
BInl T2 %34T 2.

2 (55 APL SRR b AU SELIN, TSR BB AT b B3 2 1 7 6 B L o B
FHAK
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The semaphore is not
available...

.50 the task is blocked
waiting for the semaphore

nterrupt!

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

xSemaphoreGiveFromISR() Eﬂ

nterrupt!

xSemaphoreGiveFromIS@—) @

\({ask
,(SemaphoreTake()

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

ask

xSemaphoreTake()

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

—

ask

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.

FreeRTOS
Designed

B 27 EA—AZERSELIESSTHRD
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xSemaphoreTake() APl BR#L
“ii 7 (Taking)”— /M5 5 &= A "3k E (Obtain) 2" i (Receive) 5 5 & . KA 41
SR IR A ] DL IR E . RS HLE S B AR Y, xSemaphoreTake()%5 [Tk P()
AR
i 5715 B (Recursive Semaphore, BE3& NG5 8, 200 % U5 |
AR m)Ah, P KRB A5 5 AR AT LU H o6 £ xSemaphoreTake ()oK 3k B .
{H xSemaphoreTake() A~ G £ Wi Mk 554512 H 1 FH

portBASE_TYPE xSemaphoreTake( xSemaphoreHandle xSemaphore, portTickType xTicksToWait );
FEFFiE M 42 xSemaphoreTake() APl BR#URE

# 13 xSemaphoreTake()Z:$ [ iR [Al{E

ZH ik
xSemaphore REAT 255 &

&5 B8 e X xSemaphoreHandle 28 A8 &5 H . 5 5 B AEE
FRT 2050 4 .

xTicksToWait RHLZE B IS R) o AT 55 HE N P ZE &S DLEERRE 5 8 S0 K]

iR xTicksToWait 4 0, I xSemaphoreTake()7EfE 5 = LA &
RYAH B3I

BH ZE IS [R] A2 LA AR GE Lok R A BT ], B LA I TR R e T R G0
A% . H B portTICK_RATE_MS 1] DL FH KA O Bk I 7] 87 2
H BB I [A] FRLA

an B xTicksToWait ¥ # 4 portMAX_DELAY , Jf H £
FreeRTOSConig.h #1#% & INCLUDE_vTaskSuspend 4 1, J54FH
FE SR B R IR R
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A ES A AT BE AR B AR
1. pdPASS
HA =M 2R M) pdPASS, IS I3k i 5 i
RV E T B ZE RIS I 1] (x Ticks ToWait 3 0), 7 R HUR [ 2 JiT AR5

R A% IR 28 S VRS 5 AR WERAE - I BRI 5 R4
AT IR TIERIG 3R 7] pdPASS.

2. pdFALSE
P NIIEINCI Ry
TR e T BHIEAB I A (xTicksToWait JF 0), 7EREGR [P 2 FiifE

WM 7% B P FE S LSS RS S A 3. (HEBEIAS 5 Rtk
WNER, USRS S5, &1 pdFALSE.

xSemaphoreGiveFromISR() APl &%

B HJF AR 5 & A, FreeRTOS 3CHF I I & KR A5 5 & # ) LU i o
xSemaphoreGiveFromISR()4: i .

xSemaphoreGiveFromISR() & xSemaphoreGive() Ik 20, 4 11 T rh W ik 55
e

portBASE_TYPE xSemaphoreGiveFromlSR( xSemaphoreHandle xSemaphore,
portBASE_TYPE *pxHigherPriorityTaskWoken );

FEFFiE# 43 xSemaphoreGiveFromISR() APl B3
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% 14 xSemaphoreGiveFromISR()Z: 4 5 i& [Al{&

W4

xSemaphore

pxHigherPriorityTaskWoken

AR [FEL

FreeRTOS
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filiigd

555 hE X b xSemaphoreHandle 257 {45 55| 1] .
ERCE RO P B il

MHEAMETRINE, TR AL AT AL T BLZESAE
SFEHAN. T xSemaphoreGiveFromISR() £ il15
SERANA, FrUlsibH AN ST 55 V) H B JE
A. WHAA xSemaphoreGiveFromISR()fii#4—AMT:
SSRRRBHLZE, IF HIXAMES AR e 4 T i A1 55 (k.
WP I4ESS), 54 xSemaphoreGiveFromISR() >
R BN B K *pxHigherPriorityTaskWoken  # 4
pdTRUE.

W % xSemaphoreGiveFromISR() # It {H & K
pdTRUE, JIAE A IR HY Fi . 34T — 2k B R Se)#ie
AL A R ORUE H BT 1542 3R (] 21t 28 AT 55 A S P b
AR

A PN AT RE IR IR [

1. pdPASS

xSemaphoreGiveFromISR() I i k3 .

2. pdFAIL

WMRE TR/ OLAN, LikgH, Wk pdFAIL.
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Bl 12. FIAZ(EF S EXHEL P WHEAT RS

AAGIALE Bl 55 9 R P A — AN A A5 5 LT 45 I BHZE 2 vh D) 48 Hh Sk —— 3k
R T UATS S P EAT RS

— AN WA S5 F TR 500 A0 A — AN R BT, 2 BT LR B
Wi, ZPRCYEREUR) DOS M, MRMEHAZE— D EIER IRQ Tk MHZ T, MK
PR B (43 2 . FEIFE B 44 WX FUVUT 45 1 SEIARAS o T ZEUL I 2, AT
AT HE PR TR S A AT BV — N A R SRR T DA AR 2 AT S R
WHE T H A FE 7 (AT IR o

static void vPeriodicTask( void *pvParameters )

{
for( ;; )
{
/* BATESS IS 0 0 R0 ) A AN IR rh Wk AL i A %/
vTaskDelay( 500 / portTICK RATE MS );
/% PR, R A BT JE AR R, MBI T AR B E AT *+/
vPrintString( "Periodic task - About to generate an interrupt.\r\n" );
_asm{ int 0x82 } /* X4ILM)" Al +/
vPrintString( "Periodic task - Interrupt generated.\r\n\r\n\r\n" );
}
}

FEFRIEEL 44 fIL2H T = A e 0 R A 45 ST

FEFPIR B 45 I IR A EAT 55 (K RAR SE I —— AT ST A A5 5 S
A BREAT RIS o IXAME S5 AR R AR 3T BT — M R IR R RIRE
W] LAERRFR AT E 45 R P DU AT 555 P T AT AR

static void vHandlerTask( void *pvParameters )

{
/* As per most tasks, this task is implemented within an infinite loop. */
for( ;i )
{
/* MG S SRS B9l ER a2, WHIAES AT 2Tt CAteld . 54 T0E
W RHZE, B DAL R 50 A A S TE SO IUE S i G A iR Ml AR AT U BT IR [FME */
xSemaphoreTake ( xBinarySemaphore, portMAX DELAY );
/* FEFPIZATRIIZ B, SR B R A AU SEE b B R R gt —AME R/
vPrintString( "Handler task - Processing event.\r\n" );
}
}
BB E 45 12 FERAFATE EIAE (TS5 P WD)
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FEFPIHE . 46 I TP W RS- IRE, XA R EIE R h WA PR Y . 3X BoA RS A
AR D, OGRS — MG 55, DARER AT 5 AR HZE o i =0 B o] 4
F 241 pxHigherPriorityTaskWoken [, XA~Z%{1H xSemaphoreGiveFromISR()
A4 BB pdFALSE, W1 RAE T I 56 UG 4% o pdTRUE,  URFEEREAT — R R SCy)
e

A BT R S5 B RE (R TR, DA R R S i B 9 %2, #0255 Open Watcom
DOS “I-&i#t, SHETERBE RSN, X TEEEHKG, H2%
XA demo N HTZRY,  DLH R IR TER 2K .

static void _ interrupt  far vExampleInterruptHandler( void )

{

static portBASE TYPE xHigherPriorityTaskWoken;

xHigherPriorityTaskWoken = pdFALSE;

/* 'Give' the semaphore to unblock the task. */

xSemaphoreGiveFromISR( xBinarySemaphore, &xHigherPriorityTaskWoken ) ;

if ( xHigherPriorityTaskWoken == pdTRUE )

{
/% U AT DA RS S5 S AT S5 AR R B ZE . Qo SR H B2 (AT 25 AR S0 2 T 24 i T 45 L
9~ SRIEHEAT —IRAESS DI, DA OR T B BB IR R A7 H B 2E AT 45 (EZ R =) o

B AESERRAE M, TsRASRE_L R SCUIRIK R MO T R AR A . AL T K /23 T Oopen Wat com DOS
BHRIZE . e A NIRRT A ARRIERER . X T SEhE 6, S mEos N A 7R
IR, VAYE IEMITEE T 5 o

*/

POrtSWITCH CONTEXT () ;

TEFPTEE 46 M 12 FPERAA TR R TR 507

main() ek IR i 51, QU AR 5B MRS, AP IR IR, X5 R s ds .
HARSEIZ WARFFTE B 4T
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int main( void )

{

/* A5 T BT AU B . AP T A T EE TR */

vSemaphoreCreateBinary( xBinarySemaphore ) ;

/* ARG HIRE */

_dos_setvect( 0x82, vExampleInterruptHandler );

/* KA S BRI */
if ( xBinarySemaphore != NULL )

{
/* OV IEIR AT S o AT S5 RD . ZEIRACPIAT S5 AE QI AT T AN At e 2, AR
HRWTE R SO I HAT . FEARI R, HREIR A FAT S T3 +/
xTaskCreate( vHandlerTask, "Handler", 1000, NULL, 3, NULL );
/% BlEE—AMES T IR AR A h . AR SS IAR e AR T B iR A BT 55 o B M AE IR A FRAT 55 D
PHIERS, whasttdy TS5+ /
xTaskCreate( vPeriodicTask, "Periodic", 1000, NULL, 1, NULL );
/* Start the scheduler so the created tasks start executing. */
vTaskStartScheduler() ;

}

/* WER—VIER, main () REASPATRIZE, KOYHEZS CLITHRIZITES . (HUREFIE TS TR,
IRATREZ 1 T RGN AR TCE B B WSS . SR MR 2 R T IR R «/

for( ;; );

REFPIEE 47 ) 12 FPE) main ()R BSE IR

B 12 14 45 R 2 DL 28 MR A, SR AL FRAT 551 b W 2R Ja ST BT

Fir LASEAR Kb BEAT 55 (10 i 1 A5 SR P SR 55 (1 P 4 A L 20T B 29 T it e 4 Hh
TRE PR
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C\WINDOWS\system32 \cmd.exe - rtosdemao

Handler task — Processing event.
Feriodic task — Interrupt generated.

Ferodic taszsk — About to generate an interrupt.
Handler task — Processing event.
Periodic task — Interrupt generated.

Perodic task — Ahout to generate an interrupt.
Handler task — Processing event.
Feriodic task — Interrupt generated.

Ferodic taszsk — About to generate an interrupt.
Handler task — Processing event.
Periodic task — Interrupt generated.

Perodic task — Ahout to generate an interrupt.
Handler taszsk — Processing event.
Feriodic task — Interrupt generated.

B 28 il 12 ARAFEHATEIH 45 R

3 - The interrupt ‘gives' the semaphore, causing the Handler task to

2- The Periodic task prints fts first unblock. The interrupt service routine then returns directly to the Handler
message then forces an interrupt. The task because the Handler task is the highest priority Ready state task.
interrupt service routine executes The handler task prints out its message before returning to the Blocked
immediately. state fo wait for the next interrupt.

Interrupt

Handler

Periodic

lde .~ - N
1 2 Time V\

1 - The Idle task is running most of the

time. Everly 5.00m5 its gets pre-empted 4 - The Periodic task is once again the highest priority task - it prints

by the Periodic task. oul ils second message before enlering the Blocked slale again lo wail
for the next time period. This leaves just the Idle task able to run.

B 29 fl 12 FRBHHITRE
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33 HHfEEE

B 12 WO T — A AHE SR TS AR Mg AT [ 20 o BEAS AT IR AR AT DA

A

1. Hr A

2. "PWIIRSGIREE B, 4y S S i DUl RE IR A BEAT 55 R FHL 28

3. GRS BRI I, SEIRALBIAE S5 RIAT o SEIR AL PRAE S5 o — R S 2
RIUE S

4. JEIRACPRAT S5 58 b Wr S FAb RS , 3k B ORI 5 e —— W R N 5 50 RL
RS UIN B A SR AT R

75 T DU A0 IR AR A AR I DL, TR (R R A2 AR T 52 26 11 o T 2R AR
HEIR A FAT 45 5 i e — A W SR AN EE 2 R/, B W SR SORAE T, SR TR
HOFBA A A S mp, (S R BT S5 AR A 5 b AN FEZ S, LRI LAk
BB Bt U, B FAESSAE IR S B 1], AN ZES L2
KM A 5 P — AN FHE, BTLL 4 xSempaphoreTake() I F I, {55 EAr BRI 3% .
X TR AT B 30 kAT .

{EE 30 P LLE S, —ANAHE S SRS H DU — S W B
PR R Z |/, WRIEA Rk A, A GERAENRW S A ER. R
FIVHEE 5 B —EAE S i, B4, Sl (K T4 nl LA e 4o

SR AT Al DS e 5 A 2 AT s oo B, TH S ]
LA AR KT 1 I BAS o AT 55 FL S0 BA A Fp A7k 1) R AR D F AN % FLR

LSRR AR
VAL SRR L1 (Given), JEBABIS I 53— A2 L S G . BB 47
HOHR 2676 MO R 15 5”5 (Count) .
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FreeRTOS

L1

The semaphore is not

available...
...50the task is blocked
waiting for the semaphore
Interrupt
xSemaphoreGiveFromISR() @]
An interrupt occurs...that
‘gives’ the semaphore. ...
ask
Interrupt \
xSemaphcreGiveFromIS@ ‘].1 @] xSemaphoreTake()
...which unblocks the task
(the semaphore is now
available)

ask

El xSemaphoreTake()
@

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

ask
Interrupt \
H
xSemaphcrereFromlSRﬁ ‘Jq m .
Another interrupt occurs while the task is still — :
processing the first event. The ISR ‘gives’ The taskiis still processing
the semaphore again, effectively latching the the first event.

event so the event is not lost.

ask

xSemaphoreTake()

When processing of the original event completes the task calls xSemaphoreTake()
again. Because another interrupt has already occurred the semaphore is already
available so the task takes the semaphore without ever entering the Blocked state.

B 30 —AZMERSERS RRME— I TEEYt
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[The semaphare count is 0

The task is blocked waiting
for a semaphore

frterrupt [The semaphare count is 1]

xSemaphoreGiveFromiSRO—t | [ | | -Zl

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

Interrupt [The semaphore count is 1]
xSemaphoreGiveFromISRO—Y| [ || | @]

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

[The semaphare count is 0

ask

xSemaphoreTake()

...that now successfully
‘takes' the semaphore, 50 it
is unavailable once more.

fmterrupt [The semaphore count is 2]
xSemaphoreGiveFromISR()

Another two interrupts occurs while the task
is still processing the first event. The ISR

‘gives’ the semaphore each time, effectively
latching both events so neither event is lost.

ask

The task is still pracessing
the first event.

[The semaphore countis 1]

H—”—H —ﬂ %xSemaphoreTake{)

ask

>@®

When processing of the original event completes the task calls xSemaphoreTake()
again. Another two semaphores are already ‘available’, one is taken without the task
ever entering the Blocked state, leaving one more ‘latched’ semaphore available.

B 31 FATHESEXNFMH “HrH(Count)
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Y AT BRI R R

L Ffis
FERXAIE A, B AR AN, hW RS BIRE A 2 45 i (Give) 5 S ——fF %5
EAERF g 1IN T B IN 1o GEIB AL BT S5 AL B — AT 5 "3k X (Take)™— I
i 5 S RAE RN A SUE 1o 55 RNV S e © R A F AT
% H 5 CAL PR R H 2 I I ZE{E . XML AT A2 B 31,
TS BT B S, e B N Ha - B E gt ante s 0.

2. WU

TEIXFp 2, 55 IR A T 3mSR I H o —AME S5 SR U 1Y
PERIAL, HAUESRAE 58— E S BN EUEW 1. 98U S 0, WIERIRE
AR BESAMAREER TR, Ka il 0710) (55 —E 5 BT EUE
.

FI T B8 U5 BRI A5 5, e QI I BB B A6 mT B85 . 5 DY 0
TS 5 R P

xSemaphoreCreateCounting() APl B %}

FreeRTOS ' Ty iS5 5 B AU 1 75 B 0 xSemaphoreHandle ZR8Y 32
TRATF-o

SR AR T AT L A e B 2 . 18 xSemaphoreCreateCounting() AP & 5K 6]
M S =

xSemaphoreHandle xSemaphoreCreateCounting( unsigned portBASE TYPE uxMaxCount,

unsigned portBASE TYPE uxInitialCount ) ;

FEFFER 48 xSemaphoreCreateCounting() API R #R A
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% 15 xSemaphoreCreateCounting()Z %t 5k bl

SR

uxMaxCount

uxInitialCount

AR [FEL

FreeRTOS

g
RV EUE . R EUE 5 =& 2R T BABII1E, uxMaxCount {H
il A2 BAB ) B R JE

AU S B FE A B FAF 5, uxMaxCount #t 7t 1]
BAF A F IR B REH

MU E T = H T IR U R T B 1S, uxMaxCount W
ik BN T A A R I R A

5 RN T BUE

MiE S EH T HA LS, uxinitialCount B 4% & 0——H
4GS B O, BB FH A A

M fE T E T RES H O, uxinitialCount [N X4 25 T
uxMaxCount——[X 4 45 S m g GRS, Brf i JRER & nl .

WERIR A NULL {6, o ENAF2S AL, FTLL FreeRTOS JEik
ME S EEH A FEE S BRI B L EA R
A7 BT TR £ B

URIR AR NULL {6 WRoR S 5 A8 . HeE N S g fr 7t
KA XA S B A
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B 13. FIH T S BIAES A WrdtAT 7P

B 13 TS S A AEAR SR 12 ST T ik . B2 main() e £k
1 H xSemaphoreCreateCounting(), LAE# %} xSemaphoreCreateBinary() 1A H . #
(¥1 APL I HI AR S . 49 BT«

/* AR S R Z AL AU EE . AR Al 7SS SR RS RERTHEE 10, WIHTHEUE 0 */

xCountingSemaphore = xSemaphoreCreateCounting( 10, 0 );

FEFFIER 49 {#/ xSemaphoreCreateCounting() SIE— 4 HEESE

N T BRI AN EAE LLERR R, BT WIS BIRE, AERER R 2 g
(Give)'f5 5 & . FEANFHAHBAT 2G5 BV BUE A« &S50 1 TR 2S5 RE I FE i
B 50 i,

static void _ interrupt  far vExampleInterruptHandler( void )
static portBASE TYPE xHigherPriorityTaskWoken;

xHigherPriorityTaskWoken = pdFALSE;

/* 2GR TR RGN A E B AL PR AR SR BR B ZE . )5 e L H) TR AR S A r g4,
DA SE R AL BEAEAR] 4 P o T 2 rp T A AT A PR AN Z b T TR 7 sORBHUAL PGS = AL 2 A b,
LA LU A SR W B Sk )+ /

xSemaphoreGiveFromISR( xCountingSemaphore, &xHigherPriorityTaskWoken ) ;
xSemaphoreGiveFromISR( xCountingSemaphore, &xHigherPriorityTaskWoken ) ;

xSemaphoreGiveFromISR( xCountingSemaphore, &xHigherPriorityTaskWoken ) ;

if ( xHigherPriorityTaskWoken == pdTRUE )

{
/* g E TR AT A R AT S R AR S AR R BELZE o o SR L BEL ZE AR 55 (A S 4 s T 24 A 45 1t
G — IRBIHEAT - UATSS U, DA OR TP Ik R [ AR LS 1A 55 (LI B ) -

VeI FESCBRAEAI R, TSRARE] LR SOOI M T BAREE A . AR ] (/23 T-open Wat com DOS
BHRE . e A NIRRT R AR RTERER . T SEhE 6, S mEos N A K7
BIRERS, CLYE IER IR ERIRT S

*/

POrtSWITCH CONTEXT () ;

FEFFIRH 50 B 13 H [ TR & Bl AR SE LG
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He R ) 12 ARy, R

B 32 Jigs 76 13 Mt 4R . T U2, SRR LR, SEIRARBAE
G5 RC BT A W 2R RSP A P = A SRR AU R ] ISR A B S T R
DA SE IR Ab AT 55 7] LUK E A K AT Ab B

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

Handler task — Processing event.
Handler task — Processing event.
Handler task — Processing event.
Periodic task — Interrupt generated.

Perodic task About to generate an interrupt.
Handler task Processing event.

Handler task Processing event.

Handler task Processing event.

Periodic task — Interrupt generated.

task About to generate an interrupt.
» task Processing event.
« task Processing event.
» task Processing event.
sk — Interrupt generated.

About to generate an interrupt.
Processing event.
Processing event.
Processing event.

B 32 # 13 mBgsR
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3.4 FE A W AR 55 72 A A BA S

xQueueSendToFrontFromISR(), xQueueSendToBackFromISR()5 xQueueReceiveFromISR()
539 /& xQueueSendToFront(), xQueueSendToBack()5 xQueueReceive() ) B2z 4=
JRAS, LTI RS R
Ao E M T EA RS MBI LU TSR, 36 nT AR R AR s A .

xQueueSendToFrontFromISR()5 xQueueSendToBackFromISR() APl B %
xQueueSendFromISR()5¢ 4= %% AT xQueueSendToBackFromISR().

POrtBASE TYPE xQueueSendToFrontFromISR( xQueueHandle xQueue,
void *pvItemToQueue
POrtBASE TYPE *pxHigherPriorityTaskWoken ) ;
BEFER 51 xQueueSendToFrontFromISR() APl ¥R %

POortBASE TYPE xQueueSendToBackFromISR( xQueueHandle xQueue,
void *pvItemToQueue

PortBASE TYPE *pxHigherPriorityTaskWoken

FEFFTER 52 xQueueSendToBackFromISR() APl E#R Ay

# 16 xQueueSendToFrontFromISR 5 xQueueSendToBackFromISR()Z % 5 & |7 {H

S it
xQueue HARBAB B A4 . XA RIZ I xQueueCreate()
GBS (1) 3% [
pvlitemToQueue RALEGI TR ET o JLHR R 2200 2 H ARBA S o (1) B
LTS

HH AR BA B I ¥ B T BAS s oo G, LA
23 IAZFEET Fi In) (1) 20 1] 52 a1 0SB K B2 1 s 21 BA A1 (1)
AEf X 35K
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pxHigherPriorityTaskWoken

1R R

ARSI

XFHRABAIIT S, AT REAT AN 1h—AME55 A T BHZE S AR 5%
FEIHEHE A R . A xQueueSendToFrontFromISR()
8¢ xQueueSendToBackFromISR ()£ 1ifi 15 b\ 51) %5 4 A%
NARG Frblesib rp — AN ERHMES DI BLZE RS . Wk
P FIZ AN API BB AS—ME S AR EREHLZE, I HIXA
TS IILSE D i T AR 55 (Bl 2 B Wi AR 55),
2 AP 27E RN K *pxHigherPriority TaskWoken 1%
4 pdTRUE.

RIS AP R ECK A 13 4 pd TRUE, NIZE 1 TR
HRT N AT — R LR SO, IR A B ARAIE P R B
IR B2 5 2 AT 45 P e et i AT 45 R
HA ] BEIR A

1. pdPASS

IR0 pdPASS W& —Fhig il Al S B i e oh A 328
B A o

2. errQUEUE_FULL

g S Hy T B A 0 TG iR s N, U R i ]
errQUEUE_FULL.

FreeRTOS W KZ % demo N IFE A th Al & — M 5L/ UART 3x3h, i A
HURE AL 3 3) AIR T W R, ABALE FH BA SR 55 B b i B o A s HE R o A% B
B (AR T HE L BA A BBk A 3 . IX U UART BRB) X RSB 7 50U Bl 1 o
TN AT R T R A BB o SR R BB AR 8 B A AR AR R AR
BRI S AT LU R 2 A @O A= AR o S8 B B FH ol LR R ik
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AU 5 3

© KRR TR A B A

Wi, IS 5 B ME S ARERELIE,  IXAMEST RN T AT G A AT AL PE
o FEFPIR ST P R R R A, AR BA SRS A BT e 2R i A5 2 1 iy
LB BAESS (5B 23 H R 9 5 TUSRABL) o SR H - 0 dhs it RE S DRI e A

107 Rey

o SRR B AR AT AT AT DU W 55 e

1 14. T FH BAFULE A i i 25 AR RO R

A i s A

xQueueReceiveFromISR(). I HI—+F, KHBAFH W LLU7 528,
Qg — AN EMES T8 200 ZR ARSI RIE HANEUE, HANEUEER R LSS5

i r=A—

ANERAE W IE S5 1 S IR 2 IR IR . 53,

static void vIntegerGenerator( void *pvParameters )

{

portTickType xLastExecutionTime;

unsigned portLONG ulValueToSend = 0;

int i;

/* Vst AR E, T vTaskDelayUntil (). */
xLastExecutionTime = xTaskGetTickCount () ;

for( ;; )

{

FreeRTOS
Designed

/% XA FIINEARSS . FEABLIES, HENZHIOSITININZ]. AR5 RE20022 M AT —IK +/
vTaskDelayUntil ( &xLastExecutionTime, 200 / portTICK RATE MS );

/* EEETIRIGLBIHAE RIS o X ICHEREAE TR IRE szt PRI S5 B RE 2 e A 1

LABE AT 55 1T LA DR T R AR AR BB S o PRIHEAN TS 245 52 FHZE BRI IR [  /

for( i = 0; i < 5; i++ )

{
xQueueSendToBack ( xIntegerQueue, &ulValueToSend, 0 );
ulValueToSend++;

}

/* AR, LR IR S IR A */

vPrintString( "Generator task - About to generate an interrupt.\r\n" );

__asm{ int 0x82 } /* This line generates the interrupt. */

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

BFER 53 Bl 14 5 RAFIES LIRS
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o W7 R 45491 75 2 45 3 ) xQueueReceiveFromISR(), B 345 5 W4T 45 5 2 A 51 () %k
E#A L, OB S . BRI I BUE WA PIAL ) T — AR R A &R 51
PRI B 745 B R EKE L 5 ] xQueueSendFromISR() A% 8 5 —ANBA A .
T e 25 911 R 11 S IRAR S S R g . 54

static void  interrupt  far vExampleInterruptHandler( void )
{
static portBASE TYPE xHigherPriorityTaskWoken;

static unsigned long ulReceivedNumber;

/* AT R A A static const, MARUEEAIASHOE M B TSRS ], BT TSREATIZAT EA B 247
TER] */
static const char *pcStrings[] =
{
"String 0\r\n",
"String 1\r\n",
"String 2\r\n",
"String 3\r\n"

}:
xHigherPriorityTaskWoken = pdFALSE;
/* TEEPIT, HINATIR +/
while ( xQueueReceiveFromISR( xIntegerQueue,
&ulReceivedNumber,
&xHigherPriorityTaskWoken ) != errQUEUE EMPTY )
{
/* WS EdE, RPN (IS 033) ARER RS B EAF B EREN AOE B — AT */
ulReceivedNumber &= 0x03;
XQueueSendToBackFromISR ( xStringQueue,
&pcStrings[ ulReceivedNumber ],
&xHigherPriorityTaskWoken ) ;
}
/* AN S B B MR BR L2 AT 55, LU & T 2400552 s, WIHTATES L seoie «/
if ( xHigherPriorityTaskWoken == pdTRUE )
{
/* B FESEBRAEA T, TSR] ER SCUMR R AR T R AR . AR R 2 L T open Watcom
DOSEAEIN . e & F I T e A A R FEVEZER . X FSEBR T &, WS nEos N A
HIRBIFET, DAk IEf BRI . */
POrtSWITCH CONTEXT (0N
}
}

TEFFIEE 54 {5 14 f-P TR 5 I R SEBRARAS
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T3 MMESS RN W IR S5 B RE A H I 55 e it o AR 555132 A S I A FHL 2
FLRIBAI A SRR, TRRRBC R 545 B3 4T BVt o S BARRS 25 IR i 3 55

static void vStringPrinter( void *pvParameters )

{
char *pcString;
for( ;; )
{
/* Block on the queue to wait for data to arrive. */

xQueueReceive ( xStringQueue, &pcString, portMAX DELAY );

/* Print out the string received. */

vPrintString( pcString );

EFEH 55 6l 14 TP R EREES L, LUk B TEREFIRK RS, HITEH

AL —HF, main() e Z QI ASIAE S5, K5 HshiEds. WARFHE$ 56.

int main( void )

{
/* B\BME R UE G . AU TS — BT RAF M unsigned long &8s, 5 —
ARSI T ORAF RN char* 285 . AN BASIIVR EE#E A 100 AESERR A T A S 24000 3% [B] {# LA ERBA A1) 613t
L/
xIntegerQueue = xQueueCreate( 10, sizeof( unsigned long ) );

xStringQueue = xQueueCreate( 10, sizeof( char * ) );

/* LTRSS IR, */

_dos_setvect( 0x82, vExampleInterruptHandler );

/* BUEAESS I T AR TP IR IR S IR b R U . ARSI L */

xTaskCreate( vIntegerGenerator, "IntGen", 1000, NULL, 1, NULL );
/* BUEATSS T AN R S5 BIRE FR A A ds, JFITENdRT S o AR5 E 902 +/
xTaskCreate( vStringPrinter, "String", 1000, NULL, 2, NULL );

/* Start the scheduler so the created tasks start executing. */

vTaskStartScheduler () ;

/* WER—VIER, main () REASHATEIZE, KU S CLITRIS 1T . (HAURRE s8] T,
AT T RENAA LM LA E LS. FLEXRMEEZ R T NAEHERGER */

for( ;; );

EFER 56 6 14 FH main(R LI
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B 14 1iaq7hm 2 WL 33 A& bl LA 21, o R 55 00 R B 2 AT A K
LA AT AN, . 2 RS % B 34

\WINDOWS \system32\cmd.exe - rtosdemo

Interrupt generated.

About to generate an interrupt.

Interrupt generated.

About to generate an interrupt.

Interrupt generated.

B 33 %14 B 78H

3 - The interrupt service routine both reads from a queue and writes to a queue, writing a
string to one queue for every integer received from another. Writing strings ta a queue
unblocks the StringPrinter task.

/[4-The StringPrinter task is the highest prionity task
so runs immediately after interrupt service routine. It
prints out each string it receives on a queue - when
the queue is empty it enters the Blocked state,
allowing the lower priority IntegerGenerator task to
run again.

2 - The IntegerGenerator writes 5 value
to a queue, then forces an interrupt

Interrupt
StringPrinter
IntegerGenerator

ldle

1 - The Idle task runs most T i _

of the ime. Every 200ms it 5-The InteglerGenerator tqsk isa _penod|c task $0

gets preempted by the blocks to wait for the next time period - once again

IntegerGenerator task. the idle task is the only task able to run. In 200ms
time the whole sequence will repeat.

B 34 4l 14 MPATHIE
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3.5 FlrkE

5T FreeRTOS BT vk . Wik ET Z4E FreeRTOSConfig.h 1
R LT T FI I — AN B A =
AT P R

i it fiid
configKkERNEL_INTERRUPT_PRIORITY WCE RGO I TR BT 56 2

R AE B MR AW R
configMAX_SYSCALL_INTERRUPT_PRIORITY, HfS
i B I W 4R FreeRTOS AP
(b A s AT RSB 2

configMAX_SYSCALL_INTERRUPT_PRIORITY & '& WA FreeRTOS API 1] Lliz
AT B P T Se 4

G —ANAH ) TR SR TS configMAX_SYSCALL_INTERRUPT_PRIRITY
H L configk ERNEL_INTERRUPT_PRIORITY B i (A /6 2 o X P AU £E 6] 35 W T g7 o
35 A R € | & configMAX_SYSCALL_INTERRUPT_PRIRITY ¥ &N 3,
configkERNEL_INTERRUPT_PRIORITY ¥ &4 1. [A]if Ak e IX R T T — N BA B4
AR IBIL 56 A B il s o 3K LB SE AR A B —FiEE , - ARRT R THAT:
i — TRy T R s 2 A

TEAE S AN P WAL Se G 1A) s 257 A — S8RV . 18 35 P it s g2
IR A SRR AR R B 8 U o TR IT L SE GO I e 4, B IR 25 B R O AT
R HZ R AR IFARIBATAE TP WSS T, B BT AR 55 B A 56 2 S T P W i)
PEAEA 56 2 TR BATATAT C R
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configMAX_SYSCALL_INTERRUPT_PRIORITY =3
configkERNEL_INTERRUPT_PRIORITY =1

Priority 7
Priority 6 7] 3 2 4 R By
— PR 2 AR
Priority 5 R, AT HE
iazpnie | | I
p q L _ riori
FE T — AME tority |
R, BT HE
%= ZF FAPLH
_ HHIISRA R fE
T
Priority 1
B 35 RIS BRI AT N
& 35 Fros:

o KT AES 1B 3(E) IR T At P A B AL T I X N R R e B ZE AT, (H
BATTAT LU FH A 22 4 iR 1) FreeRTOS API e %R

© TS 4 UL BRI WA IR X N, T AN S AR AT AT A B
FE, W DLSZHIAS BT ——IZ 2 B3 o 2 A< 550 h 0 56 20 B E I YsE 1
HWOWE OB OR W MR RE M o oRe (o od ML OHI) & K & T
configMAX_SYSCALL_INTERRUPT_PRIRITY M52, DAARIE T FE S AN 25 He A g
IS I [ 3 BB 5 o

o ANTFE AL FreeRTOS API B85, nLLE Bt R AL e 4.
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X ARM Cortex M3 i P HI— m$gm

Cortex M3 A HIRALSE 5 HE R w28 LI mie g h i, X BAAA MM AH
A FrBMRE S s o WERARAEOS B h Wi ARAE S 20, Wb 25U F — A ple se 4t
SHIE. THOAEG eSS o eIt g s 8ll), PIVRK SR
MW E RSP IWMA RS NS —— W R AN Km T
configMAX_SYSCALL_INTERRUPT PRIRITY, 5 n] it S8R5 It o

Cortex M3 W% AR 56 255, (HEAN[FH) Cortex M3 AbFEAS) 7 SEIL AL
FERALEASARTE], T2 E B PR R el 1 AR 7 2ok SR Wi /e 2. Hetn
STM32, ST WEKshZE R RAEERIEE N 15, M miiEHIGEE N 0.
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4.1 HE%

AL RGP AL — PRI RS o 28— AMESS AR HIZEAS B R R v, RIE %
A58 G W BHR IV e ], ER DI HIZATAS, AR THE—30L AERRE.
LU S S N (7% SIS R O B i =1 20 RN 7 11 o O 4 /LI PAS 4 7 1787 N o o e
I o

DA A2 — 4] 1
1. Vil ahig

FIBUITETE, A MWAMESHEAE A4 LCD 5 Hd:
o {145 AIEAT, FF1E LCD 5 F%FHi"Hello world”.,
o fE55 ABATSS B4y, HULI 45 B A % i 3"Hello w”.
o /14 B 11 LCD 5”Abort, Retry, Fail?”, &5 NFLZES.
o f155 A MR AL AR SEAT 58 BRI 15 45 i i —orld”
LAE LCD BoR IR MR T (17 4F Hi"Hello wAbort, Retry, Fail?orld”.

2. --EERE

PP 8 57 JRBLKE— B C AV AL A2 ARMT Y40 105 . i LA i, PORTA
WA S NN AL B 2 A7 8%, FE A7 P oe B o, ARG S RN A7 X P2 FTis e
- A

/* The C code being compiled. */
155: PORTA |= 0x01;

/* The assembly code produced. */

0x00000264 481C LDR RO, [PC,#0x0070] ; Obtain the address of PORTA
0x00000266 6801 LDR R1l, [RO,#0x00] ; Read the value of PORTA into R1
0x00000268 2201 MOV R2,#0x01 ; Move the absolute constant 1 into R2
0x0000026A 4311 ORR R1,R2 ; OR R1 (PORTA) with R2 (constant 1)
0x0000026C 6001 STR R1l, [RO,#0x00] ; Store the new value back to PORTA

EFER 57 E-B-5AER
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o AR TR, BN S BOEMRAE TR A LSS, TR R AR T R
Wb BB TE, PIMESHGA B EH AN 44 PORTA (¥ A7 U 75 47 2% -

o {155 AT PORTA [W1EINE R a7 A7 o h—— 4 MR AL I B R AE

o HEATS A SEIEANFE I ORI S EEZ 1T, BATSS B 45

o 1145 B 52 HI4AT T 4 PORTA (8 ¥R, AR5k A BHZER.

o 1155 A NHIHE I b 4R 2L HAT . HAB T —A PORTA [¥#5 U1, iXHs HOE i f7

BAEATSS A [0S 5] PORTA 2 1l 8 A543 HIA o

£ A EFIFRS T PORTA 2788l 7EAT4% A SA54% UL o (A
B2, 14 B & T PORTA . M2 G4 A X PORTA RIS #:AE, i
T4E55 B X} PORTA #ATHME AR, BOR LAF I TR T PORTA 547 s I1H .

AR A — AN 25 B AE i A, AR AN T AR I T4 R AR B - 15
A,

3. AEMARE T )

SR AR 2 Ak 1A B, B0 BB AR R K RO T AR R 1 B AR KR
(Lot BB~ 16 AL L) 32 AR )2 AR THRAE IS o WERIXHE K3 gl
W, Rl e T EEERIA R K

4. PRECEN

IR —ARECT LA M 2 AT, BUR AT S b A, XA
PRIHUE AT A

BEAMTE S5 SRS 15 KRR 2 8] S G B SRR A AE A7 2 2 M8 . ISR — N
R T ViR B OARZ R LA BRI SRR AR F ST B, Ay e
R, WX R oS T B R B 58 Al T ANl BRI, i RR T R 59
v W NI EWNE SR L
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/* A parameter is passed into the function. This will either be
passed on the stack or in a CPU register. Either way is safe as
each task maintains its own stack and its own set of register
values. */
long lAddOneHundered( long 1lVarl )
{
/* This function scope variable will also be allocated to the stack
or a register, depending on compiler and optimization level. Each
task or interrupt that calls this function will have its own copy
of 1lvar2. */
long 1lVar2;

1lvar2 = 1lvarl + 100;

/* Most likely the return value will be placed in a CPU register,

although it too could be placed on the stack. */

return 1lVar2;

BFHE 58 ATEAREORG)

/* In this case 1lVarl is a global variable so every task that calls

the function will be accessing the same single copy of the variable. */

long 1lvarl;

long lNonsenseFunction( void )

{

/* This variable is static so is not allocated on the stack. Each task
that calls the function will be accessing the same single copy of the
variable. */

static long 1lState = 0;

long lReturn;

switch( 1lState )
{
case 0 : 1lReturn = 1lVarl + 10;
1State = 1;

break;

case 1 : 1lReturn = 1lVarl + 20;
1State = 0;

break;

BFEE 59 AW EANREORY]
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LEN3s

Vil ARSI, BRSSPI M BRI, SR LR HoR L
DRAE Bt L8 A ] I ORAF — B0k o SRR 1K 2 DR AT 55 AT 40 D7 17 B8 gt LA
fFett, HRXAGRIEKE 258 RS

FreeRTOS &t T Z Ak LUSCHLE v, (HRUF B R U7 CIER TR,
FEAT IR AR 2 k) ik R LB N IR, REAZICE TR, i 25 B
AR I AT S5 Vi i)

AT T ARLL T 2
o NftA, ChARAEAT A WA 06 BEIEAT B U5 B 5 4l o
o fFAJEIEIX
o HJFRAR,
o FEEARERA A= Lo
o Wi 7.
o T A H TS
o (T ARRMAETSH, UL RARSE AR AR S AT ol N (H AN 2 T BR) HS i 1)
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4.2 g X HEER AR S

EAXImAX

FEAR NG FLIX JE 5% taskENTER_CRITICAL()Y taskEXIT_CRITICAL()Z ] (A H
X [a), FRFFIEE 60 & —BitfifLid. Critical Sections ¥k {k Critical Regions.
/% 9 T AR PORTAZAZ AR I VT WAL 1T, A4V I R MO I G X

BN */
taskENTER CRITICAL() ;

/* {EtaskENTER CRITICAL() Y taskEXIT CRITICAL () ZIEALYIHBIHEHES. THhr LT, Wi
g, (2 HRE 62 S T conf igMAX SYSCALL INTERRUPT PRIORITY[M/H T — 1y ELIX 8 AR s 41y 1)
FreeRTOS API PR%l. */

PORTA |= 0x01;

/* BATEZ5EM T X PORTAMV i, PIILT L2 BT IR A X T . */
taskEXIT CRITICAL();

TEFFIE R 60 A7 I 57 DX A5 A7 2R KU IR EAT £R4P

AR e TR T —AN% 4 vPrintString () i A 50, I AAE bR vES H 3845
FRE L, XA FRdER T B2 Open Watcom DOS A] AT F2 R 2435 7 11 . vPrintString()
WA AR BT, BT AR 1 R HS B rp W 24 A5 — Al 5 DO s vy 1 64T
DR WIREFPE # 61 PTs.
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void vPrintString( const portCHAR *pcString )

{
/* fEstdout T E AR, I T DX R AR RS k. */
taskENTER_CRITICAL() ;

{

printf( "%s", pcString );
fflush( stdout );

}

taskEXIT CRITICAL();

/* SVFHEAL R N R IsAT . SRR RS U AT (I RUB AR, A BRI AN BEAT TR »/
if ( kbhit() )

{

vTaskEndScheduler () ;

FEREEE 61 VPrintString ) fRI—FPE] BRI SS IR 5 v

I 77 DX S T T R I — P =l S 1 S B 2 o R 7 DX A AN S T S b 3
A e, B SR SE R AE configMAX_SYSCAL_INTERRUPT_PRIORITY &
DR B0 r ——AR#5 T- B A48 T () FreeRTOS Bft. #0 by 3 1R Se e U m] e A
kb sE R, BTLAE A taskENTER_CRITICALQ) A4S Al AAE P B 2 B (1 I B — A
FRZATA, HEBRHIERX .

I 5 DX s 20 R A AR TR I T, A5 D) £ Js sk Sk 5% ) v W v 12 1] o 7 45 2
taskENTER_CRITICAL()Z &, AU PRHLACE I H — > taskEXIT_CRITICAL()» MIX
ANMAEERT, AR H 10 DRI AN R SR I IS (AR PR 61 o), AR S £
LRI ) b2 A B I 4E . DOS #EL#S A Open Watcom A 3 £ty H I 3
ARWIEFE T T3, PR R B W o AR KR A SRR e A vk
kD

I SR 241, U WA Y — MR E R T I X SR B IR E
0 A HIFIR H——RIE A B 2 H i A 1Y) taskENTER_CRITICAL() &AL 14 H
T taskEXIT_CRITICAL()Z J5
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HilR (BE) 45

A DA T R T R A A A A i X o A T PR AT LB Ikt e R A B TR

BEACIE SIS LR B AR DX TR AN e A 45 5 W T I o Pl 1 5 2% S B s ¢
DA BLGR 7 — BARIS X A AT S5 4T W, BV A TR, @ e Re .

T SR 5 DX 111 AN 3 B i 58 9 P BT R S, T DL 2% R SR P AR A R 8 R
Ao MHIEMLE (resuming, or un-suspending) i 5 2% 5102 — N AHXT K A o BT PATEAY

WA i B e 5 B 5 SR B O

vTaskSuspendAll() API &#

void vTaskSuspendaAll ( void ) ;

EFE# 62 vTaskSuspendAll() APl ¥R R
WL A vTaskSuspendAllQ) SR EERD I BE#s o FEAD I BE A% vl LU 1k B R SCU) e As
IS W o T RS o WA U S A ke i A b SR IEAT R SO, AN IR SRt 4k
Hold, L2 LA A BT

FEVJE S8 A0 T HAER SIS, AREHH FreeRTOS API pR%L

xTaskResumeAll() API %

PortBASE TYPE xTaskResumeAll ( void ) ;

EFFTER 63 xTaskResumeAll() APl RURE
# 18 xTaskResumeAll()i& [7[{E

SR Eitipa

R [EHE R RS R R, B SC s R b, H B A S
W Me TR S A S A B AT o AR — AN R I B SO R AR
xTaskResumeAll()ik [F§i 153 2447, WIpa%uR [ pdTRUE. 71
BIEM T, xTaskResumeAll()iz 7] pdFALSE.
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i 1] vTaskSuspendAll() A xTaskResumeAll()J& 22411, K W% A 43—
TREUR VT3 T B A SRR IR L TN O I A 2 e e i —— B 7 g B4~ 22 iy
] vTaskSuspendAll()#SECE I H T xTaskResumAll() 2 )5 -

TEFIE B 64 JER T SEBRE IR vPrintString () SERACAS o 33 A sz B 7 20 B0 2 30 ok
AL T R g 1) 5 R DR E i

void vPrintString( const portCHAR *pcString )
{
/* Write the string to stdout, suspending the scheduler as a method
of mutual exclusion. */
vTaskSuspendScheduler() ;
{
printf( "%$s", pcString );
fflush( stdout );

}

xTaskResumeScheduler () ;

/* Allow any key to stop the application running. A real application that
actually used the key value should protect access to the keyboard input too. */
if( kbhit() )

{

vTaskEndScheduler () ;

TEFFiBE 64 vPrintString () SEIARHY
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4.3 LFE(AZERFTE)

BFa R AR ) AR S i, TR RIE A B AT S5 U T L= .
WMUTEX(H. 5 )6 T-"MUTual EXclusion”.

T HRFRSE, B S EnlE 2 I ORI 2 . — MESS AR
TG AT ) TEUR, DA Z0 58 D) HL A 2 (Take) 12 98 P50 Y. (1R 2 R (A 2 R ) o
L4 R e R ], L2 FIHIE(Give) S . AT IHIE 740, HEAE5s
A PRI, WA A RE 22 A Y) MIZILE R . — MESSEBRARRA T, SIA
ST R LB . IXMLEIAE R 36 TR

BT i TG SR A BA IR ZHFE R, (HE 36 ORI B (H 5= ]
THFIhRe)5E AT B 30 /R B (—AHE S = T RD) . P sk ) X e
TR S EAEPGRIT )5 PR A i 3 -

o MTHFMFESEUHAIL,

o TR S B 25 AP 2R £ 5T, AFIHIE.
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The resource being

The mutex used to u el ?{Qe e
guard the resource
&5
) F

Twao tasks each want to access the resource, but a task is not permitted to access the
resource unless it is the mutex (token) holder.

Guarded {
/ s rie \
2N

Task A attempts to take the mutex. Because the mutex is available Task A successfully
becomes the mutex holder so is permitted to access the resource.

\

Guarded ¢

,X//’z resource \
/Aw

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.

"\

Guarded |

/ resource \
A

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.

ask A
~\—

1 / e \

xSemaphosTake() ‘/\‘l

xSemaphoreGive()

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

ask A
== /\\_7-77
\ Guarded {
/ fesource
xSemaphoreGive() m

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

B 36 BFEMTHFI6E
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XPHBLHRIZRE AL AT R4 e R 2T o A 55 AN AEATART IR #8 v) A
Vi) GRPEA T B 1K), OIS A AR S5 IR ) — 20 BRAREATRERON B = IHF
EEEE

xSemaphoreCreateMutex() APl %

B JrHa2 M55 HE. FreeRTOS A MR IG5 & A AR - AE 2R LN
xSemaphoreHandle {251,

LENR e o T A i L < | e AN i SRR IR iR T - P
xSemaphoreCreateMutex() API B4,

xSemaphoreHandle xSemaphoreCreateMutex( void ) ;

FEFFiE ¥ 65 xSemaphoreCreateMutex() APl ¥ & 7

# 19 xSemaphoreCreateMutex()i% [7I{i

IR EE G RIR ] NULL on B R E A R R R e AR HE S A 2 53
FreeRTOS Jovk o B 5 &4 P a5 A B 2% 0] o 256 FL s 3 i 1 2 ¢ T A7
B HUT T B

AR [E]HE NULL A7 B B iy o R [N 24 PR AF AL A T i L 5
AN

i 15. fFF{ESEES vPrintString()

AT —ANFRCA ) vPrintString(), X prvNewPrintString(), X5 74 24155
R X AN TR R . prvNewPrintString() B 5 vPrintString() 52 4 AH Rl Th g, R
FESEIL_EAE B R A SE A I A DX R ST b v 14256 . prvNewPrintString () 1)
LA 2 W I H 66,
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static void prvNewPrintString( const portCHAR *pcString )

{

/* BFRAEMESR RS Z ATt C eI, PrE RSB e S O fE T .

WA B s . WS BR8P RHL 2E, ﬂ)\ILHJ% ff. xSemaphoreTake () AELE I3RS |
FFEJFIRIL FrUCF R NER A . an e T ], AR A A 25 ﬁv!'Jf'JxSemaphoreTake()lfilm
PATRUE)G, A eV JLs2 3 (WA 2 4ahrvEf ) . */

xSemaphoreTake ( xMutex, portMAX DELAY );

{
/* FEFPPATRIX B AOR O DR B v ik IUFE T BLE thvy mbsifEfr . DOAE RN 2 A S —AME
SRefr A OF . */
printf( "%s", pcString );
fflush( stdout );
/% HJRRABGUHE D */
}

xSemaphoreGive ( xMutex ) ;

/* Allow any key to stop the application running. A real application that
actually used the key value should protect access to the keyboard too. A
real application is very unlikely to have more than one task processing
key presses though! */

if( kbhit() )

{

vTaskEndScheduler () ;

FEFEIE 66 prvNewPrintString () SEHAREE

prvNewPrintString () # — ME 55 AN L B A o ERRRIAH Z R T —4

BENLAEIR B[] o AT55 BN S EUH T 1 AT 55 [ REAS SEB AR 3 25 B 10 F 75 | . (155
prvPrintTask() 1 SEBLACHS 2 WAR P 1 67,
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int main( void )

{

/* AF T EA AT L AGE R . ABIEIE T AN IR ERBRE S */

xXxMutex = xSemaphoreCreateMutex() ;

/* AT S Al — AN BEALAE IR I A], X HLZG BEALECR AR S AR i 1 +/

srand( 567 );

/* Check the semaphore was created successfully before creating the tasks. */

if( xMutex != NULL )

{
/* Create two instances of the tasks that write to stdout. The string
they write is passed in as the task parameter. The tasks are created
at different priorities so some pre-emption will occur. */
xTaskCreate( prvPrintTask, "Printl", 1000,

NTask 1 **kkkkkkkkhkhkdhhkdhhkdkhkdkhkkdkhkkdkhkkdkr**\r\n", 1, NULL );
xTaskCreate( prvPrintTask, "Print2", 1000,
"TAaSK 2 —--mmm o m oo - - \r\n", 2, NULL );

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

}

/* IR —VIER, main () REASHATENZEL, DA S AT RIS TR . HARRFIET ] 7K,
REZ T RGN LTI A J‘4~'JfT:%o FNESRMPTE LT NAAEEIIEE +/

for( ;i );

}

TIPSR 68 4 15 9 main() R EI
K 37 JEon T8 15 isiThri g5 8. —Fhl REIHATIRFE S W HE 38,

C\WINDOWS\system32\cmd.exe - rtosdemo

& 37 415 pkihg R
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B 37 IR R, AT IER A+, K E SRR T R RO I BIRIA . BEAL
(1 7 MR S A 55K FH B LAE 3B Jo 301 1 45 2R

by Task 1 so Task 2 enters the Blocked state, allowing Task 1
to execute again.

3 - Task 2 attempts to take the mutex, but the mutex is still heﬁ

5 - Task 2 writes out its string, gives back the

dle

2 - Task 1 takes the mutex and starts to semaphore, then enters the Blocked state to wait
write out its string. Before the entire string for the next execution time. This allows Task 1 to
has been output Task 1 is preempted by the run again - Task 1 also enters the Blocked state to
higher priority Task 2. : wait for its next execution time leaving only the Idle
task to run.
Task 2 ‘ _l
Task 1 > J g

| t‘l Time

Task 1 pre-empts the idle task. back the mutex - causing Task 2 to exit the Blocked

1- The delay period for Task 1 expires so 4 - Task 1 completes w}iting out its string, and gives
state. Task 2 preempts Task 1 again

&l 38 f 15 i —FH T REEIAT AR

e =¥

& 38 thjrdlih TR B 5 SR U B e D RE MR ARSI 22— o FEIXFH AT RE I PAT IR
Festiid,  mAEHINAESS 2 TR AEEAHRA G AT S5 1 IBE 0 B B IR AL
PSP S5 WARME S IRAE 55 FLIEHER (AT R e o LB U e s 1K e — AN BRI
1775 30 WAHEIXRA T FRE W HOR, B e PUE 55 AR A S B, —4
I T AMES I Z TR LS E AT 55 T AT — =Xt S B e L 55
[EAAF— MR BT SS, MRS AT ETCVEAT | X IR 1 TEAE I 39 ik
1T REZR o
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2 - The HP task attempts to take the mutex
but can't because it is still being held by the
LP task. The HP task enters the Blocked
state to wait for the mutex to become

4 - The MP task is now running. The HP
task is still waiting for the LP task to return
the mutex, but the LP task is not even

available. executing!
High priority task [HP] " S
Medium priority task [MP] | LI__
Low priority task [LP]

preempted by the HP task gets preempted by the MP task before it

1-The LP task takes a mutex before being 3 - The LP task continues to execute, but
gives the mutex back.

B 40 MREH R P — MR E O

A e nl fie o B FR R L. (FORAE— A NERRA R G, G BAE
VB Bt ik R B U 1K) U e 77 G G IZA 1)

(WRLE T

FreeRTOS " 1 fx it & A5 5170 A —f— g DXt /e B s E B it
TN IEARN PSR AP PEIE bR e ML 9 S e S s i ) — oy 58
——HIFAREIB IEALIE G S et R IRl L, AN I ML G R B 158 » DG 4k 7K
R GAT BB TS 2%, T A SRn] LURE S )3, IR AR GBI e
AR RAT FT A

DL L AR AT N MR B B R AT 8 LS T B AT S5 A5 e L7 = AR 55 P B
A g AR EMRIIAES A" TR L F R IMES LS. X
FLHIAE R 40 WP EEAT 7R R RSP AR INIE R RN, e At E N R
KIS
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4 - The LP task returning the mutex causes the HP task to
exit the Blocked state as the mutex holder. When the HP
task has finished with the mutex it gives it back. The MP
task only executes when the HP task returns to the Blocked

2 - The HP task attempts to take the mutex but can't
because it is still being held by the LP task. The HP task
enters the Blocked state to wait for the mutex to become

available. state so the MP tasﬁnever holds up the HP task
High priority task [HP] —
Medium priority task [MP] —
Low priority task [LP] —
-t Time.

1-The LP task takes a mutex before being BN 3 - The LP task is preventing the HP task from executing so inherits
preempted by the HP task. the priority of the HP task. The LP task cannot now be preempted by
the MP task, so the amount of time that priority inversion exists is
minimized. When the LP task gives the mutex back it returns to its
original priority.

B 40 USRIk AR/MURES R IR
i T i % Re e S A s e, JF HLIKDh FreeRTOS B i [n] N A7 A iR
Mot P DURSEOL T Sl A B R A S kAR B, X RS BLBOE —MES5
FEAERNZ A S — N F

FE

SEBE A I B e iR I B R DB Iy — M FE B . Deadlock A I i 2 4 B Xk JA
PEHFR h"deadly embrace(#141)”.

AT S5 H AR SR N R B BEIR R, PTG A TGVE TRk SR AT, XA L
WBFCRIE . RS TSR, 45 A 54E% B MIFE SR Bk X S HFE Y LUg
JA A ) LA

1. AE55 A ST, JERIERA T B 5 X

2. 1B AJUES B4 .

3. L% B gkt VR E Y, 2 XA EESRR A FE X—HEFE X
LW AR, TTLAAHTESS B oA, 1155 B ik NBHIZEAS LLSEAF 5
B X ORI

4. {5 AFUABREHAT. HOERIE Jf B Y—H B 7 & Y C&pifEs%5 B
FrAMAMESS Aok 245 A BIEFEENBLIES DUERr HF 5 Y BRI
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R B LR E, E55 AESEfs—MIUESS B JF A I8, e B I
FERERs — MRS A SR . JeBl T2k, DROWAMESS #A T B AT T
T

LS e —HE, TRE S AL ) doe I T I AE v B Bl % 18 B3R 72 XU,
BT R RGO AN 2 RSB BT Do TSR IR =, X MR
ARG, SEHOFAZ AN KEGE, PRGBS N R IR e 28, PrBLRE
g £ H R A AR B AR DI, TV BR ZE B i) AL
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4.4 FPUER

SFYULSSARME T — T T3 R 7 R S E R D RE, AT D R AL B S %
FE NG o

SPPUESS FER A G HATHE — Fra U SS « RAT ST RS54 ) LA G R Ay
I BRI AT 55 B IR i DR RE R B I oL~ AT 55 S A A 55

Bl 16. RFFIHESETE vPrintString()

] 16 #2417 vPrintString ()1 53— A SEELT L, X ERH T AN SEE 5K BN
PRUERT DT 1] o 29— AT AR A iy 545 RN g, JEANRE B3 AT BN ek 2, 1
AR B RO B ST 4

SEPUTEAEH T —A FreeRTOS BBk 28 it St Bl B ATk U ) o 126455 A 3 S B
ARG SR, KA B ME— RS T 0] 280 KA 55

ST O I (R 7R B SE S S A A B A A5 R BR . 9 —AME R BARE, sy
45 AN 17 B bR I B PR 5 S BURR R HE b, AR5 SR BIBHZE A, QRS54 T —4 45
BHFPR . SFPES I ARSI Z WAL P& B 70,

e a] LS BAA, T L e I Al 25 49 R A T DA e A A P S AT S5 BRI RS, A
A A B2t . fEABI T, — AN OBk Wi 1 ek BOH T 200 Lok T
— MR

OB 1 R HR (SRR 21 R 40 FH P AZ AR SR Bk R TN P o B AN OBk 1
BREL, ML R

o W E FreeRTOSConfig.h 1) & configUSE_TICK_HOOK 4 1.
o SRR HARSIIL, EERAT R IE B 69 ) R B4 AN LAY

void vApplicationTickHook ( void ) ;

FEFFEH 69 LBk T REE RIRE

MBI T BB BAE R S OB P R S EHUT, BT LA A AE AR A N, GRS
S ], I HANEH AT 2 P AN G 28" FromISR”[¥) FreeRTOS API B %,
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static void prvStdioGatekeeperTask( void *pvParameters )

{

char *pcMessageToPrint;

/% IXFEME— FRVF ELAR VS ) St (AT 55 o AL EAR SRR Gt A A, AN RE LA U ) S0, T2 R 22
Bt AT R SORBIIAT S5 o IF LA AT AT S A nT LA Us [ AR Y, B AAAE 55 A2 SC B EANTR 225 I8 1Lk
AERATA AR . */

for( ;; )

{
/* FAHERENL . HRE T N LRKB SR I, FrUARTEER AR B - ek AR S
R AR b, */
xQueueReceive ( xPrintQueue, &pcMessageToPrint, portMAX DELAY );
VAR I et S
printf( "%s", pcMessageToPrint );
fflush( stdout );
/* Now simply go back to wait for the next message. */
}

BFERT0 FHES
R S S 15 ARAL, NIRRT AR b 4 R Rl BA A IR B S AR ST,

AN ELE 2 2. BARSCILZ WREFHE B 71, MIZHT—FF, NIXMES A T
PHASSBSL RS, BEASEBa H 45 B MAE S5 AN DS B A 1743 o

static void prvPrintTask( void *pvParameters )

{

int iIndexToString;

/* Two instances of this task are created. The task parameter is used to pass
an index into an array of strings into the task. Cast this to the required type. */
iIndexToString = ( int ) pvParameters;
for( ;; )
{
/* ATENH R e, AR, T ASRE /7 B SR AL RIS P T S o BAAULE TR BE #8531k
QT FrUMESHATIBAIU QAL T o I H e BINSERE N ], BRSSO A L. */

xQueueSendToBack ( xPrintQueue, &( pcStringsToPrint[ iIndexToString 1 ), 0 );

/* FERE—ANOIBENLIN (] VR M Blrand () AERATEN, BFEAZEAG T rand () FEREMEIFA T, =
FEZANEEOR RN IR, AN EARA frand () KA - SOE/ENR X rand ()
B, +/

vTaskDelay( ( rand() & Ox1FF ) );

FEFFER 71 Bl 16 HHOST BN AR S5 SEBRARAY
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b1 PR B AR ] SO FL O AR B AT o B, iR 200 Il i <1 9
PRS- RRAR R O T HAT I O OR, DBk Ey 1 BRHCRHE EAGR BB B, T ED
B AR SRS RO BIASI R o LBk Ey 1 pR B S B RS AR B B 72 Pl

void vApplicationTickHook( void )
{
static int iCount = 0;

portBASE TYPE xHigherPriorityTaskWoken = pdFALSE;

/* Print out a message every 200 ticks. The message is not written out
directly, but sent to the gatekeeper task. */
iCount++;
if( iCount >= 200 )
{
/* In this case the last parameter (xHigherPriorityTaskWoken) is not
actually used but must still be supplied. */
xQueueSendToFrontFromISR( xPrintQueue,
&( pcStringsToPrint[ 2 ] ),
&xHigherPriorityTaskWoken ) ;

/* Reset the count ready to print out the string again in 200 ticks
time. */

iCount = 0;

BRFER 72 LB T R SRR

AL —HF, main() e I AIRI T ES5, AR5 R sh S . main() e £ H
WSS WREFHE . 73,
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/* SRS AW Il PSS P A . */

static char *pcStringsToPrint[] =

{

n"Task 1 ****************************************************\r\n"’

/* FiWlxQueueHandleZZ i XA RURE & T EE S I WAk si AR 55 RAH R . */

XQueueHandle xPrintQueue;

int main( void )

{

{

}
}
FreeRTOS

/* QUEBNS, ¥REEN5, Bl Io kRO FARE . *+/

xPrintQueue = xQueueCreate( 5, sizeof( char * ) );

/* NPRBINLECR LA e AE R . %/
srand( 567 );

/* Check the queue was created successfully. */

if ( xPrintQueue != NULL )

/% BUARSSIRPRASEH], F T s s Rk R . BSOS EENTTE MM AR gL 5. XKW
MES BAANRMAR G, Pl e AT 55 A I S AR e A 55 */
xTaskCreate( prvPrintTask, "Printl", 1000, ( void * ) 0, 1, NULL );

xTaskCreate( prvPrintTask, "Print2", 1000, ( void * ) 1, 2, NULL );

/% BIEESFPUTSS o XOEME——N RV EET AR B AT 55 . */
xTaskCreate( prvStdioGatekeeperTask, "Gatekeeper", 1000, NULL, 0, NULL );

/* Start the scheduler so the created tasks start executing. */

vTaskStartScheduler () ;

/* WER—VIER, main () REANSHATEIZE, KOG S CLITRIZITES . HAPRRE s8] T,
AR T RENAA LM ELAE TS . FLESRMEELZ R TWAEHERGEE */

for( ;; ):

BEFEE 73 #l 16 1 main ()R EL IR
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B 41 BT 16 iatrfmh g k. WEHRRTLIE S|, gk BEFS17F
HY I K B R T ) 5 5 R AR R T BN L, A B IO

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

Message printed from the tick hook interrvupt BEEHHEHEEEHT
?esiage printed from the tick hook interrupt HRHf#HHHEHTEHHH
agsghk 2 —m™m™@8m8mMm ¥ —————————1 11— — 4
Task 1

Message printed from the tick hook interrupt HiHHHEHIEEHHIET
Message printed from the tick hook interrvupt HUEHHBHEHEHEHEHHE
Tasgk 2 ———— T rr e e
Message printed

Task 2 ——rrrrrrrrrrrrrrrrrrrrr PR P E T r R R T TR T R R R T T T TR T T T A
Message printed from the tick hook interrupt HERHEEHHEEHLHEYG

Message printed from the tick hook interrupt Hi#HHRHHGHHEHT
Task 1

B 41 %] 16 KBfTHH 45 R
SFYUESS AL SE PR T 3T EME 55 ——BT LR B S5 A8 55 19T B 25— ELARFFAE A
FI, HEIPANTEMES HREABLIERS . A LEfH00 b, TR PRSI T M=
RIDLSE SR, W ST DAAS 2 SR ) A P —— (B S R 1 5P R 55 T A A AR o
DAL AR, BRI LSS 58 Ot 52 H ARG B B A U 17 o
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5.1 #E%

BEHAESS, DIIEUE S 52, WT TS N AR BAR W] LA H
FRUER) malloc() 5 free()ZEpRi %k, (HAAZIARIH DL 451 i) 7 -

XA bR AR NN R GE R AT REAN T

P PR AR ARSI T RES AR, & b T 2 5 St AR 22 1)
XA R B0 W A R 2R L L
XA R BCRAT AIE P o BRI I A IR 1) D4 1 mT BEAS D o
XA R N AR
XA bR B A R AR L B R

(4

Yy
S

2B S A
E&E&

ANTA] RN 2R S8 5 AT AN [F] ) PN A7 OB AN TR) 225K o T LB — R N A7 23 Bl vk

WA HE TN R . Bk, FreeRTOS M N A7 73 B AE A I B A J2 TR (A T HEA K N
AR ER 73 05 ) o XAEAFAN A N T AR 2 v] AR A& & B 5 1 B AR HL.

MW R AER, SL ] pvPortMalloc() i A& E 2 A malloc(): BN 17
i, M vPortFree()m A& B free(). pvPortMalloc()E A5 malloc()4H 7] ¥ e&
s vPortFree()tB A5 free()AH [A] 11 bR Z i 11

FreeRTOS H4irH —#f pvPortMalloc()5 vPortFree()sEELyu ki, iX =7 XS 7E
AEAHA . FreeRTOS (™ Al A HI Feh—Hf, AT BRI B 2 A A7 BT

X =AY =ANESCE: heap_1.c, heap_2.c, heap 3.c——iX =AM CHEHE
JitE H 3% FreeRTOS\Source\Portable\MemMang . & A< [¢) FreeRTOS Bt K 1
JSL U A AR A A7 B BE T 56 LR I T DRI 3 SCIAL A7 JRORT Y A3t R R /I i B
UNINE AR IEE

AR A KRG, WAL D SR as T QUEAESS, APAIE 5. IX R
DLW, BhAS M EE AT 2 I BIAE N TR 7 SO T AR AT SEF Dh e |1y, 10 H.9 A7 —
IR TR I BRI RPN AT 70 IC T I AN AL 7% (B — BB ST IR A 32, BT fff
SENES WA A, AR NPERE BB, Lean AR /N A ] 2 1
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AT T LU F5
e FreeRTOS 7EAT 4 i3 BL K A
o FreeRTOS $EAt 1) = Fft )N A4 FiE 7 28706441
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5.2 WAFT BT Riabl

Heap_1l.c
Heap_1.c SZHL T — MR AN pvPortMalloc()fiAs, 1y H.¥% 4 SZ 8 vPortFree() .
U SRR IR P AN T EEM R AT 55, BASI B 15 5 &, WIHAT{EH] heap_1 1 BT Heap_1
B B AT e v
X AR E T7 S 2K FreeRTOS XA A7 HE 25 [A) & AF — ANl R0 42 . 43
pvPortMalloc()i, TR 4 S 5 b 41 43k 55 /N N A7 Bk
B I K /NEETS K BT E FreeRTOSConfig.h 1 i configTOTAL_HEAP_SIZE
5T Mo LI FI 7 38 LA B REUA 25 LA N AR P B SRR O T VR 2 N AF—— R
FELE A BT AT AR AT 52 B 43 L i
T LA AN QR AT 25 A HE 25 ) b 23 il — AT 5 il By (TCB) A — Mk 2 1) . [ 42
J&7R T heap_1 /& WHATEAT 55 0 it I 40 33X AN TSP 2 ¥y . AN 42 ha] DUE 3]
o A FORBAAE A ATATAT S5 BRI OIS T, 3 B AN Hedls F 25 1)
o B RNHUALE O T — MES E G E
o C RIRHAMAEANE T =AMES G M5 IE .

[T a B "
W

N

o )
< o
M »
Il E
;,:' ®
I_

O J
I_

O

E

)

O

L TCB

B 42 ®REIBESERAFSEEDL
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Heap_2.c

Heap_2.c 21 H 7 —/ i configTOTAL_HEAP_SIZE 5& X K /MU S0 « A
il T heap_1 i1)/2, heap_2 KH T —/MRAEVLICHVEK A BE A AE, IF BRI AR
M AT AL, B A il 3 N R R FE 2 TR 2 WA —— R A
K A BATATAT S5 73 T 1T

AR VLEC SV LRAIE pvPortMalloc() 2 H S Bl i sk /MR A b, than, %
JELL T EE -

1. eSS T =AW AR, 230004 5 A1, 25 AT 100 RN

2. pvPortMalloc()# 1 H LATE K43 it 20 715 K/ A7 [
DT TC 5 =R 75 B e /N 25 R A7 B AT 25 7795 K/INIRI P A7 H——JiT LA pvPortMalloc()
S IXAS 25 FATHFR S H A 20 FATHRI A 5 AT 3, R IRl ANME I 20
THRMFEE . IR 5 FATHUNGRE TR, ®FLLE A pvPortMalloc() il .

Heap_2.c JEANSAEAH GBI 5 PG I e — AN BRI N AEER,  FT A7 A N AR v
—— 1 SR 3 TCRORE TR AR R DR/ I A e, U A A7 1 il AN 2 A — A ) i
Heap_2.c i& & M1 48 55 00t 5 ) B LA A ) e 2 TR A 55 1 . T AR

[[ &

B

c

L— 5oeds 58—l
L—osoeds ssi{—]
L—osoeds asi{—l

Stack

TCB
Stack

Stack

TCB
Stack

TCB
Stack

configTOTAL_HEAP_SIZE

Laoeds d
o9l

TCB
Stack

TCB

TCB TCB

—

&l 43 BIEAMERAES /5 A FF 2 BT O

SR F. B heap_2 S rEHERRAE S5 E, FTLAAN S 351 9 fE i i 2/ T 25
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Bl 43 s TS A, MR DU e Rerh, VL AL SR 2 ] AR
M 43 T LUE -

o A RTRBAMHERIE T = MEF I IE . B BERRIER A KA B

o B R HAAEMIER T — MESS IS T IE . BHBIR S HERERFF AL, JF2 T
AN, 2 RGN BRAT 55 (K TCB AL S5 Ak

o C RRBAMENCAET —MESERNE. Gl —MESS " EWKHH
pvPortMalloc(), —Xs&7 A TCB, — s BT 45 4% (i F pvPortMalloc() A
47 xTaskCreate() API B4 #5).

A~ TCB AR A AR, BT LAds A VL BC S ] LU DR 2 BB M B3R PRI A 55 o
HIE) TCB 2 a4 F87 70 i FH A8 A1 55 (1) TCB #5[hl,

B AE S5 (A2 8] 55 22 T R A 55 IO R 2 1) /N ] 5 e DA e DL e SR 4
DRALE 2 FT A B A 55 v P A A 2 Tl g R 20 G P VR4 25 IR R 2 1)

KO TGTR R K22 N B AR DR AR

Heap_2.c BUARAS 24 th, (H/& b K2 Bobaitk 72 s2BL ) malloc() 5 free() B 2% .
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Heap_3.c

Heap_3.c faj B FH 7 A ki 5k malloc() R free(), {EL 2 1 ok %5 I b 1 J3 A
A e e etk . SLSCHARIL 2 AR P IE B 74,

WIS () N A7 HE 25 1) K /NASZ config TOTAL_HEAP_SIZE SEM, T A& FH A 2e i &

void *pvPortMalloc( size t xWantedSize )

{

void *pvReturn;
vTaskSuspendAll () ;

{

pvReturn = malloc( xWantedSize ) ;

}

xTaskResumeAll () ;

return pvReturn;

void vPortFree( void *pv )

{
if( pv != NULL )
{
vTaskSuspendAll () ;
{
free( pv );
}
xTaskResumeAll () ;
}
}
FRFES 74 heap_3.c THRHG
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6.1 HE%

AT EEE NI FreeRTOS Y] i AR £ 10 % 7% 2y i 21 ) ) . X L
A R R TBCAE MR H DL A bt A0t b, DR DA AT SR 1) 1) i 1 25 JLAF i 21 i %2
RI TR o O H e LU PR LI ) A, AR A7 22 1 DA FAQ(iH 25) I 245 Hh ml E RN Jst I
FAf R 71

printf-stdarg.c

L ARAE C FERR BN, Akos (T se s SR ETE, R 10 74T A Ab PR
PREL, Lbln sprintf(). 7 FreeRTOS Rt —/~ 44 printf-stdarg.c 30F. XA~
SRS T — MRRCRAR R /N Y sprintf(), A AHISRACE AR HE C R A . 72K
ZHUGOUT , XA LS F sprintf() A AH 5 e BRI 5560 e 2 ) (R 7 sk MR 22

printf-stdarg.c AT, (H2 R =J7 . FrCltbds s n license Mz T
FreeRTOS. HA&M license 45t & 7R 1R SCAF A UG5 57
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6.2 tk¥:

FreeRTOS $HE T 22 Bk ke Bl i R AR M A 9 ) i 7L 2.
uxTaskGetStackHighWaterMark() APl BR#{

REAMAT S5 HRBUSLAE 4 H AR A [A], B 2% [B) S 5 A0 AT 55 Bt I JE AT A€
uxTaskGetStackHighWaterMark() 3= £ FH >k &5 @ AF 55 (1as AT I s v, Fokk s m) ik 22

Z /DR o IXAME R F 2 18] (17 R K 2k (High Water Mark)”

unsigned portBASE TYPE uxTaskGetStackHighWaterMark ( xTaskHandle xTask ) ;

TEFFIER 75 uxTaskGetStackHighWaterMark() API B R &Y

# 20 uxTaskGetStackHighWaterMark()Z % 5 1z [Hl{E

xTask B AT WAL 5 [ ) I ——BR EN QT SRASAT 55 1), TERGTE S WL API 2R

xTaskCreate()[t)Z % pxCreatedTask.

AR AE N NULL )8R, UAE S5 A (02 F S ks ) R Rk 2k

i [F 55 K 2 1) (1) 52 B A FH 2 B A A 25 AT R0 b T A PR 7 R V25
uxTaskGetStackHighWaterMark() i [F] M AT 45 i 81 04T I 4R 1118 47
Pisa, ks ) BAG SN A o IXAMEL B 2 b 2 T Al FH O B iR
IS (RN A F AR 2= ) o X /MEBORFEIE 0, T AT 55l Bk i
B tHANIZE T

URSEI L, XESREPEICAE MR DOS BB R AE, K4 DOS SRR W AE. It
1EAE Open Watcom b [P 7R i1 SEqE v [0 48 FH i
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BATIBARI —— #EiR

FreeRTOS A& WiFZ 17 I AR MU BLE], tH FreeRTOSConfig.h Hhff) i & ¥ &
configCHECK_FOR_STACK_OVERFLOW #EAT# . X PR 7 U838 R P ¥k
VAN

et B8 bR (BSR4 R P A D00 A v R o A i R
PREL, AR BT LU N
o {F FreeRTOSConfig.h H4 configCHECK_FOR_STACK_OVERFLOW %k 1 5 2,
o SRALH TR BN RS, RHIFEFFIE B 76 JT7 (1 ok K44 FH e 2 2R

void vApplicationStackOverflowHook ( xTaskHandle *pxTask, signed portCHAR *pcTaskName ) ;

TEFFES 76 HRu S TREIRE

Hedis H B BRSO T AR R R TR AR 2 IR 1R AR ), TGV e A it A x I E
TR o BN IS U N T AT S A RMT 45 4, ARAT 55 2 AR v] BEAE i ) I L2218 2]
E7

it B B HOE AT AR T BRSO AT A

HELETYCAR AR AE AL 2 A A7 U7 ) BRI 23 7 AR R RS, AR T BEAE A% T T B Y
B R B T A R TR R T

BATIERATI —— 7kl
24 configCHECK_FOR_STACK_OVERFLOW ¥ & 4 1 Wk H 77k 1.
R4l A e LI, ZAT S5 I3 1R SO RA7 208 A SR 2 o X AT
S5 B A8 T N 2MIE 3 T — Mg . 24 configCHECK_FOR_STACK_OVERFLOW # 4
10, WEESTEATRS B R SCORAE G R S i e b i 1 A 80k s ). — ELR I 21 A 4
BHIFE ) 2 AR SR A R L e B T R O S R A

J7ik 1 BT AT 3, (HAkR AT W] Be R AEAE PRI B R SCORAF 2 TE], IR
BEANSSAEATTIN 2] o
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APPENDIX 1: BUILDING THE EXAMPLES

This book presents numerous examples — the source code for which is provided in an accompanying
.zip file along with project files that can be opened and built from within the free Open Watcom IDE.
The resultant executables can then be executed either within a Windows command terminal or
alternatively under the free DOSBox DOS emulator. See http://www.openwatcom.org and
http://www.dosbox.com for tool downloads.

Ensure to include the 16bit DOS target options when installing the Open Watcom compiler!

The Open Watcom project files are all called RTOSDemo.wpj and can be located in the
Examples\ExampleOnn directories, where ‘nn’ is the example number.

DOS is far from an ideal target for FreeRTOS and the example applications will not run with true real
time characteristics. DOS is used simply because it allows users to experiment with the examples
without first having to invest in specialist hardware or tools.

Please note the Open Watcom debugger will allow interrupts to execute between step operations —
even when stepping through code that is within a critical section. This unfortunately makes it
impossible to step through the context switch process.

It is best to run the generated executables from a command prompt rather than from within the Open
Watcom IDE.
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APPENDIX 2: THE DEMO APPLICATIONS

Each official FreeRTOS port comes with a demo application that should build without any errors or
warnings being generated®. The demo application has several purposes:

1.

2.

3.

4.

To provide an example of a working and pre-configured project with the correct files
included and the correct compiler options set.

To allow ‘out of the box’ experimentation with minimal setup or prior knowledge.
To demonstrate the FreeRTOS API.

As a base from which real applications can be created.

Each demo project is located in a unique directory under the Demo directory (see APPENDIX 3: ).
The directory name will indicate the port that the demo project relates to.

Every demo application also comes with a documentation page that is hosted on the FreeRTOS.org
WEB site. The documentation page includes information on locating individual demo applications in
FreeRTOS directory structure.

All the demo projects create tasks that are defined in source files that are located in the
Demo\Common directory tree. Most use files from the Demo\Common\Minimal directory.

A file called main.c is included in each project. This contains the main() function, from where all the
demo application tasks are created. See the comments within the individual main.c files for more
information on what a specific demo application does.

® This is the ideal scenario, and is normally the case, but is dependent on the version of the compiler being used
to build the demo. Upgraded compilers can sometimes generate warnings where their predecessors didn’t.

FreeRTOS

136

Designed For Microcontrollers;

© 2009 Richard Barry. Distribution or publication in any form is strictly prohibited.



http://www.FreeRTOS.org

FreeRT0S.org Menu =
Homepage

- [E] Quick Start Guide
@ Fundamentals

¢ Demo App Introduction

() Demos (listed by port) |
|5 PoruDemo list

G ARM Cortex-M3
E¢ ARM?
gy ARMY
E
E

-y ColdFire

3-@ AVR and AVR3Z
EHg PIC

gy HCS12 Ports ex
= MSP430 applicat
- [£] MSP430 CrossWorks
@ MSP430 GCC

- [F] MSP430 1AR SafeRT!
gy x86 fO!’_Whi.Cf
o i@y Fujitsu t?}g;g::l
gy Xilinx and PowerPC e
-y Renesas

i 8051
‘i@ Zilog |
" Supert
- Blackiin
-y TriCore
iy Jennic Latest
s CyaneCOG
r

Al MICOY o Fri

FreeRTi
i comiT

Free sy

frm

o SRRV ooy FOUY s O |

e IO o JOUONN pres PR |

Figure 44 Locating the demo application documentation in the menu frame of the FreeRTOS.org WEB
site
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APPENDIX 3: FREERTOS FILES AND DIRECTORIES

The directory structure described in this appendix relates only to the .zip file that can be downloaded
from the FreeRTOS.org WEB site. The examples that come with this book use a slightly different
organization.

FreeRTOS is downloaded as a single .zip file that contains:
e The core FreeRTOS source code. This is the code that is common to all ports.
e A port layer for each microcontroller and compiler combination that is supported.

e A project file or makefile to build a demo application for each microcontroller and
compiler combination that is supported.

o A set of demo tasks that are common to each demo application. These demo tasks are
referenced from the port specific demo projects.

The .zip file has two top level directories, one called Source and the other called Demo. The Source
directory tree contains the entire FreeRTOS kernel implementation — both the common components
and the port specific components. The Demo directory tree contains just the demo application project
files and the source files that define the demo tasks.

FreeRTOS
I
+-Demo Contains the demo application source and projects.
I
+-Source Contains the implementation of the real time kernel.

Figure 45 The top level directories — Source and Demo

The core FreeRTOS source code is contained in just three C files that are common to all the
microcontroller ports. These are called queue.c, tasks.c and list.c, and can be located directly under
the Source directory. The port specific files are located within the Portable directory tree, which is also
located directly within the Source directory.

A fourth optional source file called croutine.c implements the FreeRTOS co-routine functionality. It
only needs to be included in the build if co-routines are actually going to be used.
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FreeRTOS
|
I
+-Demo Contains the demo application source and projects.
I
+-Source Contains the implementation of the real time kernel.

+-tasks.c One of the three core kernel files.
+-queue.c One of the three core kernel files.
+-list.c One of the three core kernel files.
+-portable The sub-directory that contains all the port specific files.

Figure 46 The three core files that implement the FreeRTOS kernel

Removing Unused Files

The main FreeRTOS .zip file includes the files for all the ports and all the demo applications so
contains many more files than are required to use any one port. The demo application project or
makefile that accompanies the port being used can be used as a reference to which files are required
and which can be deleted.

The ‘portable layer’ is the code that tailors the FreeRTOS kernel to a particular compiler and
architecture. The portable layer source files are located within the
FreeRTOS\Source\Portable\[compiler]\[architecture] directory, where [compiler] is the tool chain being
used and [architecture] is the microcontroller variant being used.

e All the sub-directories under FreeRTOS\Source\Portable that do not relate to the tool chain
being used can be deleted except the directory FreeRTOS\Source\Portable\MemMang.

e All the sub-directories under FreeRTOS\Source\Portable\[compiler] that do not relate to the
microcontroller variant being used can be deleted.

e All the sub-directories under FreeRTOS\Demo that do not relate to the demo application being
used can be deleted except the FreeRTOS\Demo\Common directory, which contains files that
are referenced from all the demo applications.

FreeRTOS\Demo\Common contains many more files than are referenced from any one demo
application so this directory can also be thinned out if desired.
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APPENDIX 4: CREATING A FREERTOS PROJECT

Adapting One of the Supplied Demo Projects

Every official FreeRTOS port comes with a pre-configured demo application that should build without
any errors or warnings (see APPENDIX 2: ). It is recommended that new projects are created by
adapting one of these existing projects. This way the project will include the correct files and have the
correct compiler options set.

To start a new application from an existing demo project:
1. Open up the supplied demo project and ensure it builds and executes as expected.

2. Strip out the source files that define the demo tasks. Any file that is located within the
Demo\Common directory tree can be removed from the project file or makefile.

3. Delete all the functions within main.c other than prvSetupHardware().

4. Ensure configUSE_IDLE_HOOK, configUSE_TICK_HOOK and
configCHECK_FOR_STACK_OVERFLOW are all set to 0 within FreeRTOSConfig.h. This will
prevent the linker looking for any hook functions. Hook functions can be added later if
required.

5. Create a new main() function from the template shown in Listing 77.
6. Check that the project still builds.

Following these steps will provide a project that includes the FreeRTOS source files but does not
define any functionality.
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int main( void )

{

/* Perform any hardware setup necessary. */

prvSetupHardware () ;

/* --- APPLICATION TASKS CAN BE CREATED HERE --- */

/* Start the created tasks running. */

vTaskStartScheduler () ;

/* Execution will only reach here if there was insufficient heap to
start the scheduler. */

for( ;; )
return 0;

Listing 77 The template for a new main() function

Creating a New Project from Scratch

As just mentioned, it is recommended that new projects are created from the existing demo projects.
If for some reason this is not desirable then a new project can be created by using the following steps:

1.

2.

Create a new empty project file or makefile using your chosen tool chain.
Add the files detailed within Table 21 to the newly created project or makefile.
Copy an existing FreeRTOSConfig.h file into the project directory.

Add both the project directory and FreeRTOS\Sourcelinclude to the path the project will search
to locate header files.

Copy the compiler settings from the relevant demo project or makefile. In particular every port
requires a macro to be set that ensures the correct kernel header files are included in the build.
For example, builds targeted at the MegaAVR using the IAR compiler require
IAR_MEGA_AVR to be defined, and builds targeted at the ARM Cortex M3 using the GCC
compiler require GCC_ARMCM3 to be defined. The definitions get used by
FreeRTOS\Source\include\portable.h — which can be inspected if it is not obvious which
definition is required.
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Table 21 FreeRTOS source files to include in the project
File Location

tasks.c FreeRTOS\Source
queue.c FreeRTOS\Source
list.c FreeRTOS\Source

port.c FreeRTOS\Source\portable\[compiler]\[architecture] where [compiler] is the compiler being
used and [architecture] is the microcontroller variant being used.

port.x Some ports also require the project to include an assembly file. The file will be located in
the same directory as port.c. The file name extension will depend on the tool chain being
used — x should be replaced with the real file name extension.

Header Files

A source file that uses the FreeRTOS APl must include “FreeRTOS.h”, then the header file that
contains the prototype for the API function being used — either “task.h”, “queue.h” or “semphr.h”.
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APPENDIX 5: DATA TYPES AND CODING STYLE GUIDE

Data Types

Each port of FreeRTOS has a unique portable.h header file in which is defined a set of macros that
detail the data types that are used. All the FreeRTOS source code and demo applications use these
macro definitions rather than directly using base C data types — but there is absolutely no reason why
applications that use FreeRTOS need to do the same. Application writers can substitute the real data
types for each of the macros defined within Table 22.

Macro or typedef
used

portCHAR
portSHORT
portLONG

portTickType

portBASE_TYPE

Table 22 Data types used by FreeRTOS

Actual type

char

short

long

This is used to store the tick count and specify block times.

portTickType can be either an unsigned 16bit type or an unsigned 32bit type
depending on the setting of configUSE_16_BIT_TICKS within
FreeRTOSConfig.h.

Using a 16bit type can greatly improve efficiency on 8 and 16bit architectures but
severely limits the range of block times that can specified. It would not make

sense to use a 16bit type on a 32bit architecture.

This will be defined to be the most efficient type for the architecture. Typically
this would be a 32bit type on a 32bit architecture, a 16bit type on a 16bit
architecture, and an 8 bit type on an 8bit architectures.

portBASE_TYPE is generally used for return types that can only take a very
limited range of values and for Booleans.

Some compilers make all unqualified char variables unsigned, while others make them signed. For
this reason the FreeRTOS source code explicitly qualifies every use of portCHAR with either signed or

unsigned.

int types are never used — only long and short.
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Variable Names

Variables are pre-fixed with their type. ‘c’ for char, ‘s’ for short, ‘I’ for long and ‘x’ for portBASE_TYPE
and any other type (structures, task handles, queue handles, etc.).

If a variable is unsigned it is also prefixed with a ‘u’. If a variable is a pointer it is also prefixed with a
‘p’. Therefore a variable of type unsigned char will be prefixed with ‘uc’, and a variable of type pointer
to char will be prefixed ‘pc’.
Function Names
Functions are prefixed with both the type they return and the file they are defined within. For example:
e vTaskPrioritySet() returns a void and is defined within task.c.
e xQueueReceive() returns a variable of type portBASE_TYPE and is defined within queue.c.
e vSemaphoreCreateBinary() returns a void and is defined within semphr.h.

File scope (private) functions are prefixed with ‘prv’.

Formatting

1 tab is always set to equal 4 spaces.

Macro Names

Most macros are written in capitals and prefixed with lower case letters that indicate where the macro
is defined. Table 23 provides a list of prefixes.
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Table 23 Macro prefixes
Prefix Location of macro definition

port (for example, portMAX_DELAY) portable.h

task (for example, taskENTER_CRITICAL()) task.h

pd (for example, pdTRUE) projdefs.h

config (for example, configUSE_PREEMPTION) FreeRTOSConfig.h
err (for example, errQUEUE_FULL) projdefs.h

Note that the semaphore API is written almost entirely as a set of macros but follows the function
naming convention rather than the macro naming convention.

The macros defined in Table 24 are used throughout the FreeRTOS source.

Table 24 Common macro definitions

Macro Value
pdTRUE 1
pdFALSE 0
pdPASS 1
pdFAIL 0

Rationale for Excessive Type Casting

The FreeRTOS source code can be compiled with a lot of different compilers, all of which have
different quirks as to how and when they generate warnings. In particular different compilers want
casting to be used in different ways. As a result the FreeRTOS source code contains more type
casting than would normally be warranted.
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APPENDIX 6: LICENSING INFORMATION

FreeRTOS is licensed under a modified version of the GNU General Public License (GPL) and can be
used in commercial applications under that license. An alternative and optional commercial license is
also available if:

e You cannot fulfill the requirements stated in the "Open Source Modified GPL license" column
of Table 25.

e You wish to receive direct technical support.
¢ You wish to have assistance with your development.

e You require guarantees and indemnification.

Table 25 Open Source Vs Commercial License Comparison
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Open Source License Details

The FreeRTOS source code is licensed under version 2 of the GNU General Public License (GPL)
with an exception. The full text of the GPL is available at http://www.freertos.org/license.txt. The text
of the exception is provided below.

The exception permits the source code of applications that use FreeRTOS solely through the API
published on the FreeRTOS.org WEB site to remain closed source, thus permitting the use of
FreeRTOS in commercial applications without necessitating that the entire application be open
sourced. The exception can only be used if you wish to combine FreeRTOS with a proprietary product
and you comply with the terms stated in the exception itself.

GPL Exception Text

Note the exception text is subject to change. Consult the FreeRTOS.org WEB site for the most up to
date version.

Clause 1

Linking FreeRTOS statically or dynamically with other modules is making a combined work based on FreeRTOS. Thus, the
terms and conditions of the GNU General Public License cover the whole combination.

As a special exception, the copyright holder of FreeRTOS gives you permission to link FreeRTOS with independent modules
that communicate with FreeRTOS solely through the FreeRTOS API interface, regardless of the license terms of these
independent modules, and to copy and distribute the resulting combined work under terms of your choice, provided that:

1. Every copy of the combined work is accompanied by a written statement that details to the recipient the version of
FreeRTOS used and an offer by yourself to provide the FreeRTOS source code should the recipient request it.

2. The combined work is not itself an RTOS, scheduler, kernel or related product.
3. The combined work is not itself a library intended for linking into other software applications.

Any FreeRTOS source code, whether modified or in it's original release form, or whether in whole or in part, can only be
distributed by you under the terms of the GNU General Public License plus this exception. An independent module is a
module which is not derived from or based on FreeRTOS.

Clause 2

FreeRTOS.org may not be used for any competitive or comparative purpose, including the publication of any form of run time
or compile time metric, without the express permission of Richard Barry (this is the norm within the industry and is intended
to ensure information accuracy).
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atomic, 98

B

background

background processing, 29
best fit, 124
Binary Semaphore, 69
Blocked State, 19
Blocking on Queue Reads, 47
Blocking on Queue Writes, 47

Cc

C library functions, 129
configCHECK FOR _STACK OVERFLOW, 131
configKERNEL INTERRUPT PRIORITY, 94
configMAX PRIORITIES, 7, 15
configMAX_SYSCALL INTERRUPT PRIORITY, 94
configMINIMAL _STACK_DEPTH, 7
configTICK RATE HZ, 15
configTOTAL_HEAP_SIZE, 124
configUSE IDLE HOOK, 30
continuous processing, 26

continuous processing task, 19
co-operative scheduling, 44
Counting Semaphores, 80
Creating Tasks, 6
critical regions, 101
critical section, 95
Critical sections, 101

D

Data Types, 143
Deadlock, 113

Deadly Embrace, 113
deferred interrupts, 69
Deleting a Task, 38
directory structure, 138
DOS emulator, 135
DOSBox, 135

E

errQUEUE FULL, 51
event driven, 19
Events, 68
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Gatekeeper tasks, 115

H

handler tasks, 69
hard real time, 2
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highest priority, 7

Idle Task, 29
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Interrupt Nesting, 94
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N starvation, 17
starving
non-atomic, 98 starvation, 19
Not Running state, 5 state diagram, 20
Suspended State, 19
0 suspending the scheduler, 102

swapped in, 5

swapped out, 5

switched in, 5

switched out, 5

P Synchronization, 69
Synchronization events, 19

Open Watcom, 135

periodic
periodic tasks, 20

periodic interrupt, 15 T

portable layer, 139

portBASE_TYPE, 143 tabs, 144 .

portCHAR, 143 Task Functions, 4

portLONG, 143 task handle, 8, 35

portMAX bELAY 51,53 Task Parameter, 12
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portSHORT, 143 >
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Q uxQueueMessagesWaiting(), 53
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queue access by Multiple Tasks, 47 uxTaskPriorityGet(), 32

queue block time, 47

queue item size, 47 VvV

queue length, 47

Queues, 45 vApplicationStackOverflowHook, 131
Variable Names, 144

R vPortFree(), 122

vSemaphoreCreateBinary(), 70, 83

RAM allocation, 122 vTaskDelay(), 21

Read, Modify, Write Operations, 97 vTaskDelayUntil(), 24

vTaskDelete(), 38
reentrant, 98 vTaskPrioritySet(), 32

Removing Unused Files, 139 vTaskResume(), 19

Run Time Stack Checking, 131 vTaskSuspend(), 19
Running state, 5, 19 vTaskSuspendAll(), 103

S X
xQueueCreate(), 49

spare processing capacity xQueueHandle, 49

measuring spare processing capacity, 23 xQueuePeekQ, 32
sprintf(), 129 xQueueReceive(), 51
Stack Overflow, 130 xQueueReceiveFromISR(), 87

xQueueSend(), 50

Ready state, 20

soft real time, 2

stack overflow hook, 131
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xQueueSendFromISR(), 87 xTaskCreate(), 6
xQueueSendToBack(), 50 xTaskGetTickCount (), 26
xQueueSendToBackFromISR(), 87 xTaskResumeAll(), 103
xQueueSendToFront(), 50 xTaskResumeFromISR(), 19
xQueueSendToFrontFromISR(), 87

xSemaphoreCreateCounting(), 83 Z
xSemaphoreGiveFromISR(), 74

xSemaphoreHandle, 70, 83, 107 zip file, 138

xSemaphoreTake(), 72
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