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G52t C IR S BRBCEILI o ME—HFA K JR 55 I pR A, FLIAZR [R] void
iy His 1 —4 void 155t 2 8. Hp B M2 IRRFF R 1.

void ATaskFunction( void *pvParameters ) ;

BRFER 1 ESRHURE

BEAMESSHOZAE A CBRVE B P 11— M. HEARPA L, SIsfTHE—
ANFEPEIA T, AR . — IS5 S5 M R PRI 5 2 T

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

—AMESS SRR DL R G T AME 55— QI W AT 55 B R BT A T 54
a1 Az m, UAJE T H O B E(RRAR D), BES sREOR 5 e AR

void ATaskFunction( void *pvParameters )

{

/* A DGO I R R e . XA R O I BN 45 S — N B T H & ivarialbleExample
. HiivariableExample & X Astatic, X—MWAKAL - XFEN N RAAAE AR, B EssL

M%%#%Eﬁli */

int ivVariableExample = 0;

/* ARSI H B — NIRRT . */
)

for( ;;
{

/* SERATS DR A IR . */
}

/* WIRAT S BAKSZIL 2 Bk I ZEAEIR, ML AE 45 A0 AE PR BUEAT 58 Z T MBS o A% ANULLZ EUR R~ IR
P& MHATESS */
vTaskDelete( NULL ) ;
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1.3 THREFRE

R HRER o] A& 2 AT o WsRIa AT I I RE R (0 s il s AT — % (core), TR
SRS RN ), SEfr ERSAT — IMEFRIAT . IKERE —MESS W ATk
PIARAS, R AT IRES AR RS o FAT1I6H REIX P e f] #L (AR A —— (R 0 X I
JoE TR, BATHE RSB BRSPS S br ECTRID A T T IRE
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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

H1 TRESREREHE
155 NARIZAT 25 e ¥ 23247 25 WK " D) e N BD) N (switched  in)” 507 A2 # A

(swapped in)". FH5, AF55 NBATAER BHEIS AT SRR AU tH 5] H (switched
out)" 5" A5 e i (swapped out)”. FreeRTOS 111 42 & b 11T U ) H ik — 5244k
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1.4 QIEE%

xTaskCreate() API &%

BIEAT- 2518 1] FreeRTOS ) API B3l xTaskCreate(). X ] G2 T 5 API ok % b
SRR EL (AANSE R IX R FRATTEE — B S AP BREL AR FRATT 20T B 58 HAEAT 55
Rl e ZAE S R AR AA . AP A s 6y # 2 H 2
xTaskCreate(), Frll&A KEME]1FAT LS,

By 50 i H BB SRR iy 22 4058

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

TEFFTEH 3 xTaskCreate() APl BREUFHE!

# 1 xTaskCreate()Z %1 5k 014

S ik

pvTaskCode fE55 HUE KR C %, SEIUF I E 2 — NN . 4
pvTaskCode /M5 [ AT 55 (1) S I R £ 5T (R EAUAN A pR 2
%)

pcName HARBMERES 4 o RNSEA Y FreeRTOS il HHZH
afi i H TA IR, R0 — A B Al et ) 48 - i i R Aw ok
PONES1FZ
I R e Al DU R 5 & config_ MAX_TASK_NAME_LEN XiE

SAT 55 44 i KA —— AR\ G AT o G Al NI 717 A A S
W T IXARKAE, AT AR B S
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usStackDepth

pvParameters

uxPriority

FreeRTOS

MUAT BN, WAZ 20 WA ME B8 TAT45 H 2RIk A
usStackDepth 1B H T2 Vr W% B 40 il 2 K I ER T8

XAME G 5E B # S [1) 7] LUR A7 2 DA - (word), T AN JE 2 DA
T (byte). Lolnid, it 32 A7 BRI H], £ AT usStackDepth
{2 100, WU 253 BC 400 7715 ¥ F % [ (100 * 4bytes) . 4RiRIESRE
DLER B LA L T A BE I o size Lt BIA SEERIB TR A
{Eo

I ARl ) 5 E R configMINIMAL_STACK_SIZE ki %5 A
1ESAT M A K /. 7F FreeRTOS Ay i il e 2L 4 42 4L 11
Demo N AR, W37 i fak PR X i A AT 45 1 e /N S DA
U SRARIEAT 25 S5 A T R A s i), IS4 AR B 4 7 — S B K IR

BEATAEA (&7 HL R R AT Ao —AME 55 B H 2 2 RIHE o). 7t
SHOR BAGERTRER), ERZHH ) el ¥ — WA G
HHE, RIGHMH] FreeRTOS $ Bt P A iE 23 e 1) =5 T AN K
PABANR Y . NS T LE R, AT DURIE W & B AR S5
T Z bt

{145 R B2 — AR W) void fFR % (void*). pvParameters FO{EEN
S BTSSP B X0 SO I — LEa I R e R XA S
o] LA el A A

FREAES AT S Do i) BE T T DL A 56 4% 0 2]
I st 2% (configMAX_PRIORITIES — 1),

configMAX_PRIORITIES J& —A e H e R o AR Aeg 5 1%
AR5 T 52 TR 1 B 2R R R G A AR A7 ), AEA
GfAd P S o o5 2 ) g /N (BT DA A AR 2 o SR uxPriority: RO
#8317 (configMAX_PRIORITIES — 1), #4r SEUSZPRR LS AT55 AL
Vi AR ESMUEL IS UNGE SR [ P
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pxCreatedTask  pxCreatedTask FH T& A5 AR . IXASEIRREAE AP I Hoxt
A E R AT A AT 5 L, g AT A AR A 2, o MR AT 45

T N IR B e AN 2 B BIX AT 25 (11 6] .| pxCreatedTask AL LA
#¥i4 NULL.,
IR AHE A WA AT RE IR [PE -
1. pdTRUE
RS5O s o
2. errCOULD_NOT_ALLOCATE_REQUIRED_MEMORY

T WAFHER E AL, FreeRTOS Joikisr it i 1) % (B K R A7 AT 55
R EHEREST A, IR AR SS

5 TR SR S 22 AT OC A BT TR AAS UG

Bl 1. BIEIES
Bfsk 1. QL8 BRE AR R

A T QU IF R SPAME 5 (1 00 EE0 R o IXPHAME S5 U I s T B A 5
FrEs, SR sR i = Ia3A 07 2O AR FIEIR . P AERIEIN TR E T AL e 4, Jf

HAESCHL LR (10 75 3 4058 4 HE——FE PR B 4 AIRR PR B 5 S IX M550 [
RIS BUACHS o
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void vTaskl( void *pvParameters )

{

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

volatile unsigned long ul;

S RIKERATS R, SATAT A SERERT . */

for( ;; )

{
/* Print out the name of this task. */
vPrintString( pcTaskName ) ;
/* JEIR, PAPE—ANE x/
for( ul = 0; ul < mainDELAY LOOP_ COUNT; ul++ )
{
/% AT IRSFIGHIEIR ST e AR P AUEAT S5 o 5 100 A s R R
delay/sleeprREAUFXA UL . */
}
}

RRFERA G ME—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 ) ;
/* JEIR, PAPAAE—ANE +/
for( ul = 0; ul < mainDELAY LOOP COUNT; ul++ )
{
/* EA A R IR E IR KT 50 PRI TABUE TR o S I A s BIRERER
delay/sleeplR BN RIGE IR  */
}
}

ERESE 5 ] 1 IS AMES THRE
main() B8 HU 2 T PR G R IX P AMT S5, AR5 Ja sl B 2 —— FLAARSE AR S 2 LR
FREH 6.
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int main( void )

/% QISR —MEST o T LU — DS AN IR R vh 24 A D R lex TaskCreate () AR BIE, LRI
FRIERT . */

xTaskCreate( vTaskl, /* FRIAES AR +/
"Task 1", /* fESMCAKT, HamifiilHEl «/
1000, /* BIRE - REBUNE RIS ST S L N2 +/
NULL, /* WHAESSH «/
1, /* WARF BTG b +/
NULL ) ; /* AEHBUES AN */

/* Create the other task in exactly the same way and at the same priority. */

xTaskCreate( vTask2, "Task 2", 1000, NULL, 1, NULL );

/* AR, (LS ITHHRIAT */
vTaskStartScheduler () ;
7 R YVER, mainQBECRRZ TSI L, (F ARSI R, T RS AP R S

(BB TERE . HHEAIHAEZ R T WS BTG R >/

for( ;; )i

BIPEE 6 A 1P mES
AGIFEeAT R A 2 fros

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

iz \Temp)ltOOdemo

Task is lunnlng
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task

is running
iz running
is running
iz running
is running
is running
is running
is running
is running
is running
is running
is running
is running

B b O b I P I e D e T e B

B 2§ 1 fiE T

B 2 o BIPMESAERIN AT, E5Er EIXNAMESS AT AR RN g F, Pr

LAATTfE2x [FINEAT . S5 EIXPT/MESS R bt N iR 2473, h PR AMESS

ITER— /N AbBEAS B, B A VAR 30 A PRSI ] o F SRS T VAR T B 3 .
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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 BT — MESTAE TiatTas. Pl MEFHNBITEEWVIN), 5
—MEF AN ARIZITEWI ).

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

t1 t2 t3 Time

B3 41 KK RATIRE

B 1, main() e BorE A I LS 2 BTG S8 O AMEST I BT . R T AN —A
fE45 P ) —AMT 5 o AT LAJEHE main()F AT SS 1, SRS AT 1 AT 5%
2. WUORBATHRLOXFEAM, WSS 1 A HNY M B SUSREFE 8 7 s k1. IXHE,
TR IR B2, AE55 2 38 AT A, (F2 B R P AT i 45 RO 2 1 R
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void vTaskl( void *pvParameters )

{

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

volatile unsigned long ul;

/% WRCEPATEIAAMTE AT, RS D8, IR 2 arald ) — 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 AT DA ) ) — AN 5 AR IR P AN S 48154 2 Bk o I I 552 B0t vT AR KA i 2%
SETEL T e

FEFFEH 8 W T4 2 B HIME——AMES5 B E U (vTaskFunction) . 1X—4
fE45 R AR T 1 R I PIANMT S5 R B (vTaskl 5 vTask2). X4 BT 45 2 Bopl ok
Tl A A chars LIS BT 5% 75 24T BV 1 IR 45 o

FreeRTOS 14
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void vTaskFunction( void #*pvParameters )

{

char *pcTaskName;

volatile unsigned long ul;

/* T EATEVE P B M DS HR N sl O 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. */

}

BFEE 8 2 FHTRIEMAMES EHIHES R
JRUEBLAE R — ME 45 SE RS (vTaskFunction), {H 1] LA 22 AT 45 50491
AMESS S # 0] LLLE FreeRTOS R i 28 194275 M iz AT

145 APl B3 xTaskCreate() 124k pvPrameters i TAE N FR 8 SCA . WifEFF
ER IR,

FreeRTOS 15

SR s



/* B SCHEIBRAT A S P45 . 8 X hconst, HAZEMKSN L, DRI TSPATBA . */
static const char *pcTextForTaskl = “Task 1 is running\r\n’;
static const char *pcTextForTask2 = “Task 2 is running\t\n’;

int main( void )

{
/* Create one of the two tasks. */
xTaskCreate( vTaskFunction, /* FRIATSS R AREE . */
"Task 1", /* AT H L x/
1000, /* BRI, */
(void*)pcTextForTaskl, /* ML S UL N BT ENS M SCAC . */
1, /* WARFIBITER e HL . +/
NULL ) ; /* Ao HBIIATS AR . «/
/* AFERITIEANE S MES. Fb, B RMESS NS (vTaskFunction) G T2 MES, (UL
WSERFE . F—AMES AR T A, */
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
}
EFER 9 2 P main ()BTRS
Bl 2 Hs TR AR S 1 e, S ILE 2.
FreeRTOS 16
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1.5 fEELEH

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

N FE P #E 3 fF FreeRTOSConfig.h i #% & M 4 &% I i & % &
configMAX_PRIORITIES 11, RUE&Z ] HAMAEHEH . FreeRTOS A& ¥
A7 R I AN W o R B AR, AR AMERCR, W) AR AR (1 A Tl 22 o i LR 2
WORE I 2 1k BB A% 380 (1 5 /ML

ST AT 55 P Ae g, FreeRTOS JFEAT ST ] PR o (TR BRI 45 1]
DAL R — MRS g —— DR IE S R B 3k e 4R, RS, Rt n] LU BEA
1554 e ME— D58 2 Gt ) 6 85 SRV ) R —H)  FXAS & i K 1

AR 65 RS SERAR, ThedsS 0 RmRBARR A . ARUMR A 53
[ 0 #l(configMAX_PRIORITES — 1).

U8 38 ORUE SR ALE T WIS AT AT 55 O P AT oL S AT 55, SR Nz
T WARBE P MRER FRAAIE—AMES, MRS LR AT S RIAT . X FP
A7 77 AEZ 00 0 T LA S ok o PN IIRRAT 45 g B e e Rl — M se g b, O
H—BERWIBITH. I SAMESHRAT I8 7, AR5 LRI ) i ah i 28k Nis
T3S, AR S5 R 21 SGR HIEAT 45 B 3t 5 12 Z M I BEt S T— N ) s

TR RE N —/NMBATIAESS, TR BERS T ZEAE RN I 8]y i 4 o 232 AT B O
G o —AMFRAOBE(tick, A LEHL TR A I BPRE,  AS ST —FRERR A A k) v i 1)
JEV AT H T T 1 o Bt fR R R TR s Bk BRI R AR A T A S ok AT R F
FreeRTOSConfig.h H 14w B 5 i B & configTICK_RATE_HZ PEATHELE . Lhani,
W configTICK_RATE_HZ %41 100(HZ). Wikl A K4 10ms. A LUK B 3 3E4T
PR, KU FE AR AR B AT I (R ZE AN AT IR T AR K . 152 L 4.

T EL LI, FreeRTOS API eR HCH FH A6 2 g i IR0 502 DA/Co e v b 4y S0 Gl
W R OBk ticks”™) . i port TICK_RATE_MS HHT-Ks DL Bk Ay B A (it [l 5 4,
LAk BT (RS (A1 . A 80kE FE AR T R kA%

Db (tick count)(E &R IR IR BERS R 2T 4R, OBk Wit S, IFHEsE Bk
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TS AN SR o P R AR 08 A E JA S IS AN 06 2% RSBk U1 B0 H 1) R, DRI Ay I )
BUMEAE AR REA T4 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 BB bRk T
B 4 ha ik BRI WAZAR S AEIEAT o BTSRRI S5 BT, TR S —
AMES5 HIHRAT I o

Bl 3. RAEHER

P & AR P T IAE S5, IR RAT B LRSS, JHERENIZATZ
B H AT A 7R BIRE R, AN S5 ARG A AR R PR 2 Lo BT LUK PN 55 58 7 2k
ANFRHEAT3S . AR S 2 Foh—AMESS e, & MRS KA AL B
TR MES ARG 1 L, s MESS IR 2 F. BIEXAMES
HASZ PR R 10, XPMES ISR SO A AR g, Il i e s34 A 4
IR SYIPEFT B A A S

FreeRTOS 18
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/* B SCHENAT S S HULR I 745 . 8 X hconst, HAEAEMKZN 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 LR YR BIECE A */
xTaskCreate( vTaskFunction, "Task 1", 1000, (void*)pcTextForTaskl, 1, NULL );
/* BTSN EER2 . x/
xTaskCreate ( vTaskFunction, "Task 2", 1000, (void*)pcTextForTask2, 2, NULL );
/* Start the scheduler so the tasks start executing. */
vTaskStartScheduler() ;
return 0;

}

BFER 10 FMEFRIBIEEARF MRS

& 5 B 3 it 4R

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

running
running

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

B5 MAMURESBITENRKRER L

i B A% B R P B e i L SE R ATIBAT AR 55K AT . 4155 2 IS REAT S5 1

, W HRERIAT, AT SS 2 M —— A —HA TisiT SHES . AL 1 AATfE
BENIZATAS, P TTRes 745 o IXMIGOLIRAIRRONAESS 1 BT I TRl A 55 2
WAt (starved)” T .

155 2 Z P LESENEAT, SR A S EAHARTH S KL TAT
¥, BT AT BN HR
FreeRTOS 19
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The scheduler runs in the tick interrupt
but selects the same task. Task 2 is
always in the Running state and Task 1 is

Tick
interrupt
occurs

always in the Not Running state

1 2 t3

K6 Z—MEFMELR MR RIITHRE

FreeRTOS
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1.6 ¥ 78 “disfras”

B H AT A BT B il B B AR E 55 A0 L BIAN S AR B LR S I3
A AT F7 B —— W T EA AT Z 8 P LR S e E s T . XA
{5 A BRI (AL 55 BRI T HAT FE A, DO e n] B g B AE SR 2 b nfi e
AT eI e b, A L EN IS PRI 55K 7K I BeAT AT IIHL 4 o

N T AEBATTHAE S VI 5AT L, A 7 B S p oy AORBEAT HAF KBl . — A EIK
RS KGR A SR il TAR (IR BE), e S A B I AN RERE N IS AT 2R 1Y .
s R R IE R AT BER I NS AT A AR 55 h BAT B B AL 55 - — e A
ANBEMGIZAT AR S5 EWAE AP ARk, AR LYy — M e B AR B REI2
ITHAESS o AL, RIS BN AT 55 173 SO E AR 55 nl LA B AR V2 A R L SE 2%
£, IF e A S5 A AT MR S AL S5

PEZERES
WAL IELE SR A FE, WRRXAMTSS 4 T 9E &5 (blocked)” . FH 24 2%
JEIBATE M —ADTIRE
FEZ5 AT LU N BH 28285 BLAEAF LA T P AAS [R) R 28 F A«
1. & IO TRIAH OQ) S ——1X R A AT DLt (3R SISl 4 o0] I [R] 21 2. B
YA S5 ] LLIE A FHZE S DASEIR 10ms.
2. BT H TS B h W R Lo, SEAMT 55 0] LA N BH %€
ALVERFAS MG B RIK o 75 RS T A AR A ) A 288
EICERIOS i RIS (recursive semaphore,
BIAES R, AR EFGESE, B 2 T E Ry )
DNEPRSNEEEEN  FAE AE T OCIR LR TR A
AT:25 0] LAAE BE N B FE S USSR ] 20 AR IR o A SRR I IR 1], BORE BT LAAT 2kl
S BH B R 2SR [T 5 4% R BRI (= . L, SEAME 4% TT LA AR A B AT $cdfs 2
K, (52 HAE 10ms. W2k 10ms WA EE 2K, B2 10ms i 25 7 B0A 2l 212K,
KPR L N 1ZAT 25 #4538 P ZERS
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HERES

“Hidd (suspended)’th 2B ITIREM FIRE . T HADIRS AT XA EAR T S
SEANAL LR o AR MRS RE AR K ME—FMEA UL H] vTaskSuspend() API bR %4 ;
I AE — A H R S 1 AF 55 e BE ) M — ik 12 st 2 W vTaskResume() &
vTaskResumeFromISR() API pRiEL. K2 BN L 7 #AN 2 F 2l HE R R

WMRATSS A T ARSATIRES, HRE R A FHZE MR A ok, WIXAMT S5 4L T3t 45 (ready
HE B 48RS . ATt S LS5 e wlaiatT, (HEE R (ready) igqT, 1M =i
FARIEAT .

TEKREEBE
B 7 X Z AN R RS B AT T 9778, A TR R RS TIRAES 1 1
W HHTA EBTAT F 20 107 R 7 vh G (K 55 #8387 H 21 FLZERES A EEIIR S
OCRAE ARSI PR Z 3 ——B 7 UL ZREA TR H 327
/ N\

| Not Running
(super state) —

4 N\

[ \

Suspended }1\
\ / \

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

TaskSuspend
X caIL:eg 0 /function called

B 7 SEERESREHL
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B 4. FIFPLEA LHAER

ZHT R 7 o A G (R A 45 T 2 R (R —— B AT B3R — AN RIS ), 4T Bl
HAE R, B RAEIR, W AT AR . 7= AR A IR IR 7 AR AR 2 SR A M A T 25 A A
AN A IE 36 G MR VAR A v BN R e (B B 3 IR R T XA TV
6. — BEARFFEIBATA T HAT IR, 7T Rkt L e AT %L

sz DUAA 5 2 B AN SRR, 36 & A ey Tk nd o 7R A I 2
B, AR5 SRR EIFBEA MR A R U, (R E KRS BRI AL BRI [], 0f b 2 3%
JE S R 2% . B 4 W3 T vTaskDelay() APl BBURACE AR IR, 6HX R A AT R
HEATZIE . vTaskDelay() ¥k 2505 24 WARFPIE B 11, 1B KA 55 S L WAR PR 28 12,

void vTaskDelay( portTickType xTicksToDelay ) ;

EFFiEH 11 vTaskDelay() APl R#RZE

# 2 vTaskDelay()Z %
ZH 4 Eiiipu
xTicksToDelay FEIRZ /DAS BRI . A S IR R BT 55 B 3k ANBHZER:, 248
FEIRFRE OB RS, R A

BT, MEAMTS5R vTaskDelay( 100 )i, CoBkit-fE
J3 10,000, WZAT 55 46 O FFAEBLIER:, B RO BRI ST 3
10,100,

WA port TICK_RATE_MS ®] DL KKt DL b g BT ) B () (R %%
3 kg DL BElk J 100 Ay BRAT PR S 1) 4 o

FreeRTOS 23
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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 ) ;
/> GERAMEH . W vTaskDe lay Q LALEAT 5571 138 1 1] DR/ FH 28 s o REAR INFA] BACoglk 4 20014
FAY, B portTICK_RATE_MSH] DL SR AE S R0 F ok FE 1) 2[RI AT 450 e o AN % 58 250 2 R I A &
W. */
vTaskDelay( 250 / portTICK RATE MS );

}

FFEH 12 A vTaskDelay () SRAE EIEH SLIILR

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 i
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task

running
running
running
running
running
running
running
running

running

running
running
running
running
running
running

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

B 9 Fros BIHRAT IR T LAARRE Ay At LIS AN R e 5 10 W AT 55 S AR T A4S 2]
PAT. BIROD T R, 20T R B S I RATIR T

FreeRTOS 24
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B AR AR A R Bhint B G, DRiE R MES T (B0 H

MEF AT A AT) e AT 7 VRN S AL S5 HEAT VA 11538

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
|dle

|

Y 2 13 Time tn

prints out its string then calls vTaskDelay() - and in s
doing enters the Blocked state, permitting the lower
priority Task 1 to execute.

3 - At this point both application tasks are in
the Blocked state - so the Idle task runs.

I

1 - Task 2 has the highesf priority so runs first. It T
0

Kl 9 H vTaskDelay )fA& =& 5 HHATIHRE

A KA T I AMESS S BT 30, JFBRCH B LD Be . XL 9 5B 4 W] LUK
I A5 LA SE AT 2 )y S T AR 55 M B fE
B 4 JEILIZ SR S RS T I IR I AT TR —— 45 RS AE55 S e ]

BATIE A T KRB ABLE IY]. E 9 WIS TIRURE ol LA 21, AT 55 AR 48 SEIR i JY]

R
BRI

WAL TRLZERS, ARS8 E S B A PRI IR A oy P A B 8 P i) CAS 451 v A 55 11 52 s A
SUR T AT Bl A 455 5 o

EE 9 Prosifs e, AR5 BITRLIER E, AT T LBk R — S B
SRJE XA UCENBLZERS o BT LUK 2 BN Tm) 8 AT A B HIAT 55 L da AT (RINAC AT AT 55
Kot as), DIEBCAT N AT 55 ol IO FEE NIs AT &5 . XAHE DL T, ASHAES5 15 L
AT AAMESS W] ISR ST TR, S RGP RE At B — N R A

B 10 L L] 4 PHES IPIREFEB TR . BHERMES AR e S 2

i, #ezeid HIEIRES .

FreeRTOS 25
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| Not Running
super state P
(sup ) 7 N
Suspended H\
. J \\\
vTaskSuspend()
TeskSuspendy cllod

vTaskResumef()
called

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

B 10 M&ERT I 4 HHRREHB IR

vTaskDelayUntil() API &%

vTaskDelayUntil()25{LF- vTaskDelay(). ] dis s —4E, %L vTaskDelay()
2 HUH RAGE AT S5 ] vTaskDelay ()21 V]t BH 2B AL 5 2 AN DBk
FEZ5 ORFFAE BH ZE AR IR I [R) & HH vTaskDelay () I H 2845 € , (HAE 55 25 B ZE 24 1) I %)
SEfr _EaE AT vTaskDelay ()4 i H I —ZI ) . vTaskDelayUntil() 112 HUf /& H k45 €
{E55 2 T BHZE S BE N L4 ST — 2 DR Ao Bk v 250 - AP B84 vTaskDelayUntil() ] LA
FH T SEB— AN ] 58 AT J 30T AR 5 5K (AR 7 ZE LR AR AT 25 LA ] 5 A0 4 J) ST 1 R AT )
15 o E T FH 0 R B RO AT 95 At 3 BEL 2 R IS T 00 I 221, R ARR 138 T I 220 PR AR X
IS] ) SE kS At (R B FH vTaskDelay () AT LA S 3 5 kS A 1) R S92 ) o

void vTaskDelayUntil ( portTickType * pxPreviousWakeTime, portTickType xTimeIncrement ) ;

RIS 13 vTaskDelayUntil() APl ER$EES

FreeRTOS 26
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% 3 vTaskDelayUntil() 2%k

SR it

pxPreviousWakeTime Itk Z4ir 4 e vTaskDelayUntil()H T~ S8 3N 55 LA
Il 5 A JE IR AT . X PO T pxPreviousWakeTime
TRAF T AESS b — B I B ZE 35 (Bl e ) (T I 220 03X I 1)
WHAE— DS SOk AR5 — B B ZE A
Zl

pxPreviousWakeTime #& [ [ 4% & {6 & & APl & %
vTaskDelayUntil() i it FE et B 80585, NHREFER T 1%
AR KWL, T E A S S IE . PR
14 JEoR T RXASHIAE 7%,

xTimelncrement 2w 4 I AR 2 BOE vTaskDelayUntil() FH T SEBHEAS
F 55 DL LA g A 26 J8 1 AT —— 3X AN A0k 2 il

xTimelncrement $5 % 11

xTimelncrement ) B A7 2 0 Bk B 3, w7 DUAE H % &
portTICK_RATE_MS £ Fb 5 Ay 0ok 31

B 5. B oRBILEHH vTaskDelayUntil()

1 4 R PAMT 55 A2 AT 45, (R A8 T vTaskDelay () JGiE SR UE SATT 2 A 1 2 1
PATAER , RA X PIAMT 5518 H B ZEZ 1 2040 T vTaskDelay () (18 %1 o 8 i 17
H vTaskDelayUntil(){t#% vTaskDelay(), fiX AT BEAT 4, AR PLIX AN LE ) i)

o
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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;

/* A ExLastWakeTime s EMAI AN A T DBRTHEUE . BT, X2 iz g mE——xa AR . 2 )5,
xLastWakeTimel7E M $ivTaskDelayUntil () AT Hr. */
xLastWakeTime = xTaskGetTickCount (); |

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

for( ;; )

{

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

vPrintString( pcTaskName ) ;

/% AAESHERER L2 5 0 Fb A I IHRAT . [ilvTaskDelay () BREC—FE, I TRIMEE LB A 47 1,
LMl #port TICK_RATE MSH =204l LBk, L ExLastWakeTime 37T
vTaskDelayUntil () " HENHEH, KICATEN AT 8RR, */

vTaskDelayUntil ( &xLastWakeTime, ( 250 / portTICK RATE MS ) );

PR 14 {FH vTaskDelayUntil ) SEBURBIES

%1 5 izirimit 5B 4 eeMiE, EZ%E 8.

Bl 6. &IFFHESAEFIEMES

R A 3 I T AR 55 LAy SR 2E 5 sUTAR R R G470 « Al &

P
P

It

RPRT S MPATIARE,  FRSEBLRAT E BUN M R ST N .

o EARSGH 1 LAIEMMES . KWAMES U AMEHIT BV 747 5, REfF 4
FE AL

IXPANMESS BT T AR n] RE- 2 BCEATTREA BLIEZS I APL 5, P LUZXPAME S5

LT REES, BARTEiTE. BA R RIAT SRR A b 2 (B4
440, continuous processmg)”E% R EATTR A I, BEARTEA)

I E AT SR BT AR S FPER PR S5 IS 2 AR FAE B 15,

FreeRTOS
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o BEAMEL QIR 2 b, m T RIS IR XTS5 AR 2
FTENST AR, (H e e B3, BTCLH T vTaskDelayuntil(), 7655 RET
El2 fEik B a At TR ZE S .

JESIPEAE S5 S BURIS Z: WRR RS 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( ;; )

{
/% ATEHSRHUES 45, ML, WRER, </

vPrintString( pcTaskName ) ;
EFFE®R 15 flehiFs B S SR
void vPeriodicTask( void *pvParameters )

{

portTickType xLastWakeTime;

/* VliitkxLastWakeTime, Z G4 {EvTaskDelayUntil () H HEEH. */
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 ) );
EFFER 16 Fler FMES KLID
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B 11 g TH 6 RS T gs R, K 12 xR BIRAT R 5 X0 (A TR AR

iR

i5i DOSBox 0.72, Cpu Cycles: 3000, Frameskip 0, Program:
continuous task 2 rumming
continuous task 2 rumming
continuous task 2 rumming
Periodic task is ruming
continuous task 1 rumming
1 rumming
1 runming
1 rumming
1 runming
1 rumming
1 rumming
1 rumming

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

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

B 11 %6 FBITHIE R

4 — Bk 7 7 ST ) & R BT 4 LR HER B,
B UL32 M0 4 % 46 5k 4 A5 10 0k BB 0 45 55 B AT A
B 18 26 20, B bL 37 B0 9k 74 7 4. R AT A, B ML 5
SR —KATE R 2 5, # A vTaskDelayUntil () X E
HELEA.
ey = s - mmasaATEES, Bk
S (B o |EmpEREEREsREn —
BERE) - wxliEgEs | |EERSES IR, SRS ET
e A Y V| — #A1],
ZAMBENTRE, WCLv e i T
Periodic ‘ e
Continuous 1 pr— 1’—

- VI I Y RV e
Continuous 2 ) o - éﬁg’{%%\%ﬁif- i8]
Idle : . N
[ t1/t2 t3 Timets %

2 — e Bk I AL, B 4
Z. B FANEEESAARAGER | [3 - OHACKTHALE
FABCR Tz KB BELT A 4 SRR U S,

TIE], P LA FF & FUPT— % F w15 L4 S HUAT.
B CHE M — g S22 i Rabsaatdl
ZRMEE TS,

B 12 6 KT
b A ] DOSBoOX FEALL B A T AT, DA Bl e o b W S 31 52 45 1) RAEAT A
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1.7 ZREFEZERES BT R

Bl 4 TP G (AT 25 B i RIS A TR ZE S . XPRRES N BT A AT S HB AN T 18T,
JIT At AN e I B s v

{RAL PR 2% B T BACR R PAT—— I A DB — AME S AL Tis 4T3 . O T IRIIEIX
—r, 4 vTaskStartScheduler()if, W EZ#s2 A0 — NSNS . SHIES 2
AR RN IR A B R IS ML, B AT BLIEAT

AT S B AL SE L (TR FE 4k O) LAPRIE AN Wi a5 HAT S A S8 21 B AT 55
BENIBATA 48R, WA AT BRI A BTN AR 45 B 7R 5 S AR S5 AR RN AR e
P by ARG, R —RERT UM A AT 55— 3= e 2

BATTERARIL S T LLORIE — B S S e AR S5 BEARLEE S, SRSt r
EIY)HIstras. X — il LIEE 9 /) tn IS ZIE K, 4555 2 IR FHZEAS, ST
G AL EIIH R LRSS 2 $0AT o 4E55 2 R 12305 (pre—empted) T WAES . #ih
e HE AN, WIFATZE e 55

2 AL S5 T B
T 2 AT 4540 1 sR B (BRFRIE1,  hook, or call-back), A DA 875 25 AT 45 Thifs
ISR AR R DI RE o 2% AT 5544 1 eR B e AT S5 BRI 30 — sl B 3 — 1K
T W PR AT 551 R B T

SRR (7 1 (T 25 A ST e AR S H RS AT I A WA HAT, 7
DI 5 H1 243 PR AT 2% oy P £ A 0 BT 1) 3 1) LA SRS 266 (R 40108 B B 2 /0 8 42 I Ak BRI
i)

ORISR (L 2 i, AR AR R T g
i B PRI I, R gE A BhHE NS
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25 PR AR 55887 BR B0 SE B BR 71
75 PR 55 41 R 80 25038 N LA R

1. AR . SRS RS EAE S A AT A S AT (R AR R HIE
T A WEFISER) . DME Iy B 2E 25 AT 5580 1] RE T SO R 55 RE HEA

BAras!

2. Ny AR R $ T vTaskDelete() AP AL, W7 P B4 R A0 2 Rl LR ]
DA AEAT S5 M B S, 2 DA 55 A i [l AR T 30 G R 2 DR 55— H e AT AR 4
TR, AT IR T A

75 WAL 55841 B BU R AT R I 5 17 FIoas 1) R 5044 A0 R s Y

void vApplicationIdleHook ( void ) ;

RRFER 17 ZRESHTRERE

Bl 7. B X—ANEREEE TR

) 4 AR T B ZEME BT vTaskDelay() APl BREL, 277 A KB 10 25 N I [ ——4F
KR 25 AT 25 S A3 BIBAT DR AL AT 25 35 A1 BHLSE S o AT 2% PN 2 7 i 4
A I 2o B I ) o FARUEACHD 2 AR FPIB 52 18,

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

unsigned long ulIdleCycleCount = 0UL;

/* 25 DN AR 1 pREC AR i 44 hvApplicat ionIdleHook () , IoB At ik |aE . */
void vApplicationIdleHook( void )

{

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

ulIdleCycleCount++;

BRI 18 —MEWE RN ERET R
FreeRTOSConfig.h 5 i1 B 4 & configUSE_IDLE_HOOK A% 5E X A1 1, iXFEAS
VR A45 0 1 R B A2 4 1l
A4S SR O AT T/ B, H AT ENi A2 i ulidleCycleCount (1)
1, WREFEE 19 Pis.

FreeRTOS 32


ruanxiaosi
下划线

ruanxiaosi
下划线

ruanxiaosi
下划线


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( ;; )

{
/* FTEEI AT %, LRI E#sulidleCcycleCount [FfH. */
vPrintStringAndNumber ( pcTaskName, ulIdleCycleCount ) ;
/* Delay for a period for 250 milliseconds. */
vTaskDelay( 250 / portTICK RATE MS );

}

BRFER 19 RSEUESIAR T4 H ulldleCycleCount #{E

B 7 14 45 R 2 ILE 130 IRl DR Y (FE B U 1), 25 PRAT 55 8 1 ol A
AT S5 HIRR A A IR H g T (15950 4.5 million X

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 fiE T SR
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1.8 BURAEFMEL

vTaskPrioritySet() APl BR%{
API %% vTaskPriofitySet() r] LLH T 7E I & 2% )5 80 Ja SO AT E 55 AL SE 2

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

TEFFIEH 20 vTaskPrioritySet() APl R#R%E!

% 4 vTaskPrioritySet() 23k

SR ik
pxTask W AE B S R AT 55 1A (B H A5 4T:55)——27% xTaskCreate() API

bR 24 pxCreatedTask LA 1 il i 45 21 4F 55 AR 5 1 45 B o

E45 T Lol A2 AN NULL ERAE S s 2.

uxNewPriority  HFRAE45- R0k v & BB se 4 b v s e I T s K mT A
2 (configMAX_PRIORITIES — 1), W&k A shE TR AME.
= configMAX_PRIORITIES /& 7F FreeRTOSConfig.h k30447 ¥ &
AN 1R I 2 07

uxTaskPriorityGet() APl B&%{
uxTaskPriorityGet() API s HUH T- AW —MEE L 5E

unsigned portBASE TYPE uxTaskPriorityGet ( xTaskHandle pxTask ) ;

TGS 21 uxTaskPriorityGet() APl EBUR A

FreeRTOS 34
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% 5 uxTaskPriorityGet()Z: % & ik [Fl1H

pxTask B B S5 AR (H bR AE55) %2 xTaskCreate() APl B2 %1

pxCreatedTask LA T fif i fa] 5 2I4F-55 148 7 THI R4S 2

45 AT LAl A% N NULL R &) F S 2% .

iR [R{F PAWESS I Z AT e

%l 8. ARMEFMEL

WP B AR T B4 AT 55 I # A B e R INAESS, I HENZATES
AAIHN & S A vTaskPrioritySet() APl K UL AT S5 AR L6 2, LAk 2]
X R BRI —AT R IR

TEAR AL BB AT SS o IX PS5 A AT T FHAT AT 25 2 L e NBHZEZS I
APl R, T U PIAMESS AL T8, HAR TIsiTA—XFE I T, HES
WP AT B e RIS KT

il 8 FATLL AT A 77 2

o (55 LREFFIEF 22) QI e, MMRIEIL AT Bl seisdT. 155 1 55
ITEVE AP AT , RJERHE S5 2B B 23) et 8 3 2z b

o f£5%5 2 — BT LR R shAT (ENBATR). il AR K l fig
—MESATIEATRS, PTLLAESS 21817, RS 1AL TS

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

o {155 2 AR A CHIEFEIRAE TS 1 X0 A s e R ESs, I bME
% 1 P NIBITAS, AR5 2 pesliI A4 4.
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void vTaskl( void *pvParameters )

{

unsigned portBASE TYPE uxPriority;
/* AL AT S5 2 SEIEAT, PUAAES IR e o AR5 1AUES 2 A A FHZE, FT AP %
LWRET RS, EARTIETE.
TWIAAT S M ATISAT IR R - R —ANULL{ER R <RI A CORIREL” o */
uxPriority = uxTaskPriorityGet( NULL );

for( ;; )

{
/* Print out the name of this task. */
vPrintString( "Taskl is running\r\n" );
/* ACALS 2 AR R E B M TAL S LI 6, ST 55 2 57 BN B HAT (RUAAT S5 2 BUAE R T A AT 5%
AT B LB AT S5 ) » TERM ] vTaskPrioritySet () I BIFIAT 45 2 (AR i B2 a ¥ iR
WA XA */
vPrintString( "About to raise the Task2 priority\r\n" );
vTaskPrioritySet ( xTask2Handle, ( uxPriority + 1 ) );
/* AAES RAAr e TAR S 2N A 55 BIHAT . BRI, MRS58 AT BRI, 452 IR LR
ITRET, IF B8 SR e gk B R AR S AR e e %/

}

RFER 22 6l 8 S 1 KsEIUY

void vTask2( void *pvParameters )

{

unsigned portBASE TYPE uxPriority;
/* AR LA HSE A E), PUOMESS 1B R gt . AE5 1ML 2 AN BHIE, FrLA & Akt T
MR, HATIETE.
TWIAAT S M ATISAT IR R - AR —ANULL{E R R i R A CIREL” « */
uxPriority = uxTaskPriorityGet( NULL );
for( ;; )
{
/* HAESSIBATREIR L, ARSI R CLIsiTE T, IPRAS SIS AR TS 1A ./

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

/* F B O g B R E . AEIBNULL AR R R “ SR RO A g” o 0 &2k
FALE VAT S L BIR BIPAT - AR 1 RS +/
vPrintString( "About to lower the Task2 priority\r\n" );

vTaskPrioritySet( NULL, ( uxPriority - 2 ) );

EPER 23 4l 8 HHIMES 2 TIRG
FreeRTOS 36

SR scms



FESSAEEWAME S A QLR FFRA R — M7 B A ——E ] NULL
P o HATTEREAMT 55 75 25 | I EAT 55 IO I A 25 F B 55 FUR . 47 LUATE 5% 1 AREEL
LSS 2 LSRG, O TAkESS 1 RE AT BIMESS 2 IAIR, (EAES5 2 galdtm A
PR IF I ORAF TR, AUBTRPTE B 24 R b G s (1

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

int main( void )

{
/* AT LI AR e g2 o TS SEATH A, ®ANULL. (TA AL HE, BEANULL */
xTaskCreate( vTaskl, "Task 1", 1000, NULL, 2, NULL );
/* The task is created at priority 2 cox/
/* ARG 2GR b - BIESC AT 1. AR SH0 A B, BWOANULL. HAT45 2 AT 55 fUmi s 4
M3, #HefixTask2HandlefJiblfE N,  */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 1, &xTask2Handle );
/* The task handle is the last parameter  *A°AAAAAAAAAA */
/* 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

}

FEFE®A 24 ) 8 h main() KB LAY

B 14 o 741 8 TS, 1 8 iisfrim i 45 12 WH 15,
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3 - Task1 runs again when
1- Task1 runs Task2 lowers its own priority
first as it has the back to being below the

highest priority Task1 priority, and so on

Task 1 -
Task 2

The ldle task never runs

as both application tasks

are always able to run and
: always have a priority

|d |e j above the idle priority

t1f t2 Time \
/

2 - Task2 runs each
time Task1 sets the
Task2 priority to be
the highest

B 14 ] 8 IATHLE

DOSBox 0.72, Cpu Cycles: 3000, Frameskip 0, Program:
is ruming
to lower the TaskZ priority
is ruming
to raise the TaskZ priority
Z is ruming
to lower the TaskZ priority
is ruming
to raise the TaskZ priority
Z is ruming
to lower the TaskZ priority
is ruming
to raise the TaskZ priority
Z is rumming
to lower the TaskZ priority
is ruming
to raise the TaskZ priority
Z is rumming
to lower the TaskZ priority
is ruming

to raise the TaskZ priority
Z is rumming

to lower the TaskZ priority

is ruming

to raise the TaskZ priority

B 15 8 KEfTHigR
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1.9 MERAES

vTaskDelete() APl pR#(

145 7] LIAE ] API % vTaskDelete VB B C o EAF55 .

RS WM IS A RAAAE, MASHIEANIZITE.

25 AT 55 I DA A2 20K 70 Bo 25 M BRAT 55 B AP RE RO DRI — AR 2L, IRt
At 1] vTaskDelete() API BRI 55 T 0 AN RESE 28 AT 55 B HRAT I TR AR AL

s S ] — R U AU AT 45 B BN A28 ] A S AR AT 45 A I A sh [P AT
45 B PR A A 3 e 8 e R e B R R T

void vTaskDelete ( xTaskHandle pxTaskToDelete ) ;

TR 25 vTaskDelete() APl E#REA
# 6 vTaskDelete()Z:4L
4 Hhik

pxTaskToDelete  #MIFRAT55 1) AN (H A54T:55) %% xTaskCreate() API p& %111
Z4) pxCreatedTask LA T fif ey 45 24T 55 AR 7 T F115 8

45 ny DUIE S A N NULL RN ER A .

%1 9. MERES

e AR R e s, AT R

o f£45 1 W main() B 1 b T4 1L BT, UMY 2 6)iAF4% 2. B
A5 2 B mmted, e r B 24T . main() s £ rdEARas 2 I
JPiE R 26, 145 1 SRS 2 RS 373 i 27,

o 155 2 Mt A, HAMERAC. i fgE NULL {HLL vTaskDelete()
KR A, HIEA T 4R RN, L2155 3 A, 5% 2 L
PEACHD IR i 5 28,
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o TS 2 4 H MR G, 1155 1 oA Bl Se BT 55, P LAk 4hAT, 1T
vTaskDelay() FH ZE —/NBEE 7]

o HMES LHEAMIEIRE S, EWESFRPITIIHLS .. TS SFIAR B
TR PIAESS 2 3 BEI N A7

o fE55 1 EITHIER IR, M UUS At e a& AT B LR HMAESs, 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 41 9 H1 K main() R 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" );

/* BTS2 e . */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 2, &xTask2Handle );

/* The task handle is the last parameter "8 AAAAAAAAAA */
/* RS 2 B el DM 1847 21X L, R4 2 D& AT, MBR T H C. 1155115

AT, ZEIR100ms */
vTaskDelay( xDelaylOOms ) ;

BIFER 27 6l 9 RS 1 IEIARE
FreeRTOS 40
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void vTask2( void *pvParameters )

{
/* ATG 2t A, FUEMER B S MER B 2] AR ANULLAE, X BN TR, 2B NILH AN, */
vPrintString( "Task2 is running and about to delete itself\r\n" );
vTaskDelete( xTask2Handle );
}
EPER 28 9 HYES 2 LIAE
ahout delete
ahout delete
ahout delete
ahout delete
ahout delete
ahout delete
ahout delete
ahout delete
ahout delete
i ahout delete
running
running ahout delete
iz running ahout delete
B 16 )9 B THIEGR
2 - Task 2 does nothing other than delete
itself, allowing execution to return to Task 1.
Task2 =
0.
Task1 s, h
|Cik3 é ----i-q,----------q —
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 19 HhATHIE
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1.10 AEHEZE - f#d

PLoEHt b A E

ARG 2R T FreeRTOS fEAHA g LLA LI 7 ik — M4
FEIAESS K HAT o

o REMESFHIRT T — ML

o REMESHS AT LI AE T DB ARG

o (EAEATINARER AT —MESS 1] UL a1 RaSs

o P28 SURAE P A AL T2l A AR 55 R £ B A S LS RN AE 55K AT

XS (AU 5 5 SRR D 5 DL SE 4t ORIl e Pl se gt R R
RSP T T — S, RIS RARER W ALA 5 SR CLREBAE S 12150 « "y
AR IS A A S O I B AR, WA T AT A AR S5 A e AR,
WRZAT 55 B 238 e T AL S5

155 ] LAAE FLZARAS S A, BB EIN R A sl 2t zh & . iR
FAAETANREE I 2, LEAnBLZE RN o I TRl S w1 R T BGE IN A7 o AE: 55 81
HH T R 25 0 RE AT BA A AT B BRGRAE 55— Bl 5 e, AR [R5 30
T AR RIAT Ny, HAnEAS S A Bs 203k T .

B 18 i B 7R B HTRE PP A TSRS R L 1 3 oy 2GR 9470 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 @— :ni d .
Task3 (ow,eventy | wm pm  —- 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 PITHETHEERL N
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W 18 H1R:

1.

FreeRTOS

B WAESS
ARG HAT BARILES, PrAE S sl g 55 T &, WA
St —— Wi 3, 15 A1 t9 I %,

. %53

5% 3 & ANFMEIMEST . AR M EBAR LS, Eiedim T
WSS HORT I T AL P ZE A A5 R HOG L I o B2 iR A I L
MEHZERHH 245 A5 - FreeRTOS 1 JIrfy (AL 55 [l E A HLAI (A A1, f5 55 H4F)
AR LA LKAy U T AR S DA S AT 55 R B FEL2E

FAEAE 13, 15 LLK 19 & t12 Z [AI SN I 20 A . R ARAE t3 A t5 I ZI iy A
DA RIS A, DRI S 2T 45 3 AET Al T4 e e . Rk
7E 19 2 112 Z (A A ZI K FA T A G DAL R P, 72— H AR 112 %)
R A HA R e R TS L A% 2 Wifeisird, HAERT 2 %, X%
ML NBRIERS, (4T 55 3 b HAT s e it 4 AT 55

1145 2

1155 2 & — AN FIWHAT S, A s T4 3 IR TAE55 1. AR 4 A A b,
{148 2 BHEEAE t1, t6 F1t9 I ZI4AT .

£ 16 I ZESS 3 b THEATAS, (HARAAESS 2 A A mi s, prblsitd
155 3, FFLRGRISAT . 155 2 5Esb R, (6 7 N 2R FIFLZERS . [FI,
1E55 3FFLLEB B NIBAT A, RS sb B, 1155 3 7 18 IN %I HE NFHIE IR

1145 1

5 1 2 ADFMREMESS . 55 LT AESH B mm g, Bitn]
LIt T RGP RTINS . TR E R, AR5 1 FF R AEAEAE 110
%), MBI 13td 7RSS 20 R 9445 148 t1] INZIFRREE AR IERS 2
Ja, 555 2 A1 UL RS8R B
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PSR

M 18 1R LU B 56 2 53 e 7 a4 AR AS b 5 e 3 R AT R 1)

AR Ry — et TR, 56 BCAEE SEE I T 6 FRAT 550 e 2 o i T 58 U A I D RE AT 55 AR
Jedl. BIHE BRI, AT R AL B3R R, AR RN T, LARAIE
S R A i s 532 B (1 95 K B o

FI I %R ¥ (Rate Monotonic Scheduling, RMS) & —F i HI AL Je 243 lic oA
FURRHEAT: 25 F S 1 AT O 3R 23 e — S ME— B DR S5 0 o BAT o g A IR T P03 AT 55
WY AL 2 BAT AR AT IR AT 55 I T e A Se 4 . XA S5 4 73 1id 75X
WAIE] T R] LU KA BEAS B F R > i T i P (schedulability), {H & 3247 I Ta) AN & LA
FHARFTA AT 5 A0 EAT I, S A A X Ry s A T v SR 1A 2 B 0

o

ARPEE TG . FreeRTOS 1] LLERER FHUME R IHEE .

K A2 B EME R B2 A%, AT BEAEIS AT AT ST RN B ZE S B Is 1T T 55
A taskYIELDORY, A< #iAT B RS, RS KIEA G, mRAAM R
QLSS A BB AL BRI 18] o Db 2 XA ARy sC B AR LA Ry o, (Hm)
RE= FER G N AL

UL A 7 S VAT, X SR R W A5 R b B gk AT B SCl e,
MG SeVF R F A= A48 AT, (RIS TSR EEIANT o XA 4 R 2 15 2 T T
I 1] FHLARI 3 AT AR G e BOVFRX I TR, D3RS TRCR, JF HIX o —F
JH B0 A TG
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2.1 #E%

T FreeRTOS [ FFEF tH— 200 ST (4T 5546 | —— B AT 45 408 S LA T AL
PR /NFR P o IX BT FRAT 45 2 TR AR AT e <5l i A Bl A AR T I R 8 Th g .
FreeRTOS H A 1815 5 [F DML IR & FE T BA S SEELY

AR 7L~ 34

o Wi B — AT

o BAZIn e EE AL A

o W] [A) A S AIE A

o W EASRE

o BAFIPHIE A AR

o TERAIISGER MBS RIS, ARSI AT AR

AT R AL S5 Z R REAE . 4555 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 8l B 05 o BAAI AT LAORAF (1 S5 K e E H i
N BAFBRSR L™ AEBAA B I s 28 5 HAREERREAS FRLIC I R

WHNGOL R, BIIgAE FIFOGGRESC ), B thBA SRR S N, MBS i3
e =R, HBAITE S A BT REN

A RAB S N Bt 1 3 I 71 5 DU S Ak 2 DA s MABA AT H Kt A AT
BAA A A K s 1 DU ER . B 19 FEBL 1 BRSNS N e A, DARZ e S A0 B A o
Kl 1520 o

A#HZEFHFR
BAZIE HAT B NIRRT N AZ XS, TEAN R T B TAERIAESS . BT ES5 A nT LA
][] — BAB S AFNEL o — AN BB 22 05 B2 W 3, (H i 22 05 3 1 B2 AR D iE 2]

EJURTIER RS

RAMESF IR BB, HRTLARE — A FHISEIN I 18] . AEIX BN a4
RENF 7S, AZAT 554 DRy B AR AR BA AN EE AT R I E AR 55 B P Ik R 55 1 7
TEHAERF A R SN T 5l , %AE 558 A ) L ZE SRR 0l &5 . 55 (X I o)t
o T ARE K BLZE I T, RIAE BB 0 e AT 288 » 4155 o S M HLZE S e 44 25

I BAA o] A2 TS5 BRI, P LU ASBAA T 5, L n] AT 2 M5 AL TR 2E
WA LLEERF I 2 XML T, — BT AR, ety — MES Sk kk
BLZE, XA AT S R AR 55 h U i s AT 55 o LG A B A S A A 45 HOAE 22
T FI8 22 A0 £ B 2 PR A 25 R ot S8 A di A TR 55

SRAFIR P ZE
[FIEEAS—#F, AR5 Al LAAE S BRSNS Fig 5 — AN FHLZEBIN N TR) o XN ) 240
BAZICIN , A 5530 N BHZE 2R LA BA B 5[] 4 2801 e A I 1]
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HIF BRI AT A MESF SN, PO AN, L n] BEAT 2 TS5 AL TR 2E
WASLLEELF A AT R ERMESL T, —HRFIZR AR, et —AMES Sk
BHZE, XSS PITAT S AR 55 h UL i s AR 55 o i W R P A7 S84 55 L e
FHIFS 82 i B BH 2E IO 55K 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
., BMEFAE - RKSARNE(EFIPHEHNL0).

EHFBELEAET T HEHE L, WA
Wk . AR EESBT — XL T F
TWERHWA.

B 19 I EiTERG
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2.3 fEHIEAS

xQueueCreate() APl &3

BAZFEAE FH 06 20 S 4 1) e

BAI S BH Ok xQueueHandle 1178 & 4T 51 H . xQueueCreate()H T-fill # —ANBA
A, A —4> xQueueHandle AR LAFE T A1l (A S| BEAT 51 .

HEIEBASIIN, FreeRTOS MMEZ ] 173 e 4727 18] o 3 C 1% 18] FH T A7 il BA 91 £
I G5 R AR 5 DL R B AL B B R TT . SR AR HE TR S R R RS B BA A,
xQueueCreate()K R [Pl NULL. 2o kT WAAHES B SE 215 5

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

FAPE . 29 xQueueCreate() APl R E %l

# 7 xQueueCreate()Z % 5 iR [HIE

e e filiik

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

uxltemSize BAZ o £ PRI BE, DA A BAT

Sl NULL S8 17 25 103 25 1] 3 L4 DA B T 5 BB SR
AF NULL (R~ BABI B Bl o EhaR RPN 4 R A7 Tk, PAAEA
FRAE I A B R A 4
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xQueueSendToBack() 5 xQueueSendToFront() API E#

T R R B4 i e T A ) —FE, xQueueSendToBack()H T B & 12 51 BA 5]
F&: 1M xQueueSendToFront() FH T £k ki 2P\ 1 .

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

AP G0 AN AE b W R %% il AR o i A xQueueSendToFront() Ik
xQueueSendToBack().. Z i it th K22 2 hie A 1] xQueueSendToFrontFromISR().
xQueueSendToBackFromISR () H 17t 57 1K Hiv 45t s SAH [ i 2 fil . T S 7 2 — 7 rh
PRI

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

FEFFTE B 30 The xQueueSendToFront() APIE# R 7

portBASE_TYPE xQueueSendToBack( XQueueHandle xQueue,
const void * pvltemToQueue,

portTickType xTicksToWait );

TEFFE . 31 The xQueueSendToBack() APl B ¥R

% 8 xQueueSendToFront()5 xQueueSendToBack() & £ 2 H M ik M|1E

BWE, Hiik

xQueue HARBAZI AR . XA REZ T xQueueCreate () B &1 bA
HIE IR [

pvitemToQueue PIEHARHIFRE o JLAE Ry EALHI R H ARBA A P A # T

AR QU B IN T BAS o 8l B os R, BT BAos i
b9 1] ) 2 T S DS 258 PR A0 2 BA A 47 DX 4k o

xTicksToWait BHLZE RIS I 8] o S0 RAE ACIE IR BA S g, IXAN IR TR BRI AR 5540 T
BH 2 A S5 A BA S 2 18] A7 801 B K S A IS D
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AR [FEL

FreeRTOS

R xTicksTowait #% & 0, Jf H BA % & W , W
xQueueSendToFront() 5 xQueueSendToBack() 1437 Rl ]

BH T 1] [R) 2 DL 3R G000 6 JE1 39 49 B 1) BT A 0] ) TRk T R 4
DEA W portTICK_RATE_MS A] LU 230 Ca ik i 1] 27
L ok S DI ) BV

i B4 xTicksToWait % & A portMAX_DELAY . Jf H 7F

FreeRTOSConig.h % % INCLUDE_vTaskSuspend 1 1. 7
2 BH FE S AR AR ST PR

B AT RE M IR [P

1. pdPASS

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

RV E T BH ZE B IS I 1] (x Ticks ToWait Al 0), ¢ p& B0 [0] 2 /i
T 55 5 45 2 7% 1) BH 28 25 LSS A BA A 25 1) A R — 1 8 IR 245K iy g
WP E R e D 5 N BIAF, R £ <33R [1] pdPASS.

2. ermrQUEUE_FULL

e O S R N | S T TR W P G SR TN [ 5 4 (]
errQUEUE_FULL.

WUV E T P IZEB I I ) (xTicksToWait F 0), 7E &%kl
AT 554 Bl e s 38 BEL ZE 28 LU A 91 2 ) A7 280 o AF T 38 0 52
A7 FE AT 55 it v W 55 )R T B BA 71 T i 4 = ), R 5 2 k%
[n errQUEUE_FULL.
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R
BRI

xQueueReceive()5 xQueuePeek() API %
xQueueReceive() H T M BAI bz il (52500 et 87 . B2 W8I 80 7 [T IRE 25 MUBA 271

Hh R

xQueuePeek() 1. A A BAF1] Fvz e $eetha 8 7, AN [l B2 3 AN MSAZ il 422 i 1)
10, xQueuePeek() NBAAI EFEH B J5, AN B EBASI R REdE, AR
HHEAE BB T BAF it

PIEASEEAE b K R 25451 R b i L xQueueRceive()F xQueuePeek(). 27 4> iy A
[r1: 4% AP B3 xQueueReceiveFromISR( K4 7E 55 — i hiffik .

portBASE_TYPE xQueueReceive( XQueueHandle xQueue,

const void * pvBuffer,
portTickType xTicksToWait );

B 20 xQueueReceive() APl E#RA

CHFEHTE-B AR TE20"8 ? IX e RS0 IBUg,  IFAEIF AN 4)

portBASE_TYPE xQueuePeek( xQueueHandle xQueue,

const void * pvBuffer,

portTickType xTicksToWait );
B 32 xQueuePeek() APl B¥ A

# 9 xQueueReceive() 5 xQueuePeek() i % 5%k ik Ak

SR

xQueue

pvBuffer

xTicksToWait

FreeRTOS

it

BALBAFN AU XA AR I xQueueCreate() & 1% 5\ 51
INNIDEYEIE =R

TR Ar R . AR —BeA X, RO A S 5 DTk
R .

Kot oo EEAE B A S I it e seE , P LR ETH R [
A7 DX AN 224 A2 8 DR A — N B8 H e

BHZEHEIN IR TR) o AR BN RS D22, KA I ] S AT 55 40 T
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R
BRI

AR [FEL

FreeRTOS

BH ZEAR A AT DA B3 A7 20 1 B IS5 AR P 7]

Wik xTicksToWait %4 0, I HPAZIA=, N xQueueRecieve()
5 xQueuePeek() ¥y 7 Rl 7]

BH ZE 1] [R] 2 DL ZR G Co e J SO0 R S5 1K), e AL 0T I TR) B o T 3R 4
DM . B portTICK_RATE_MS A LI SRk N ] 7 5
e AP ISS [R] B

an B4 xTicksToWait & & A4 portMAX_DELAY , Jf H 1&
FreeRTOSConig.h #1 ¥ & INCLUDE_vTaskSuspend % 1, 4
BH JE S5 A4 e A B IR R 1 o

BT BEHIR R
1. pdPASS
WA MG IR [P pdPASS, ARG A& Al D A BAF H s 21 508

R e T PHZE I I (] (xTicks ToWait 4E 0), 7F B H0R Bl 2 /T
25 ¥ 4k e 7% 21| FH 28 2 DLEE AR A A B A R —AE B I 21K B BE % I
BAB A R DD B R, R 23R [9] pdPASS.

2. errQUEUE_FULL

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

W e 7 PHEEBR I (xTicksToWait JF 00, 7 BRAGR [0 2 |
155 K5 e ¥ 3 BHLZE 25 LSS A5 DA SRR AT 28, (B L B IN 5047
FCEAE 55 52 P W7 ik 55 9 RE A BA A i 5 N Bl R i 2 ik (]
errQUEUE_FULL.
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uxQueueMessagesWaiting() APl &%
uxQueueMessagesWaiting () H 7 1 A F1 = > aif A 24 5 o AN 4.
PIEASEEAE v R R 2545175 T i L uxQueueMessagesWaiting(). W 247 b i i 2%
fifi FHEL o 22 4 B A uxQueueMessagesWaitingFromISR().

unsigned portBASE_TYPE uxQueueMessagesWaiting( xQueueHandle xQueue );

FEFPB A 33 uxQueueMessagesWaiting() AP B REAL

7 10 uxQueueMessagesWaiting() i 1 2 % & ik [rl{H

xQueue e EHBASI AR . XA AR RDZ T A xQueueCreate () fill i 1% A F1 I
173 [AE .
i [FE MHTBAF ORAT IR B SR T AN IR ] 0 R BHBAA 0 2

1 10. ZPAZI I BE2E

ABRAGAIE— B, AT S AEASIh S5dl,  DL A S el e
XA BAB B SRR AF long L SR IC . FEBAA R S H5eHis (04T 45 AT 1 o BELZE R I IS
[, T2 A S AT 550 1 A I I ]

A 5 H A AT 55 TR 6 AR T- B2 AT 55 AR e o 3 SRS BA A PRl i A
SARFRE I — AN EHE T PN — B H RS NBAF, BRBAAIATE 55 32 R AR bk B 28,
S SIS, I ABAB BB, [R] I HE A BA S B —BA 47 73— 2% Ay 2 oA
H]a

FEFPIE 5 34 I T 5 BIIMESS AL e Bl SXAMESS B T AN S, —AA
A A S TR S 8UE 100, 1M 53— SEEIAME AR A S o 5 ANEUE 200, (55N HZ
KU R R BN S 3 45 5 N

FreeRTOS 54
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static void vSenderTask( void *pvParameters )
{

long IValueToSend;

portBASE_TYPE xStatus;

7% ZATES LA, BT LS NS AR S5 N D S8t — X Ry AASAFREAN S s AN R 1
fio BAAUBIEEIN & 52 H A 50 Rong By, T AN 10 2 B4 il 6 oAy 25t BT BERIF AL >/
IValueToSend = ( long ) pvParameters;

7% MIRZHATH—FE, RMTEFBRET —BEIE D </
for( 55 )
{
7* TEBNFRIEHHE
B ANSEREE NS ASITEH 288 8h 2 At G0 7, Frbloe b4 4hd7 .

AN SHOE PR BRIt b, A R IValueToSend ik

A SEGE L IER IS I [A] — qBAZI, AE55 e AR ZOIRZS LLAERE BAB A [ A 8 AW b s A7 e i
ISR, A S BA SRS e CRFFA L Al STl 2y, I DA YA 20

*/

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

if( xStatus != pdPASS )

{
/> FORBAE TR GIE e — IR RAAAE R, BB BB SIA T REW . >/
VvPrintString( "Could not send to the queue.\r\n" );

}

/* RFHERIETAHIT.  taskY IELD QM A1 B8 IUAE sl D) B B AT 45, AN 06 S5 B AT 45 )
[ RFR */
taskYIELD()

EFER 34 6 10 F K5 AFIES KBS

FEFPIR 5 35 JEHL T B RAS AT 55 AR S . BERASIAT 251 E T 100 220 (1 BH ZE 8 I I
), By Ak N BHZE AR LRSS A B AT 2. — BN S s S e 2, i R A 1)
Hn oA A N T 100 2200, AESTR S MERRRLZE . AEAHI, RkizE A2
Pl 100 Z RIS, U PIAMESAEAMSHE R oS K

FreeRTOS 55

SR scms
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static void vReceiverTask( void *pvParameters )

{

/7 GEEARR, H TRAE A TR B s . </

long IReceivedValue;

pPOrtBASE_TYPE xStatus;

const portTickType xTicksToWait = 100 / portTICK_RATE_MS;

/> BALSSARRIE TG . >/
for( ;)
{
7> SRS RIAI—H b2, B AT S-1 5 R ER RIS N A Edi foc. >/
if( uxQueueMessagesWaiting( xQueue ) =0 )
{
VvPrintString( "Queue should have been empty!\r\n" );

/7% BB S
S SRS . BASIE I 5 R 2 AR 2 T, BT L FIRAT 04T

5 AN SR R MR B O e X i, A R AR B IReceivedValue il AR BRI
BAFHSHh e R RAR RS, T AT AL RN R B B i

BEASHOE I I R — MBI, AT45 % NBLIERE DL R A I B A 3k AN v i =
portTICK_RATE_MSH k¥ 100 Fh i} I [A) 46 45 2 LA 2R G800k Ay 5407 140 1 TR

*/

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

if( xStatus == pdPASS )

{
/7 R, TRk, </
VPrintStringAndNumber( "Received = ", IReceivedValue );
3
else
{
* 2547 100ms AT WCERHE 4
WARAFAERT R, PR RIZAT S AT AT A S T 5 AN B >/
VPrintString( "Could not receive from the queue.\r\n" );
3
}
¥
FEFEH 35 4 10 HH93EBA SRS KBRS
FreeRTOS 56

SR scms



FEFFE . 36 & T main() R B sE . SLAE R iR R 28 < Bl 77—/ NBAFI R =
AMISs o RAESHTSS L Ao R B A3 BA S SE B B AEAT T AR AN T 22 T — AN Bdis
BIG, AEEIEEBIE T /NI LUR E I 2 5 4 long U FIBAS

/* FEW—AEA, xQueueHand e HAL . HH T ORAFIAZI ARG, DME —=AMESHET LS RG] >/
XQueueHandle xQueue;

int main( void )

{

/> GBI TR B 2 5AME, RSBl O AT L B8 1 2 AR A — A long AR i >/

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

if( xQueue = NULL )

{

* QIS ATUT 5S4, AT 5 N LS EH T8 AL BT IRIAE Pt A— NS ANS U BA B A ik

100, i 55— AMT55 S A A BA S 2236200, IAME S AR SE AR I L. >/
XxTaskCreate( vSenderTask, "Senderl', 1000, ( void * ) 100, 1, NULL );
XTaskCreate( vSenderTask, "Sender2', 1000, ( void * ) 200, 1, NULL );
7 QAN S ARG 2, = T EARS ISR */
XxTaskCreate( vReceiverTask, '"Receiver', 1000, NULL, 2, NULL );
7 JRANREEES, ATSHIEIAT </
vTaskStartScheduler();

}

else

{
7= DA KM/

}

/= WR—PIEH, mainQ RN IZSPATEIX R . HA AT RIZ I, 1R AT HEAE AT HE S A A 3 30 N

G TR . S T YRR S 2 00 T AR E T I E R~/

for( ;5 );

¥

EFER 36 6 10 F/ main() R ELIARE

5 BAIUT S AERFR G R A taskYIELD(). taskYIELD ()i 4011 & ¢ 37 R34 74T
SO, MASL S B HIAT S5 1O 1] AR . AT task YIELD ()55 sk 3 1 IS
BEFIBATAS o T AR PG BNIUE S AT R AR S5 D 564, I bA— HH b — AT
W T taskYIELD(), 71— MEFSKSFEIIAT — P taskYIELD()MAT 554 2
FREGAS, I 5 —/MESBENZBATE o IXFEIE AT AR IX P AT 55 50 B AT A 21 i 5L

FreeRTOS 57

SR s



i A 21 sl DA 261 10 9% 45 2R

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

B 21 %) 10 4R

B 22 JEg7s 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.

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.

Receiver _
Sender 2 T’
Sender 1 |

H Tme %\/

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 fl 10 PR HIPATHRE

FreeRTOS

R
BRI
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BB 138 & Ham T

—AMESS WA B HRIOR A 2 AN SOR RIS R 2 W K. Tl RO R
e, it ZERE R KR, TR S FORE R E i b B, — ANy 5
OB ANS L A R A, SRR G ot (5 1 i BRI B B 23 XX —
T EHAT T I

typedef struct

{
int ivalue:
int iMeaning;

} xData;
P Controller

Bl 23 ZHAsR T A SIEBIN — T EE

ME 23 ol LUE

o QU ABAIIH T ERAFIEAN xData (G MR EE o0, SRR G BAE T — Mk
PEAE AR K & St , 5 S—NEE AT BA— IR P AIE BB A

o OREEHUT SN TR R RS ThAE . L 00 B AR R g AL R GEIR
A AR

« CAN RZATS5H] T35 CAN B4 I DIfE . 24 CAN B ZAT S5 RIF AR — AN
SE s HA IR 5 1 B3 xData S5 AR R R AR RIS . Sk R iMeaning
i B3]k A SRR AT 55 RHE XA H S R T AT A1 — K R s ] LUR
o, XN RS LE R . S5 iValue F 53 T BALE A Jedas il 45 i L)
SR AR o

o AHLEH (HMIESS TR A AL D D REREA T B o e #A1E 53 ml g i % Fof
Ji AT A 2 A S HCE W, AW TUE S5 /5 ZERR LB A AT R I O F bl =4
Pl BN a2 e, ABLE D45l xData 45444 fir & &1k B vh Ry 55
Zikg R iMeaning B B3 Tk R HIE S5 SHIE XA Ei 2 HER AT A1) —
P R v DA Y, XA &R ST S B e . A5 iValue /5 ] L
ik SR P A 55 JnE FAR ) BB AE

FreeRTOS 59
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Bl 11. SRAFURFHEE / FERAF Rk S H 44

Bl 11 551 10 RMEBL RS BIHESS L BB IS5 LG A #ie 1, RIS BASIAE
5 ISR TS RAIEST RIS e S IF HAG] i BAF 3 AEAT: 55 Ta) A% i3 45 1 A 5
SEPTE RVTRNIDR S Stk V6

FEFPIE B 37 Jeon T4 11 T2 B a5 i ke o

/> E X BIIMER R S5, >/
typedef struct
{

unsigned char ucValue;
unsigned char ucSource;
} xData;

/* FHHP S xData kB &, Gl AT, </
static const xData xStructsToSend[ 2 ] =

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

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

BFER 37 EXRSIEENEgREN, FHEHERB KR ZEREAG P EH.

FE1 10 HHEEBASIMESS AT e e, BrbABAIIA AT — AN LR 8EE e,
R — BEE S ST S HEBNS, BEBAIIAE S5 S Rl 5 H A SIAE 55, HENIE A
e ok 7E6) 11 7, GEAIMESS HAT e fti e, PrUdBAAIEH SO0 N —H
FEAE TR o X R — BB AL S5 BRI R s e — Bl e, A5 BAAIESS
AU SR S ASAE S5, SERINIERE AL B HORT 5N, a8 5 A BLZE S LASEAFBA
LI ELIEE R @

REFFIE B 38 e 5 ASIMESS IS BRI . SRAIIESSFRE T 100 2280 ) FH ZE 8 I It
(], DUSEAE RS0 I e N BHLE AR LAAE R BAA S [0 AT 2. REABHIERS S, — HLBAB =S )4y
Mo HOESEREE T 100 ZABAAIAS N ER, R RERBLZE . fEAGI, Kk A
SIL 100 ZAVE N DL, P A ST 55 £E AN A BA B 5z HE HSctie A i i L A
F s 1)

FreeRTOS 60
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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( ;: )
{

/* Send to the queue.

s

FANSHOEK ERE B S A k. XA EE R MRS AN S H AN, BT LA

pvParameters.
F=ASHE R UEE BAF (I E xStatit xQ que*
{

i [H] vPrintS stngskCould not s Send to the queu\r\n"i)M™MS; })
/5 HEAA 31; =#

FreeRTOS 61

SR scms



static void vReceiverTask( void *pvParameters )

{

/% B ARAR S DLORAE S P 3 R s s >/
XxData xReceivedStructure;
pPOrtBASE_TYPE xStatus;

/* This task is also defined within an infinite loop. */
for( ;5 )

{

FreeRTOS

SR scms

/7 IS AR GeamAR, Bt LA U REAE S BAAIMT 45 PHIE RS BIPAT . 1705 BAFIT S RS TEAIE
WA s ENBHLZERS, T LA BA BT S5 AT I BA A 5 il o o A RA S 0 e e IR AN B0 4 56 T BAA1 11
R — RO ASIRE N3 >/
iT( uxQueueMessagesWaiting( xQueue ) 1= 3 )
{

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

}

/* Receive from the queue.
5 A SHURAF ORI (A7 ) o A ] SR — AN HA 28 25 AR/ AR B i

B A BHOE L ZEABIN I 0] — APIASTR TG e B II 0], [RA 2 BA AT 2 LA AE A A I A 2 15 201 TS
WA R\ S A I P26 =/

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

if( xStatus == pdPASS )

{
7 BRI, FT O B & B R . </
iT( xReceivedStructure.ucSource == mainSENDER_1 )
{
VPrintStringAndNumber( ""From Sender 1 =", xReceivedStructure.ucValue);
}
else
{
VPrintStringAndNumber( ""From Sender 2 ="', xReceivedStructure.ucValue);
}
3
else
{
/> BB . X R R AT #R, RO SS R SCTEBA I N A 4545 BT */
VPrintString( "Could not receive from the queue._\r\n" );
3
BFER 39 fl 11 iz RAFIES B SR,
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TR K main()55 B0l HGE R JUE TN s o B A ECR] BLORAF = A
xData R HE o0, JF HAZH T 5 NSIESS 5 BB ARSI S . A6 main()
BRI BUARAS 2 WRE FF IR 2 40,

int main( void )

{

/7 QI NI H TR A7 2 3 xData S M 4R .o, >/

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

iT( xQueue != NULL )

{
/> NERPIULS A E2A5H],  The
155 NS TAL 8 Rk 2B A i et . PRI e —AMT S4B — HE A
xStructsToSend[0], 15— AMFEBNFIH-— 5 AxStructsToSend[1] . X PAMMT-55 (A 56 40
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, KT HAIUEF LT >/
xTaskCreate( vReceiverTask, "Receiver', 1000, NULL, 1, NULL );
7 JRANREERE, RIS MERIPAT. */
vTaskStartScheduler();

}

else

{
7> QISR >/

}

/> WR—P)EH, mainQREANIZSPATEIX R o HAEHATRIZ I, AR AT HEAE AT HE 2 A A 3 230 N

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

for( ;5 );

}

FEFEEE 40 1l 11 B9 main() EE B

A 10 AL, 5 BRIAE S5 AERE AR H 88 =SB TAE 55 D)0, BT DL Rdle 2> ¢
RS ARSI . B 24 JEs 7] 11 A 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 mEHgR

B 25 KB HE 5 INIHE S e 2 m T BANVE S AL e i, AT S5 AT .
X 25 I VEN R RETE S ISR 12,

Receiver = pmm =

SenderZé

Sender1§

12 3 e 17 18 1 \/

to

Bl 25 # 11 MPITHRE

FreeRTOS 64
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t4
t5

t6

t7

t8

t9

FreeRTOS

11 ¥ 25 (E SRR
it

SRS LA EIAT, IFTERA h AE S,

HIAFES 1 DB 5 ASIES 2. 5 AFIES 2 HEBAF kit Hdis
HINSES 2 OIS BAFIMESS 1. HIASMESS 1 UK B S AR, 32
BAA13

SRS 1 VIR S BAAIAESS 2.

HIAIMES 2 WKEAEAS S A S G Hl TS W, Bl S EASIESS 2 ¥
NP ZERS LA A S A R IXAEAF B BAIIMESS 1 FRIRAF 2IHRAT
HISMES 1R EAERSI R G A S s (Hil A 2, PrUSBAAIESS 1B
e NFRIER SR IS A R BRI S A IESS AL TRRZERS, XA A3 44
M e AR SE 4 L BA SR 5515 LLIRAT

B BAAAE S5 BRI e, IR H A el o A S R R e — HLEA 1)
B BIASEST 2 SCENRERRLZE, JF B ERAT e oegs,  prildtdy
BERASIESS o HRASIMESS 2 SRR S AN Kl 3070 B K3 BA ST 55 it
HH PR A i 22 1) 5 A BA A — AR o 5 BA A a2 S el 1 ] taskYIELD(),
HEBASIESS 1 i AL BERLZERS, TV S BAAIAESS 2 JRRGUIH &, 4RELih
7o

HIANSMES 2 WA R S A S G . EBASI i, PTEVS BASIMESS 2 Fe A FH
FER . PINGBINESS P IRIAIIN AL T RHZERS, P ASE ABIAE 55493 AT

B BASIAESS BRI e, IR H A el o A S R R e — HLEA )
B, BASEST 1 LB RERRLZE, JF B ERAT =L oegs prildtdy
BERASIESS . HRASIMESS 1 SAEBNS S AN Kl 3070 B KT BA ST 55 it
HH PR A7 i 222 1) 5 A BA A — AR » 5 BA A 3 S 5t (8 1 ] taskYIELD(),
(HEBASIESS 2 i AL BERLZE RS, TV S BAAIAESS 1 PRI &, 4RELih
11 HAIMESS 1RSI S A S s HBSI i, PrelVs AL 1 8
NPFHZEA .

PSS BASIATS5 P — XAl I Ak T BHZERS, i BABEBA AT 45 159 LALEAT o
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L SR BA A A it PR R A B RS A R g e A P BA A7 A A8 4 A 48 B i A 2 6t
HAn A AN b5 S P DUDE el D1 o A 3R o1 R AR A B B2
WA A LA B, SRR BRI R AT I, e 223/ i ft 33 LA
S

1. FEETR R P23 18] 0 BT B 25

ST AR N AE I, BOZAMRAS_ELRAE P AN AT (R R AME S5 R I

BUAtE AR AR, B0 LU AT U7 s 3 C 2 A A7 Bl e Akl 2B Uk

o Ji L E 3t A AR A AR B e DX BIBA B 7 i, PN 7 B SRR A AT 5311

S AR B MAS H i 1 2 5 L AR BV WA 25 7 A

2. FEET R ] ) A2 ) A 20AT 2K
URFEEHR A I A A2 T2 B BE I, R —MESS T o Lt AT A

R X BN B ORI s AN AT AR M55 F 07 R X BUAS Al

A7 A S =R w7 ST R o 2 o o L 1 PP S B 517 0 S T & L 4 3 2
AL
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3.1 M

A
f N 2 SE I R SR BN AN RGBT P AR A RO . 2807, DK M4
AR T AN B ALCEAE), FHEE R TCPNP WS EAT A P N) o B A3 AR 2R B¢
7 SR B [ 2 Sk AR R A, SR LA T Ak B S T i 7 s [ 54 AN (] R 25K
TESAIEOLT , AT AR S PR RINT,  DUIA 31 b5 A A A P ) S Mg
1. FHOF g A I 2 2 G R A Wy 2, AR SR T LUE I A RA
2. framHER w2 R RS BIFE(ISR) AL AT 2 K2 BLA ISR AMAME:
ALK WHEHT, ISR N 8RBT
3. FFan T N 2 FE AR OX BLARTE ISR B2, HE main()RE ) A5 2 X L8 Qs 2
(] B4 74 Gl o L UL TG I8 S 0 A i 2
FreeRTOS Jf WA 4 il A S SR BRI S Ab BB, (R AR A T — Lepi PR A 73
BV N 53R FH I S s v A SE B, 1 S 7 AN ey B, i B e
AR A . A LL"FromI SR EFROM_ISR” 45 (11 AP bk ok 72 A Al UAE
M i 25 A0 R o

A E U T T R 2 VRS AT S
o WFLE FreeRTOS 1] API R E AT LAAE A W7 I 55451 rh A 1
o FEIR KT T SR ALAT SEII o
o MR EIHAME ] 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 W47

XA —EFSERE

AR S AL AR R AR R IR W AR IS AT S5 AR R B FE . A T AT 5 L e
[0 o AR AT BLAE o W i Ak B K TAEAE R APATE S5 b g i, IRk %5 B (ISR)
H HE P AL DA AR ik, R AL E AT DL B R (deferred)” 21— N b B
(handler){:5% .

TR BEA W b 3 SRR ) R S, SLAEIR A BRAT 25 A S 4 mT LA A e, BAERAIE
JEIR AL PIAT S5 BRI 5 R G h I EAT S5 XM, (IR AL BT S5 U R B Y ISR
B EE DM PITHES, e ESESE ISR T, A4 T AL B ISR
e, XM EAERE] 26 TR,

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
WEIB AL AT S5 3 — e 5 34T FHZEVE i) "take 1, R SR HE AR ZE S LAAE:
PR MR AR, ISR MR AME SR give B fE, (B8 A BT S5
FREREELZE, TS AE SR IR AL BEAE 55 45 BIUAH I R b L
SR (Taking, i, 238 % UL FE N IRE) A1 45 1 (Giving) ™ i 5 i M 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, HIJE
[¥) Increment. P(S)V(S)EAEZME S =MW IR TFEIE, S {558 Semaphore, #H
BT MR, TUARGER B, — A FARSE, WA EM N5 & 15E . P(S)IV(S)
RTFHBAEAUTATN:
P(S): IF (S <=0) THEN KARLEMA S MR AT

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

IF (S >0) THEN M 52k i

R
BRI

LEXF W R A S TE T, A5 5 Al VR A2 —NREE 1 BIAS. IXANBAA i T
I 2 H e A — MR 50, P AR 2 WA T I — ™) o B IR AL 2R AT 55 H
xSemaphoreTake (), 2521y B ZE i [a] M sz A A, S A B 4 25 A 1 AR 45 ULk N
PHEER . MM RE), ISR faj kil il i F xSemaphoreGiveFromISRO)KE — >4
FR(E SR BRGSO RS o X AT A IR A BT 45 U B ZE 2, IR
B4R, HAF B IR BN e TS SE U IS, IR, RIRBA I =,
BEANPBHZESS, S5 W& BARBEER 27 ha iR

Wi 27 s, WS HME SR, HERRIEE SR IR T as s AR
SSAERIUE 58 JE I AGT R . IXALE A AT 4 UL IGO0 5 325 B AHL., IX g
S RGO IR R, XA e A e 5 5 I & KA F AR e & T,
1453k 13 (Take) T St 2 Ja, W A#345(Give) [l k——wn[m] 55 DY F 4k —FF
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vSemaphoreCreateBinary() APl B #{
FreeRTOS 1 &R 5 & I AR A7 72 xSemaphoreHandle & (1) 47 &1
A s B2, Al EE. G# ZEHE S E AN
vSemaphoreCreateBinary()AP| i % 2

void vSemaphoreCreateBinary( xSemaphoreHandle xSemaphore );

EFTE 41 vSemaphoreCreateBinary() APl &$ 5

# 41 vSemaphoreCreateBinary() =%

WA filiik

xSemaphore SIS 5 &
B 4 vSemaphoreCreateBinary()/F sEE F 4t —AN%2, FrlA
(G2 AR N Y AR, A AL . AT TS A B0 H s
#iw] 2% 47 5.

2 (55 APL SZBE b AU SELIN, TSR B AT b B3 2 1 7 T 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.

—

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.

ask

FreeRTOS

B 27 EA—AZERSELIESSTHFES
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xSemaphoreTake() APl BR#

“i7 2E (Taking)”— /M 5 & = 4 "R B (Obtain) "2 % I (Receive) 5 5 & . H A 41
A IR A USRI, FEL S S A F, xSemaphoreTake ()55 [ T—1k P()
HAE.

B H &1 5 B (Recursive Semaphore, BN S 8, 200 % K5 h 5.

AR m)A, B 2R AE SRl DA I e 7 xSemaphoreTake() kAR,

{H xSemaphoreTake () A fi F H K7 i 45 452 H i .

portBASE_TYPE xSemaphoreTake( xSemaphoreHandle xSemaphore, portTickType xTicksToWait );
FEFFTE M 42 xSemaphoreTake() APl BR#RE

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

ZH ik
xSemaphore REAT 25 5 &

=5 E X xSemaphoreHandle KA AR5 . 5 5w AEAd
F AT 205 61 2k

xTicksToWait BHIERB I I [A] o AT 552 AN PHIEAS LUSEAFR 5 S U B K I ]
iR xTicksToWait 4 0, I xSemaphoreTake()7EfE 5 & LA &
SERIIR ],
BH ZE IS [R] A2 LA AR GE Lok R U0 BT (), I LA I TR R e T R G0
A% . H B portTICK_RATE_MS 1] DL FH KA 0 Bk I 7] 87 2
H R [R] A
an R xTicksToWait ¥ & A portMAX_DELAY , Jf H 7
FreeRTOSConig.h ##5 INCLUDE_vTaskSuspend 4 1, #4FH
FESEAT VAT B IR R A o
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A ES A AT BE AR B AR
1. pdPASS
HA—ME 02 IR M) pdPASS, IS I3k i 5 1
RV E T BH ZE RIS I 1] (x Ticks ToWait 1 0), £ & H0R [ 2 jif AR5

R A% BIBH 28 S LLSEAHE 5 A R WERAE - I BT 5 R AL
AT IR TERIG 3R M) pdPASS.

2. pdFALSE

TR e T BHIEAB I A (xTicksToWait JF 0), 7EREGR [P 2 FiifE
SR LR R L IES LR G 5 2 A . (HHEAENG S BEhHRE
WNER, TUASREE S5, &1 pdFALSE.

xSemaphoreGiveFromISR() APl &%

B HJF AR 5 & 4h, FreeRTOS 3CHF Y L& K AR A5 5 & ) LU i o
xSemaphoreGiveFromISR()4: i .

xSemaphoreGiveFromISR() & xSemaphoreGive() Ik 20, % 11 T Fh ik 55
B

portBASE_TYPE xSemaphoreGiveFromlSR( xSemaphoreHandle xSemaphore,
portBASE_TYPE *pxHigherPriorityTaskWoken );

FEFFiE# 43 xSemaphoreGiveFromISR() APl B3

FreeRTOS 74
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% 14 xSemaphoreGiveFromISR()Z: 4 5 i& [Al{&

W4

xSemaphore

pxHigherPriorityTaskWoken

AR [HfEL

FreeRTOS

filiid

5 5% hE X b xSemaphoreHandle 257 {45 55| 1] .
R R I [P v b8

MEAME GRS, TR AL AT AL T BLZESAE
P HAN. T xSemaphoreGiveFromISR() £ il15
SERANAR, Uik H AN SRR S5 D) H B ZE
A. WHAA xSemaphoreGiveFromISR()fii#3—AMT:
S REERFHZE, JF HIXAMTESS RIS g T AT 55 (Rt
FEM R IRTIAESS), B4 xSemaphoreGiveFromISR()4:
R BN B K *pxHigherPriorityTaskWoken  # 4
pdTRUE.

1 % xSemaphoreGiveFromISR() # i i ¥ K4
pdTRUE., JULAE A AR HY FiEAY 84T — ¢k [ B S,
DAY A AR AR AIE H K 1 2 % (] 381 el 4 S AT 45 AR e 2 4w
AT

A WA T RE R R [

1. pdPASS

xSemaphoreGiveFromISR() I ] k3 .

2. pdFAIL

WG TH/HOEAM, LikgH, WM pdFAIL.
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Bl 12. FIAZ(EF S EXHEL P WHEAT RS

AAGIALE Bl 55 9 R A — AN A5 5 AT 45 I BHZE 25 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, RMEHAZ— D IIER IRQ Tk M2 T, MK
PR BT A3 2 . FEIFE B 44 WU IXA FUVUT 55 1 sEARAS . T ZEUL &, AT
S AT 7 HE PR TR S AR AT BV — N A R SRR T DA R AT S R
WLHE T H AT 7 AT IR o

static void vPeriodicTask( void *pvParameters )

{
for( ;; )
{
/* WAESS I 50 0 /0™ A AN A ok AU kTSR +/
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 } /* XZKiBN=AHl «/
vPrintString( "Periodic task - Interrupt generated.\r\n\r\n\r\n" );
}
}

FEFFIHE 44 fIL2H T = A e O 0 R I 45 SEBUARTG
FEFPIR B 45 I IR AT 55 () R AR S —— AT ST A A5 5 B
A BT RIS o IXAME S5 AR R RARIA T 3T B — M S IR A IR
W] LATERRFR AT E 45 R P DU AT 555 P T A T 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, POEENAXNDERAVEIEN
/* FEFPIZATRIIZ B, SR B R A AU SEE b B R R gt —AME R/
vPrintString( "Handler task - Processing event.\r\n" );
}
}
BB R 45 Bl 12 FERAITE EIAE (AT 45 P Wi R D)
FreeRTOS 76
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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 —ME 55, DARER AT 5P PHZE . i =X B o] 4
24 pxHigherPriorityTaskWoken [, X271 H xSemaphoreGiveFromISR()
A4 BB pdFALSE, W1 RAE T I 58 S 4% o pdTRUE,  JURFEEREAT — R R SCy)
e

A5 Hh BT R 55 R (R, DA R S i FH 1 %2, #1255 T Open Watcom
DOS “I-&i#t, SHETERBE RSN, X TREEHKE, H2%
XA demo N HTZRY, LR IE A 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 )
{
/* wlifE

T DUE AR S IS 5 i AT S AR PR L2 o A7 H BEL 2 IR 45 TR L e D T- 24 AL 45 i o
% - i T—

UATS5 U4, AR T BT B 40 0] 810 1 BH 26 14T 55 (DL E =)

VLR fESCBrfd b, TsrA RG] LN SOOI 1) = MO T B AR R . EAR TR Y& L T Open Wat com DOS
B % .. LTS NIRRT REA AN F PNEEER o T SEBRE T 6, WS W Bos N B i 1R
IR, LAYE IEF AR

*/
POrtSWITCH CONTEXT () ;

TEFPTEE 46 5 12 FPERA TG R T AR 57

main() p& AR i 51, G AR 58 MRS, TP TR B, RS R B g .
HARSEILZ WARFFTE B 4T

FreeRTOS 77
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int main( void )

{

/* e T AL AT AL AUE A . ARBI R A T A TS S +/

vSemaphoreCreateBinary( xBinarySemaphore ) ;

/* 2B P W IR SRR+

_dos_setvect( 0x82, vExampleInterruptHandler );

/* KRS ATt */

if ( xBinarySemaphore != NULL )

{
/* OVEIEIR AN TS o AT 5 RD . ZEIRACPIATS5 AE QIR T AN At e 2, AR
HTR S ST AT . TR, O AEIR AR BRAT ST L3 */
xTaskCreate( vHandlerTask, "Handler", 1000, NULL, 3, NULL );
/% EE—AMES T R AR A R . ARSI e A T B R A BT 55 o B M 4B IR A FRAT 55 D
PHIERS, whasitdy TS5+ /
xTaskCreate( vPeriodicTask, "Periodic", 1000, NULL, 1, NULL );
/* Start the scheduler so the created tasks start executing. */
vTaskStartScheduler() ;

}

/* WR—DIER, main () MBASPATRIZE, KRR CETFRIZITES . AUREFIETH TR,

RATfe T RENAFAAN LM TIHNAES . H ISR 20T WA EIER +/

for( ;i )

}

BIPIEE 47 ] 12 TH main R LR
B 12 Bt 45 2R 2 W 28 R [ —HF, GEIR ARFRAT 55 7 P W™= A e LRI T

Fit LASEAR Kb AT 55 (1 im0 A5 SR P SR 55 (1 P 4 i A L 20 T B 29 AT it RE 4 Hh
TRE PR
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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.

&}

28 il 12 RESHAT KM 45 R

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

2 - The Periodic task prints its first
message then forces an interrupt. The
interrupt service routine executes
immediately.

unblock. The interrupt service routine then returns directly to the Handler
task because the Handler task is the highest priority Ready state task.
The handler task prints out its message before returning to the Blocked

state 1o wait for the next interrupt.

Interrupt

Handler

Periodic

Idle

1 - The Idle task is running most of the
time. Every 500ms its gets pre-empted
by the Periodic task.

t1 t2 . Time M\

4 - The Periodic task is once agéin the highest priority task - it prints
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 FARBEHPITRE

FreeRTOS

79



R
BRI

3.3 HHfEER

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

A

1. A

2. PWIIRSBIRE R B, 4y S S LU RE IR AL BEAT 55 R FHL 28

3. GRS BRI I, SEIRACBIAE G513 RIAT o SEIR AL PRAE S5 o — RS2
RIUE S

4. JEIRACPRAT S5 58 Beh Wr S Ab RS , B ORI 5 i —— i R N 5 500
RS UIN B ZE A S5 A AT R A

A5 W7 LURH R0 R A A AR RS 0T, IR iR R 2 AL B T 58 5 1K o G RAE
FESR AL BRAT 55 58 b — AN R TR (AR H 2 1, B Wi SORAE T, SR TR
FHFBAEAE S ST, R BTSSR B 5 b — ANk 5, SE R T Bk
PR AR WA U, IR AP ASAE I I SR B2 1), A REAZES ML,
K {55 B B — 31k, BTl xSempaphoreTake()if F I, 155 &L EIA 2.
XFE T A AR 30 HREAT I

R 30 LR S|, —AN T HAE SRR EZ AU E— NPt B
PREREAC I Z |, W FEAG PR A, A G 8RB W i & Ok i
MVHEUE S8R HE S =, A, R R WG TR T LUk 5.

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

NP Sy Tk |
TR S AR B (Given),  JLBABUH ) 55— NSRRI o RS AT
B T O A7 BT (Count) i
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L1

The semaphore is not

available...
.50 the task is blocked
waiting for the semaphore
Interrupt
xSemaphoreGiveFromISR() @]
An interrupt occurs...that
‘gives’ the semaphore. ...
ask
Interrupt \
xSemaphoreGiveFromISR() \]"I @] xSemaphoreTake()

J

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

ask

xSemaphoreTake()

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

ask

Interrupt i wl
xSemaphcrereFromlS% 7 m

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

The task is still processing
the first event.

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 —AMERSERS RRME— I TEEYt
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SR s

[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 semaphore count is 0 ask

xSemaphoreTake()

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

fmterrupt [The semaphore count is 2] ask

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.

The task is still pracessing
the first event.

[The semaphore count is 1§ ask

‘ L] % xSemaphareTake()
>®
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 “HH(Count)”




R
BRI

VAL B BT L F BRI

L Ffis

FERXBIE A, B AR AN, IS5 BIRE A 2 45 i (Give) 5 S ——1fF %5
SRR g N VBN 1 IR AL BT S5 AL B — AT 5 "3k X (Take)™— Ik
H 5 T AR RN A BB 1o 5 5 R i v L S e R A A
% H 5 CAL PR B H 2 I 22 {H . XML AT A2 B 31,

TS BT B S, e B N Mt B E gt ante s 0.

2. BRI

TEIXFp 2, 55 B ITH R A T 3mSR I H o —AME S5 SR U 1Y
PEHIRL, ISR 5 e —— (S R T 1o M BE I 0, WIRIRE
AR BAESAMARBEER TG, K4t 0710) (55 B—E 5 B HTHEUE
1.

FI T8 U5 BRI A5 5o, R QI I TR BUE e A6 A6 mT B85 . 5 DY 50
T RIS S R A A

xSemaphoreCreateCounting() API E#§

FreeRTOS T A7 R A5 5 = AN #R tH A W]k xSemaphoreHandle 287 (1) 48 &
TRAT-

SR AR T AT L A B 2 . 18 ) xSemaphoreCreateCounting() APl & 5k 6))
M S =

xSemaphoreHandle xSemaphoreCreateCounting( unsigned portBASE TYPE uxMaxCount,

unsigned portBASE TYPE uxInitialCount ) ;

FEFFER 48 xSemaphoreCreateCounting() API R A

FreeRTOS 83



% 15 xSemaphoreCreateCounting()Z %t 5k bl

SR

uxMaxCount

R
BRI

uxInitialCount

AR [FfE

FreeRTOS

g
RV EE . W RS 5 B 2R T BABII UG, uxMaxCount {H
il A2 BAB ) B R JE

AU S B F A B A TE, uxMaxCount #t 7t 1]
BAF A F IR R EH

MUE T = H T YRR U R ST B 1S, uxMaxCount W
ik BN T A A R I R A

5 R NG T BUE

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

M fE T E T RES H A, uxinitialCount Y X4 2% T
uxMaxCount——I[X 4 Y5 S m g BN, Brf i IR a2 nl Y.

WERIR A NULL {6, & ENAF2S AL, FITEL FreeRTOS JEik
ME S MDA FEE S BRI B I Ea R M
WA BT IR A

AR [EHE NULL {8, S5 S Al . SRR g RAr ke
KA A S B A

84



B 13. FIH T S BIAES A WrdtAT 7P

% 13 HvHEE 5 84S A 5o 12 SEBLET 1 oot . 1Bk main() ki £k
1 H xSemaphoreCreateCounting(), LAEE %} xSemaphoreCreateBinary() 1A H . #
(K1 AP FH WIRE A5 5 49 P

/* AR S R Z AL AU aE . AR ald TS SR WE S RERTHEE 10, WIHTHEUE 0 *+/

xCountingSemaphore = xSemaphoreCreateCounting( 10, 0 );

FEFFIER 49 {#/ xSemaphoreCreateCounting() SIE— S E

H TR A FA LU AR R, BT W RS BIRE, AR RE R R R4
(Give)fii 5. BANFIFABERIE S B TEUE b . 1B5US 1) IR 2SS R R e i
B 50 iR

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

xHigherPriorityTaskWoken = pdFALSE;

/* ZRGMAE TR RGN E IR A BT SRR E o o 4y T s R I A5 5 B < F
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 )

{
/* gy WG SR DMERAE R LS 5 R AR ST AR ER L ZE o SRt B 28 AR 55 I S 2w T 2 AR 25 I L 56
P - BRIIREAT —RALSS VI, DL DR P IR T 3R o] 3 A 1 BHL2E O 55 (RS wy)

VLA fESCBrfd b, TsrA RG] LN SOOI 1) = MO T AR R . AR TR IR & L T Open Wat com DOS
BRI o B P& TR AT e A AN R TR 2R o X TSEBR I &, 162 W30 NS A 1R
IR, LAYE IEF AR 5

*/

POrtSWITCH CONTEXT () ;

FEFFEH 50 I 13 H [ AR &5 HI R SE L AAG

FreeRTOS 85
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Hee R S ) 12 ARy, REFAAR .

B 32 Jigs 76 13 Mt 4R . R UG 2], SRR )R, SEIRARBEAE
G5 RE BT A W 2R RSP A P = A SRR AU, R ] ISR A B S R T R
DA SE IR Ab AT 55 7] LU 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 KmBgER
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3.4 FE A W AR 55 B2 A A BA S

xQueueSendToFrontFromISR(), xQueueSendToBackFromISR()5 xQueueReceiveFromISR()
539 /& xQueueSendToFront(), xQueueSendToBack()5 xQueueReceive() ) Hr 22 4=

A, & TR R IR 55 B R
H RN TR MBI LU FAFEAE, 3k mT BRI kA% 38 K

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

POrtBASE TYPE xQueueSendToFrontFromISR( xQueueHandle xQueue,
void *pvItemToQueue

POrtBASE TYPE *pxHigherPriorityTaskWoken ) ;
BEFER 51 xQueueSendToFrontFromISR() APl B # &R %

POrtBASE TYPE xQueueSendToBackFromISR( xQueueHandle xQueue,
void *pvItemToQueue

PortBASE TYPE *pxHigherPriorityTaskWoken

FBERFER 52 xQueueSendToBackFromISR() APl Ei#s !

# 16 xQueueSendToFrontFromISR 5 xQueueSendToBackFromISR()Z % 55 & |7 {H

S it
xQueue HARBAB B A4 . XA EIZ I xQueueCreate()
GBS (1) 3% [
pvitemToQueue RALEGIRIFEET o JLHR R ZZ 500 20 H ARBA S o 1) s
LTI

ARG A SN B T BAS el O R, P A
2 NAZ AR 4 [ 1 72 [ 5210 0k A 82 1) etk 21 B 31 £
FAi X 3o

FreeRTOS 87
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pxHigherPriorityTaskWoken X[ HANBAAIT &, AIREE A 1L — AT 4b T BHIES RS
R H B % M xQueueSendToFrontFromISR()
8¢ xQueueSendToBackFromISR ()£ 1 15 b\ 51) %5 41 A%
NAERG Prblesib Horp — AN ERHMES DI BHZERS . Wk
P HIZ AN API BB AS— M AR EREHLZE, I HIXA
S DL SE S T AR 55 (Bl 2 B h Wi AR 55),
2 AP 27E BN HR K *pxHigherPriority TaskWoken 1%
4 pdTRUE.

WRIXPAS API BB B 138 pd TRUE, NIAEH TR
HUBTRY AT — IR R SO . IXFEA BELRALE P KT L 32
IR [F] Bt 2 AT 45 AR S ot = AT 45

IR [AE A WA AT e R B
1. pdPASS
&[] pdPASS HoxAT — MO, HSHi e ot i sl oy ik
FIBAF
2. errQUEUE_FULL

i S Hy T B4 0 TG R B N, U R i ]
errQUEUE_FULL.

A RUAEF BAF

FreeRTOS W KZ % demo N HIFE > ih AL & — M 5L/ UART 3x3h, L id A
HURE AL 33 3) AIL T W R, ARAT FH BAZRE 55 B b I R o A R o A% B
P AR TR B R DA S A% . IR 8 UART SRR Alse Bl 5 0L a7
TS AT R T R AR R BB o SR BRI BB AR 8 B AR AR AR R AR
PR TS BT LU R 2 AN @ SO AE = ARG o o S5 B B o mT LR R ik
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AU 5 3

o CRHEREIN PR RS BIA A SR R e

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 HH R 9 5 TUSRABL) o XM AT HY - o8 Uit RS R e A

107 Rey

o SRR B AR AT AT AT DUBCE T R 55 58

1 14. TR BAFUAE A i R 25 AR BR OB R

A i s A

xQueueReceiveFromISR(). A2 HI—FF, KHBAFH Wi L7 (Es2 8.
Qg — AN UMES T8 200 ZR 3RS RIE HAEUE, HANEUERR R LS5

i r=A—

ANERAE W JHE S5 1 S IR 2 IR PR 3 53,

static void vIntegerGenerator( void *pvParameters )

{

portTickType xLastExecutionTime;

unsigned portLONG ulValueToSend = 0;

int i;

/* Vst s, M+ vTaskDelayUntil (). */

xLastExecutionTime = xTaskGetTickCount () ;

for( ;;

{

FreeRTOS

SR s

)

/% RRANFIIEARSS . FEABLIES, HENZHUOSITININZ]. AR5 RE20022 M HRAT 1K +/
vTaskDelayUntil ( &xLastExecutionTime, 200 / portTICK RATE MS );

/* ESTUCRIEBIE AL RING o KSR AE P W S5 IRE P B o P TR 55 B R 2 s A A7) 132

LA AT 55 7T LA DR T R A 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 S5 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 I EAFIES LIRS

89
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o T R 45491 75 2 45 3 ) xQueueReceiveFromISR(), B 345 & W4T 45 5 I A 51 () %k
E#A I, OB S . BN EMCEB R BUE AP T AR R A &R 51
PRI B 745 B R E B L 5 ] xQueueSendFromISR() A% 8 5 —ANBAAI .
T e 25 B R 1) S IRAR S SRR iR B2 4.

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 O0\r\n",
"String 1\r\n",
"String 2\r\n",
"String 3\r\n"

}:
xHigherPriorityTaskWoken = pdFALSE;
/* TEEPIT, HINIATIRA +/
while ( xQueueReceiveFromISR( xIntegerQueue,
&ulReceivedNumber,
&xHigherPriorityTaskWoken ) != errQUEUE EMPTY )
{
/* WS EdE, REIRPAL (IS 033) AR ER RS B EA B EREN AOE B — AT *+/
ulReceivedNumber &= 0x03;
XQueueSendToBackFromISR ( xStringQueue,
&pcStrings[ ulReceivedNumber ],
&xHigherPriorityTaskWoken ) ;
}
/* WA S B B AR MR BR L2 AT 5, LR m T 2400552 i, WIHATATES L seoie «/
if ( xHigherPriorityTaskWoken == pdTRUE )
{
/* YL FESEBREA T, TSR] ER SCUMR R AR T R AR A . AR R 2 L T open Watcom
DOSFAMEIN . e & F I T e A A R FEVEZER . X SEBR T &, WS nEos Nk 3
HIRBIFEY, DA B BRI . */
POrtSWITCH CONTEXT Q0
}
}
ERFEE 54 Bl 14 W RS BIFE SSELRED
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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
FLRIBAA A SRR, TRRRBCRI ) 745 B3 4T BVt o LS 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 F PR R EREES L, HLRECRE T EREFIRK RS, HITEHH

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

int main( void )

{
/* BAIIE TR e . ARG Th I TP BAS . — AN BASIT TRAF2E 8 Junsigned long e H, 55—
B TORAE R Ay char* A8 . PIANBAA IR IEET 100 70 SERRSH rp R 24 K85 30003 (91 LA DR BA 5161 2t
I */
xIntegerQueue = xQueueCreate( 10, sizeof( unsigned long ) );

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

/* LRTWIR S IR, */

_dos_setvect( 0x82, vExampleInterruptHandler );

/* BUEAESS I T AR P IR IR S IR b R U . LRSS L */

xTaskCreate( vIntegerGenerator, "IntGen", 1000, NULL, 1, NULL );
/* BUEATSS T AN R S5 BIRE FR A A5 s, AT ENdRT S o AR5 SE 202 +/
xTaskCreate( vStringPrinter, "String", 1000, NULL, 2, NULL );

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

vTaskStartScheduler () ;
/* WR—VNER, main () REASPATREIXE, BFOVIRESR QLIRSS AR EFairs 7ixHE,

IRATREZ BT R WA RMICE B B NAESS . SR LB RRME LR TAAEENELR */

for( ;; );

TEFER 56 6 14 FH main()RELI
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B 14 13t 2 WL 33 B bl LA 21, o R 55 00 R B 2 AT A K
LA AT AN, . 2 RS % B 34

ot C\WINDOWS \system32\cmid.exe - rtosdemo
String 3

String @

String 1

Generator task Interrupt generated.

Generator About to generate an interrupt.
2

String
String
String
String
String
Generator Interrupt generated.

Generator About to generate an interrupt.
String 3

String

String

Interrupt generated.

B 33 %14 B 47H8H

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 priarity 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 AT HE
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3.5 HlrRE

5T FreeRTOS BT RV ik . T Wik ET Z4E FreeRTOSConfig.h 1
R LT T FI I — A B A =
AT P T R 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 W 42 FreeRTOS AP
(o eh A s AT AR 5B 2

configMAX_SYSCALL_INTERRUPT_PRIORITY & '& W% A FreeRTOS API 1] Lliz
AT B P T Se 4

G AN P TR SR T ENE configMAX_SYSCALL_INTERRUPT_PRIRITY
M . configk ERNEL_INTERRUPT_PRIORITY 5 i (K40 H6 4 o X P Y £ 6] 35 H AT i o o
35 A R € B & configMAX_SYSCALL_INTERRUPT_PRIRITY ¥ &N 3,
configkERNEL_INTERRUPT_PRIORITY ¥ &4 1. [A]if Ak @ X R T T — N BA A
AR B 56 A B il s o 3K LB S A SR A B —FiE e, I ARRT R THAT:
] — iy 58 B A SR

FEAR S AN P WAL Se G 1A) s 257 — S8RV . 18 35 o Tt s g2
IR A SRR AR R T 8 U o R IT I SE GO e 4, B IR 5 B R O P0A T
S Z R AR IFARIBATAE TP WSS T, B BT A 55 B A 56 2 S5 T P s i)
PEPEAE e R 2 T BATATAT E R
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S 7 3N
:ﬂﬁr\“f_‘?fa
EEH}EH
- | TR
ﬁi%&lﬁ

& 35 e

o KT SES 1 B 3(E) I R T2t 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 H A i 2 A< 550 oh 0 S8 20K B P YE 1 .
oW OB OTOME BF MK M Db oBe (oW ML W) &M H & T
configMAX_SYSCALL_INTERRUPT_PRIRITY [5G4, AR FE S AN 25 He A g

=

H“F"“‘E
e

St

IO I T 3 B 5 o

configMAX_SYSCALL_INTERRUPT_PRIORITY =3
configkERNEL_INTERRUPT_PRIORITY =1

Priority 7

Priority 6
Priority 5

Priority 4

Priority 1

B 35 FETEHIEER AT ETRET N

o ANTFE AL FreeRTOS API g5 b, mT L E B R AL e 2.
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% ARM Cortex M3 i P HI— m$gmr

Cortex M3 A RSB 5 HE R m B8 L mie g h i, X BAARMBAH
M, FTUMRE s o an RARRES A th i TARIE e 4, e 25U T — A e 4%
SHAE. THALEG ERERER T O TR I T HUE), PKIAIXK A
MW E RGP IWMA RS NS —— W R AN K m T
configMAX_SYSCALL_INTERRUPT_PRIRITY, ¥R A] i SEUR L it .

Cortex M3 W% AR 6N 255, (HEANFH) Cortex M3 AbFEAS) 7 SEIL AR
FERALEANSARTE], T2 E B PR R A 1 AN AR 7 2ok SR Wil e 2. Hetn
STM32, ST WEKsNE R AL ERIEE N 15, M miiEHIaE N 0.

FreeRTOS 95



eeeeeeee

R
@ YRR



R
BRI

4.1 HE%

AL RGP AL — PRI RS o 28— AMESS AR HIZEA B A R e, RIE
A58 RE W ZER IV el I, ER DI HIZATAS, AR THE—30 AERRE.
U FEXAN AT 55— AT S5 T IR R U7 ) XA B, W) 25 T SO 1A 0 FL B AR
HOEE P

DU A2 — 4] 1
1. Vil ahig

FIBUWITETE, A MAMESHEAE A4 LCD 5 Hdfi:
o {145 AIEAT, JF1E LCD 5 F4%FHi"Hello world”.,
o 145 ABATS By, HULIZFF 5 A % #”Hello w”,
e /14 B 11 LCD 5”Abort, Retry, Fail?”, k53 NFLZES.
o f155 A MR AL AR SEAT 58 BRI 15 45 i i —orld”
LAE LCD BRI MR T (1°74F Hi"Hello wAbort, Retry, Fail?orld”.

2. PE-M-EERAE

TEFE R 57 JRILA & — B C AR FILAER01 ARM7 YL 2. ] DL H , PORTA
B e NN AL B A7 8%, E AP oe s, RG-SR NAE . XTI
- -5 AR

/* 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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KRR T ERAE, BN SE MR E R BN IR — 484, T AR AR AT R
Werblbr. W NEIE, WAMESHOE TR — A4 PORTA I AF WU 27 4745

o 155 AT PORTA [W1EINE R a7 A7 o h—— 4 MR AR I B R

o TEATS A SEIEAN AR MR S EAEZ T, #T55 B 4,

o 1145 B 5eEHI4HAT T 4 PORTA (8 ¥R, AR5k AL ZEA.

o 1155 A Mt b4k ST . BT —> PORTA [¥4% UL, ix LSt HUR % A7

BAEATSS A [0S 5] PORTA 2 Hij 8 24547 1k R

145 A EFIFRS T PORTA 2788l 7EAT45 A S5 UL o (A
52, f£% B XAEMT PORTA . M EfES A XI PORTA EI'S#4FE, HE
T4E55 B X} PORTA #ATHIME AR, BOR LAF [ TR T PORTA 517 ds HIMH .

RS LA AN 4 T A7 A B, AR BN T TR REE -4 R AR ) k-5
St (o

3. AR MARE T )

SR ERIAR 2 Ak 1A R, B0 BB AR K RO T AR R 1 B AR KR
(Lot BB~ 16 AL i) 32 A7 AR B2 AR FHRAE RIS T o WERIXHE 3R gl
W, Rl e S EERIA R K

4. PRECEN

IR —ARECT LA A M 2 AT, BUR AT S rh Il h S A, XA
PRIHUE AT A

AT S D 18 IR 2 8] S B SR A AE S A7 2 2 18 . ISR — N
R T ViR B OARZE R LRI RE AR F ST B, AayiE e
R, WA RO T A R B 58 Jn il T — ANl R, 1R R 59
v W NI EWNESE LR
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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 ATEANREORG)

/* 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 = 1lvVarl + 10;
1State = 1;

break;

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

break;

BFEE 59 ANUEANREOR
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NS

Vil ARSI, BRSSPI BRI SR LR HoR B
DRAUE Y AE A ] I e ORAF — B0k o SRR R 20 DR AT 55 AT 40 D7 17 B8 gt LA
fFett, HRXAGRIEKE B8RS

FreeRTOS it T Z At LLSCHLE v, (HsmUF B R Jridk CUER AT REMILE,
FEATIRHE AR 2 ) DRy Ot TR, A EICE B, s R R TR
AR I AT S5 Vi i)

RFEHELL L T ARLL T 2
o NtA, ChRAEAT A WA 06 BEIEAT B U5 B 5 4l o
o fFAJEIEIX
o HJFRfHAR,
o FEEARERA A= Lo
o {55 .
o T A H TS
o (T ARRMSETIH, UL RARSE AR AR S AT ol (H AN 2 T BR) HS i 1)
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4.2 g X HEER AR S

EAXImAX

FEA NG FLIX JE 5% taskENTER_CRITICAL()Y taskEXIT_CRITICAL()Z ] A
X [a), FRFFIEE 60 & —BitffLid. Critical Sections tH#i#k 1k Critical Regions.
/% 5 T AR PORTAZAZ AR VT WA HE 1T, 44U I R MO I FHIX

BRI */
taskENTER CRITICAL() ;

/* {EtaskENTER CRITICAL() Y taskEXIT CRITICAL () ZIEALYIHBIHEES. Hhr LT, i
e, (HHREH NG E T conf igMAX SYSCALL INTERRUPT PRIORITY[W/HT — 1y ELIX &8 R g4 1y 1)
FreeRTOS API PR%l. =/

PORTA |= 0x01;

/* BATEL5EM T X PORTAMV i, PIULT L2 BT IR A X T . */
taskEXIT CRITICAL();

TEFPE R 60 A s X X & AR 88 U5 R AT (R
AR BTGB TRAEH T —AN4% ok vPrintString () i 564, T LA bRuEs % &5
FRE XA FRdER T B2 Open Watcom DOS A] AT F& P 2435 7 11 . vPrintString()

W2 NN FATSS VR, B DABEIS b I e 5 S v 24 88 FH — AN I 3 X b v B L b4 7
Y. WREFERE 61 P,
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void vPrintString( const portCHAR *pcString )

R
BRI

{
/* fEstdout W E AR, A T DCOXF AR RS k. */
taskENTER_CRITICAL() ;

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

}

taskEXIT CRITICAL();

/* SVFIEAE R LN R IsAT . SRR RS U R (T RUB AR, A BRI AN BEAT TR »/
if ( kbhit() )

{

vTaskEndScheduler () ;

FEREE 61 VPrintString ) fRI—FP ] BRI SS IR 7 v

I S X S B D RE ) — R AR5 SRR (K SEIRTTVE o i 5 DX AR A2 B bt
R A e, B SR SE R AE configMAX_SYSCAL_INTERRUPT_PRIORITY &
DA B rh ——AR 8 T B A48 T () FreeRTOS Bft. #0 dval 1R Seii#e U AT REAE A
kb sE R, BTLAE ] taskENTER_CRITICALQ) A4S Al LAAE HP B o B (0 I B — T A
FREATA, HEDRHIERX .

I 5 DX s 20 R A AR PR I T, A5 D) £ Js sk Sk 5% ) v S v 12 F 1] o 7 45 2 H
taskENTER_CRITICAL()Z &, AR PRHLACE I H — > taskEXIT_CRITICAL(). MIX
ANBERE, RBRAER ORGSR T I X (AR PTG B 61 PoR), RN 'S i
FERFIA] B2 e — MK 8 E . DOS Al g5 1 Open Watcom &b 284 tH I ¢
ARWIEFNE T T2, PR R B W o AR R A SRR e A vk
kD

A X IR E R 24, U WA Y — MR E R T X SRR B IR E
0 A2 B IFIR H——RIE A A 2 HT i H Y taskENTER_CRITICAL() &AL E 14 H
T taskEXIT_CRITICAL()Z J5
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HilE (BUE) 45

A DU T R T R A A A A i X o A T PR AT O Ikt e R A B TR

BEACIE SIS LR B AR DX TR AN e A 55 5 W T W o Pl 8 5 24 S B s ¢
D AT BLGR 7 — BARIS X AN AT S5 4T I, BV A TR, @ e Re .

I SR B DR 111 AN 3 B i 5 8 9 P BT R S, T L 2% R SR P Ak A 8
Ao [HIEMLE (resuming, or un-suspending) i 5 2% 512 — N AHXT K A - BT PATEAY

W e i o A 7 A 22 45 5 S Bt 0L
vTaskSuspendAll() APl E#

void vTaskSuspendAll ( void ) ;

FEFE# 62 vTaskSuspendAll() APl ¥R R
WA vTaskSuspendAllQ) SR EERD I BEds o FEAD I BE A% ] LU 1k B R SCU) e As
IS W o T RS o W U S A ke i A b SR EA T R S, AN I SRt 4
ok, L2 LA A BT

xTaskResumeAll() API %

PortBASE TYPE xTaskResumeAll ( void ) ;

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

BHZ, Hiik

A EILIEN MBS FR R, BRSO Rt e db e, H A S
W e TR 5 A A5 B AT o G0SR AR L R S i K AR
xTaskResumeAllOJ[FHI4EFIH4T, WK%k pdTRUE. 7
BT, xTaskResumeAll()iz[f] pdFALSE.
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i 1] vTaskSuspendAll() A1 xTaskResumeAll()J& 224511, K A% A 43—
TREUR BT B A SRR IR L TN O I A 2 e e e —— B 7 by B4~ 22 iy
] vTaskSuspendAll()#SECE W H T xTaskResumAll() 2 )5 -

TEFIE A 64 R T SEBE I vPrintString () SEBLACHS o 33 A sz B 7 20 [0 2 30 i
L T JEE 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 () SEHARHY
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43 EFE(R_(HETE)

BFa R AR ) AEAS i, TR A B AT S5 U T L .
T MUTEX(H.J5 &) ¥ T-"MUTual EXclusion”.

T HRFSE, BRI S Bl E 2 I ORI 2 . — MESS A
BEEVEH DT IR BEYE, LA B D 4G 31 (Take) 1 BE U6 BV (1) 4 R (R h 2 TREF A ) -
L8 R e R ], L2 FIHIE(Give) S . AT IHIE 740, HEE5s
AATRERM AT, WA TR V) iz L= 0. — MBS BRARRAT T, A
SOV A B XL/ 36

BT Y G SR M BARZHFE R, (HE 36 s B (2]
TH ) e T 30 o (A EA S R TRZ). WK DO
TR S EAEPGRIT )5 PR A i -

o MTHFMMFESEUMTIL,

o TR R SRl R R A 2 F S, RHILE
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FreeRTOS

The resource being

The mutex used to u el b}te 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 {
/ reiirurie \
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.

N\

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.

xSemaphoreGive()

ask A
~\—

1 / e \

xSemaphosTake() ‘/\‘l

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 BEFEMTHFIAE

106



XPHBLHRIZRE AL AT R A5 e (R 2T o A 55 AN AEATART I A8 ) LA
Vi) BRI T B 1K), O P A AR S5 IR ) — 20 BRAREATRERON B e IHF
[

xSemaphoreCreateMutex() APl %

B JrHa2 M55 HE. FreeRTOS T MEHIME 5 B AW AR - AE 2R LN
xSemaphoreHandle {251,

B 8 AR AR AT 6 200G B . BN A B R SRR AR S R A
xSemaphoreCreateMutex() API B4,

xSemaphoreHandle xSemaphoreCreateMutex( void ) ;

FEFFiE ¥ 65 xSemaphoreCreateMutex() APl 2% & 7

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

IR P G RIR ) NULL on B R E A R R R e AR HE S A 2 53
FreeRTOS Joikih H R w4 B a5 M B 8] o 2 e fe it s 2 ¢ T N A7
B HUT T RS R

IR [BE NULL B 7R B et G )y o IR [BMELY 24 PRAFERAF % B 5
S RETE T

% 15. fEFESEES vPrintString()

A A T — AN FRA Y vPrintString(), #%4 prvNewPrintString(), SR i 78 24155
HRR XS HTRR R 2. prvNewPrintString() A 5 vPrintString()se A RN I ShRE, H &
FE S AR R AR A i DX R SEIU B v H 14551« prvNewPrintString ()
LHAULZ: WARFFIE B 66.
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static void prvNewPrintString( const portCHAR *pcString )

{
/* B RAEMESR R Z ATt C eI, PrlE RSB ifE S o e T .
WA B s . WS BR8P RH 2E, lﬂ)\ILHJ% ff. xSemaphoreTake () BELE R I3RS
SR iR b, B PAOICFERIR P . R e T AR A I TR],  JURAL A2 \H)“Jf'JXSemaphoreTake() IR [A]
PATRUE)G, A feVs i JLs2 3 (JhAb 2 4ahrvEf ) o */
xSemaphoreTake ( xMutex, portMAX DELAY );
{
/* FEFFPAT EIX BLAOR O MR A v i BT LLE dvs i brEdar iy, BROAE RN 2 & —ME
FREFFA O SRR, */
printf( "%s", pcString );
fflush( stdout );
/* HJF AU */
}
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 () SEHARTE
prvNewPrintString () #% —AME55 I AN SEGI R A « AERRRIAH 2 AR 7 —4

BEALLAEIR I (] o AT55 BN S E0H T AT 55 [ REAS SEB AR 3 25 B 1% 275 | . (155
prvPrintTask() 1 SEBLACHS 2 WARFPIB B 67,
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int main( void )

{

/* AF T EAH AT L AUE R . ABIEIE T AN IR ERBRE S H.  */

xXxMutex = xSemaphoreCreateMutex() ;

/* AT S Al ] — AN BEALAE IR I A], X HLZG REALECR 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 *kkkkkkkkhhkhkhhhkdhhkdhkhkdkhkkdkhkkdkhkkdkr*x*\r\n", 1, NULL );
xTaskCreate( prvPrintTask, "Print2", 1000,
"TASK 2 - - - - mmmmm e e oo - \r\n", 2, NULL );

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

}

/* AR —PIEHR, main () MEASPITEIXL, ROMIHEES CATFRIBITES . HU R FPEiTH T,
REE BT RGN LTI A J‘/FHT:%C BIRESRMEEZ R TN HRER +/

for( ;; )i

}

B 68 ] 15 B9 main() R B EI

& 37 &~ T 15 138475 H 45

C\WINDOWS\system32\cmd.exe - rtosdemo

— R REM AT IREES WA 38.

& 37 415 kR
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B 37 IR R, PTG+, i E RS AT 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 IR

(v YE

& 38 thrdlih TR 5 SR U B e D REMIIR ARSI 2 — o FEIXFH AT RE I PAT IR
Festiid,  mAEHINAESS 2 AR AEEAHRA G AT S5 1 IEE R B B IR AL
PSP 5 WARME S AT 55 FLIEHER (AT R e LB U e s 1K e — AN BRI
1775 30 WAHEIXRAT A FRE P HOR, Hm e PUE55 IEAR Al S BRIk, — A4
ARSI 2 18 ) SRS DA S5 T I AT —— X & S 8- R lE 4R 5%
[EEERF— MR SEBATSS, ITRAIR BT S5 N TCVEAT | X IR 1% TEAE I 39 ik
AT RETR 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 REHRFEH— RO

P e nl fie o B FR R L. (FORAE— S NERRANR G, Gl BAE
VB Bt ik R e B ) U e 77 G G RIZA 1)

(U WREE

FreeRTOS " 1 fx it & A5 51 70 A L—f— 19 DXt /e . s H B it
T ANIEARN PSR AP PG bR e MEAL S I s e St s i ) — oy 58
——HIFAREIB IEALIE S S et R IR il L, AN B ML SR B A58 o A 4k 7K
G RGAT I BB TS o 2%, T A SRw] LURE S )3, IR AN BRSBTS e
AR RAT FT A o

DL L AR AT N MR B B RFAT 8 BL S T B AT S5 A5 e L7 AR 55 P B
A AR EMRIHUES WA TR I F R IMESHEH. X
FELHIAE R 40 WP BEAT R HF RSP A AEINE R RN, e At E N R
KRS
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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 LSRGk AR/MURES R FE BT
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 AR S Ak L], X R s BLBOE — M55
FEAERNZ A S — N F

FE

SEBEA I B e iR I B R DB ) — B RS . Deadlock A I i 2 4 B Rk JA
PEHUFR h"deadly embrace(#941)”.

AT S5 H AR SR N R B BRI, PTG A TCVE TRk SR AT, XA L
BRI . HIEW N, 55 A 514 B MG ESG L FE X HHFE Y DY
JA A ) AR

1. E55 A ST, JERIERA T B 5 X

2. 1B AHUESS B4 .

3. L% B kG TR E Y, 2R XOREESRR A FE X—HE/FE X
LWL AR, TTLAAHTESS B oA, 4155 B ik NBHZEA LLSSAF 5
B X ORI

4. {15 AFLAREHAT. HO R E Jf B Y——H B 7 & Y C&pifE%5 B
FRAMAMES Aok 45 A BIEFEENBLIES DUERr BT 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 i =, X MR
ARG, SEHOFAZ N KIRGE, RGBT A N R PR s 28, PrBLRE
i £ H R A AR AR DI, TV BR ZE B i) AL
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4.4 FPUER

SFYULSSARME T — T T3 R 7 PRSI EL R D RE, AT D R AL B S %
FEANBEA o

SPPUESS FERIEA G HATHE — Pra U SS « RASF I RS54 ol DU ARG e Ay
I BRI AT 55 B IR i DR RE R S I oL~ AT 55 S A A 55

Bl 16. RFFIHESET vPrintString()

] 16 241t 1 vPrintString ()1 53— A SEELT L, X EURH T AN SE R 5ok BN
PRUER DT ] o 9 —AMT S AR A iy S A5 BRI, SO RE B HE I AT BN ek 2, 1
TR BRI B ST

SEPUTLEAEH T —A FreeRTOS BAFISK 2o S B B AT Ak U ) o 126445 A S B
AN R, AT ME— BB VT ) 280 4T 55

ST S H I (R AR B ZE S S A A B A7 45 R BK . U —AME R BARE, sy
45 AN 187 B MR I B PR 5 S BURR R HE b, AR5 SR BIBHZER, 4S50 T —4 45
EHEK . PRSI ARSI S WA P IB R 70,

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

OB 1 R HR (SRR [ 8 R 40 FH P AZ AR B ok R BT IR FH o B AN O Bk 1
REL, MO R

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

void vApplicationTickHook ( void ) ;

FEFFE R 69 LBk T RS RIRE

MBI T BB BAE R G OB P ) R S EHUT, BT LA A RSE AR N, GRS
S, I HANEH AT 2 2 A G 28" FromISR” 1) FreeRTOS API B %,
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static void prvStdioGatekeeperTask( void *pvParameters )

{

char *pcMessageToPrint;
/* IXFEME— FRVF ELAR VS ) St AT 55 o AL EAR S R Rt 4/, AN RE LA U ) S0, T2 R 22
B R AT R SOR BT S5 o IF LA AT AT S A nT LLUs [ AR Y, B AAATE 55 A2 SC B AT 225 I8 1L e
AT AR . */
for( ;; )
{
/* ERMEREENE . $RE T ARSI NI ], B AT AR M - R B S A R
HEN A 2RE,  */

xQueueReceive ( xPrintQueue, &pcMessageToPrint, portMAX DELAY );

/* FHREI AR,/
printf( "%s", pcMessageToPrint );
fflush( stdout );

/* Now simply go back to wait for the next message. */

FEFER 70 SFPES
R S S 15 ARAL, ANTR] R AR b 4 R Rl BA A AR B S AR ST
AN ELE 2 2. BARSCILZ WREFHE B 71, MIZHT—FF, NIXMES AR T
PHASSRSL RS, BEASSEBa H 45 B MAE S5 AN DS B A7 4F R

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( ;; )
{
/* ATEN AR, AR, T ASRE A7 R SR AL RIS YT S5 o BAAULE TR BE 2 J5 3) Z Himk
QT FrUMESPATIN BAIE DAL T o I H e ISR I o), BN BASI S SR A L. */

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

/* SRR ANOOBENLIN (] VR M Brand () AERATEN, BFEAZEAG]Hrand () FEREMEIFA R, =
FEZAEEOR T m AN, AT EARA Frand () KA - SUREN X rand ()
B, +/

vTaskDelay( ( rand() & Ox1FF ) );

BRER 7L ] 16 J )T BN A4 SRR
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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 BAT I AR ORI By 1 BR RS EUAGR BB B, T ED
AR SRS R BIBASI R o ke 1 BR B S B RS AR B B 72 P

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 SR

AL —HF, main() e BN AESS, AR5 R Sh S . main() e £ H
RSO IR 73,
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/* SRS AW Il T RS R P A . */

static char *pcStringsToPrint[] =

{
"Task 1 ****************************************************\r\n"’
MTASK 2 — - - - mm oo e \r\n",
"Message printed from the tick hook interrupt ############## \r\n"
/* ___________________________________________________________ */

/* FilHxQueueHandle”Fif . XA WG4 H T 4T BT A A b dE s T 45 g 5. *

XQueueHandle xPrintQueue;

int main( void )

{
/* BT, ¥REENS, HdE IR PR e, */
xPrintQueue = xQueueCreate( 5, sizeof( char * ) );
/* NPABINLECR LA e AE R . */
srand( 567 );
/* Check the queue was created successfully. */
if ( xPrintQueue != NULL )
{
/* BRSPS, T s P TS RIEE R (TEANOSEENTERB AR RIS . XM
MESHAANEWISED, Pl ail e AT 5 A N SRR BT 5. +/
xTaskCreate( prvPrintTask, "Printl", 1000, ( void * ) 0, 1, NULL );
xTaskCreate( prvPrintTask, "Print2", 1000, ( void * ) 1, 2, NULL );
/% BIEESFPUTSS o XOEME——N RV HET AR Es B AT 55 */
xTaskCreate ( prvStdioGatekeeperTask, "Gatekeeper", 1000, NULL, 0, NULL );
/* Start the scheduler so the created tasks start executing. */
vTaskStartScheduler () ;
}
/* WR—VNER, main () REASHATEIX I, KA %%ﬁa%ﬁﬁ“ BATAESs o AR Pis T3] T,
RV T R WA R ICIEAN R B TS B ATE R Z X TSGR */
for( ;; ):
}
BEFER 73 Bl 16 H ) main() R EEEIAEE
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B 41 I T 16 iatrfmh g k. WEHRRTLIE S|, gk AEF17F
ik E%ﬁ*%%?ﬁ%%ﬁﬁ%ﬂﬂﬁ%ﬁ BAT IR .

Message printed from the tick hook interrupt H#ﬂﬂﬂﬂ#ﬂﬂﬂﬂ#ﬂﬂ

?esiage printed from the tick hook interrupt HRHf#HHHEHTEHHH
as

Message printed from the tick hook interrupt HiHHHEHIEEHHIET
Message printed from the tick hook interrvupt HUEHHBHEHEHEHEHHE
Task 2

?esiage printed from the tick hook interrupt HHHHHHHEHTHERT

Message printed from the tick hook interrupt HERHEEHHEEHLHEYG
Message printed from the tick hook interrvupt HEHHRHEHEHEHEHE
Task 2

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

B 41 %] 16 KB THH 4R
SFYUESS AL SE PR T 3T EME 55 ——BT LR B S5 A8 55 19T B 25— ELARFFAE A
HI, HEIPATEMES HREABLIERS . £ fH00 b, TR T PEST M=
RIDLSE SR, I BT DAAS 21 SRR ) Ak P —— (BRSSP 9 AR 55 T A A AR o
PALSSHAEIR, BRI LSS 58 O 52 HARG B BRI A U 7] o
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5.1 #E%

WAL, BABIE RS S B G, A% S T TSI R . BLAR AT LA A
bR malloc()5 free()ZE M4, (HDAZIRAH LL R 35T )

XA pR AR NN R GE P AT REAN T
P PR A ARSI T RES AR, & T 2 5 e AR 22 )
XA bR HOH AN AR R 2

PRBCHAT ANIE P o BRI I A IR 1) D4 0 mT BEAS D o
XA BREL  E N AR
XA R B AT R AR L AR R

S T o A
%R
=
=
SO

AN RN R GEEAT AN R 16 P A7 BC BRI TR) 2SR o B AR — R N A7 A B B9 ]
REE S N FR . BRI, FreeRTOS Ke A7 2 BC A A4 ml 6 482 T (FE T REA A
AR ER 73 05 ) o XAEAFA A N T AR 2 v] AR A& & B 5 1 B AR S EL.

MWK N AER, LR pvPortMalloc() i A& B ] malloc(); 4B A 77
ik, AH vPortFree() i AN+ B3 free(). pvPortMalloc() 45 malloc()AH [H) 11 B
s vPortFree()tH BT Y free()VFH [A] 1) eR 25 J /1Y

FreeRTOS Hi 3 = pvPortMalloc()5 vPortFree()s2EyG#l, iX =7 R#BESAE
AE A . FreeRTOS M7 Al A I Feh—Hf, AT BRI B 2 A A7 BT

X =AY = ANESCE: heap_1.c, heap_2.c, heap 3.c——iX = AN CHEHE
JitE H 3% FreeRTOS\Source\Portable\MemMang . & A I¢) FreeRTOS At K 1
J5L Ui A AR A A7 R BE T 56 LR I T PR 3 SCPA A7 JRORT PN A3t R R/ i EERR
NINE - IEE

FEANRIRA ARG, WAL D SR as AT QUEHAESS, APAIE St . IX Rl
DLRM], A AR A M BE N TR SUE TR PAT SEIN D e 2 /7, i A —H.
SRS R I BRI AT 20 IC T I AN AL 7% (B — BB ST AR A 38, BTl
SEVEL WAERE A, T A EAPERE 58, B AR R N R S 1k
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AT T LU F5
e FreeRTOS 7EAT A Wi /3 BL K A
o FreeRTOS $LAt (1) = Fft )N A4 L 7 2906441
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5.2 WAFBLTT Riabl

Heap_1l.c
Heap_1.c SZHL T — MR AN pvPortMalloc()fiAs, 1 H.¥% 4 SZ B vPortFree() .
U SRR IR P AN T EEM R AT 55, BASI B 15 5 5, LA heap_1 HU¥ BT Heap_1
B B AT E
X ARy B T7 S 2K FreeRTOS A A7 HE 25 [A) & AF — ANl F 0 502 . >4 3
pvPortMalloc()i,  IIKE 4 S 5 41 43k 55 /N N A7 Bk
B I R /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 T VR 2 N AF—— R
FETE A BeAT AT AR AT 52 B 43 L i
T LA AN AR AT 25 AR 23 ) b2 e — AT 5 il B (TCB) Al — Mk 1] . [ 42
J&7R T heap_1 /& WHATTEAT 55 0t I 40 33X AN SR 2 1y . I 42 ] DUE 2]
o A FORBAAE A ATATAT S5 BRI O T, 3 B AN et A 25 1)
o B RNBUALE B T — MES E G TE .
o C RINHAAEANE T =AMES G MTHE

[T A B "

L

N

o @

< o

N 4

II g

2 ®

|_

O

|_

o

“E

@)

(&

L TCB

B 42 BROIBESEHAFESEER
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Heap_2.c

Heap_2.c 21 H 7 — 1 configTOTAL_HEAP_SIZE 5& X K /MU B2 « A
il T heap_1 iJ/2, heap_2 KH T —/MRAEVLECHEVEK T BEAAE, IF BRI AR
HI AT AL, B A il 3 N R R R FE 2 TR 2 WA —— R A
KA BA BATATAT 25 73 T

VLR ORAIE pvPortMalloc() 2 A e #1m ii SK/MRS IR A7 k. tedn, 2%
JELL R ETE -

1. HESAP AL T AN WA AEER, 2300004 5 A1, 25 AT 100 RN

2. pvPortMalloc()# 1 H LATE K43 20 715 K/ A7 [
DCTC 5 =K 75 B e /N 25 R A7 B e AT 25 7795 K/ P A7 H——JiT LA pvPortMalloc()
S IXAS 25 FATHFR A H—A 20 FATHRT A 5 AT 3, R IR ANME I 20
THRMFEE . IR 5 FATHUNGRE TR, ®fFLLE A pvPortMalloc() i .

Heap_2.c JEANSAEAH SR 5 PG I e — AN BRI N AEER, T A7 AR N AP v
—— 1 SR 3 TC RORE TR S AR R DR/ A e, U A A7 1 il AN 2 A — A ) i
Heap_2.c i& & M 1R 48 55 00 it 5 ) B LA A ) e 2 TR A 55 (R B R R

[[ &

B

c

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

Stack

TCB
Stack

Stack

TCB
Stack

configTOTAL_HEAP_SIZE

Laoeds d
o9l

TCB
Stack

TCB
Stack

TCB

TCB

—

TCB

&l 43 BIEAMERAES /5 A FF 2 IE T O

SN F. By heap_2 SRR RAE S5 E, FTLANAN S 31 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 Rl LUE -

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

o B BREAAEMER T — MES G I TE . TSI K2 W AR, 2 TH
AN R B, 3 AR g ER AT 45 1 TCB A TS5 4% o

o C RRBAMENCET —MESERNHE. Gl —MESS " EWKHH
pvPortMalloc(), —Xs&7 A TCB, — &5 BT 45 4% (i FH pvPortMalloc() k&
47 xTaskCreate() API B5% 4 #).

A~ TCB #REA AN, BT LAdse A VL BC SR T LU DR 2 BB I B3R AR A 55 o
HIE) TCB 2= [a) 45 F87 70 e FH A8 A1 55 1) TCB #5[h).

BOEAES5 (A2 ) 55 2 TR R A 55 iR 2 1) /AR ] i L ase DB RE S0 25
DRALE 2 FT A R AT 55 v P A A 2 T R 20 C P VR4 55 IR R 2 1)

KA TGTERR R K22 N B AR DR AL

Heap_2.c BUARAS a5 th, (H/& b K2 Bobnitk 72 s malloc() 5 free() A 2% .
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Heap_3.c

Heap_3.c faj B FH T A ki 5k malloc() R free(), {EL 2 1 ok %5 It b 1 J3 A
PREOA s e e etk . LSS 2 AR P IE B 74,

WIS ) N 77 HE 25 1) K /NASSZ config TOTAL_HEAP_SIZE SEM, T A& F A 2e i &

RIE o
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 () ;
}
}
FRFESA 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 R H DL ARt 0Tl b, DR DA AT SR A 1) it i 25 JLAF i 1) i 22
RO TR o O H e S8 PR LI ) A, AR A7 22 1 DA FAQ(iH 25) I HE X4 Hh ml E RN Jst I
AR 71

printf-stdarg.c

L IARAE C FERR BN, Akos (T se s SR ETE, R 10 A4 A b PR
PR, Lbln sprintf(). 7 FreeRTOS Rt —/~ 44 printf-stdarg.c F30F, XA
SRS T — MRRCRACRR R N sprintf(), A AHISRACE AR HE C R A . 72K
ZHUGOUT , XA LS9 F sprintf() A AH I R BT 5500 B s ) i 7 sk MR 22

printf-stdarg.c WA T, (H2 R —=J7 . PrCltbds i n license Mz T
FreeRTOS. HA&M license 45t & 701 IR 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#{

FEAMAESS HRB AL a4 H AR S A], M 2% [B) S 5 A0 AT 55 B At I JE AT €
uxTaskGetStackHighWaterMark() 3= £ >k &5 @ AF 55 (s AT I s v, Fokk s m) ik 22

2 DI o IXAMEAIR A B 18] 1) 7K 4k (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), TETGTE S WL API R 2L

xTaskCreate()[t)Z % pxCreatedTask.

A0SR AE N NULL )4, UAE S5 A 02 H S A ) i Rk 2

i [F 55 1 22 1) 1) 52 B A FH 2 B A A 25 AT R0 b T A PR R 2 5
uxTaskGetStackHighWaterMark() i [F] M AT 45 i 81 04T I 4R 11 18 47
DS, ks ) BAG RSN A o XA B 2 b 4 T At FH O B BRI
IS (R A F AR A= ) o X /ME B FEIE 0, I AT 55l Bk it
B tHANIZE T

CRSEI L, X EREPEICAE —MERL DOS BB R AE, K DOS RN EB R WA, It
1EAE Open Watcom b [F 7R i I SEqE v i) 4 FH 512
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R
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BATI BARI —— #Eik

FreeRTOS A& WiFZ 17 I AR MU BLE], tH FreeRTOSConfig.h Hhff) i & ¥ &
configCHECK_FOR_STACK_OVERFLOW B T#s . X PR 7 U838 LR D)k
AR

et B BRI (BIORR [E1 o H) R P A A D0 A v R o A P i R
PREL, AR BT LU MR
o {F FreeRTOSConfig.h H4 configCHECK_FOR_STACK_OVERFLOW %k 1 1 2,
o SRALHL TR HUM RS, RHIFEFFIE B 76 JT7 (1 ok K544 FH ek 2R 2R
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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 htip://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. To provide an example of a working and pre-configured project with the correct files
included and the correct compiler options set.

2. To allow ‘out of the box’ experimentation with minimal setup or prior knowledge.
3. To demonstrate the FreeRTOS API.
4. 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.
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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.

o 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

+-Demo Contains the demo application source and projects.

+-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.

2.

5.

6.

Open up the supplied demo project and ensure it builds and executes as expected.

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.

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

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.

Create a new main() function from the template shown in Listing 77.

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 API 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.

Table 22 Data types used by FreeRTOS

Macro or typedef Actual type
used
portCHAR char
portSHORT short
portLONG long
portTickType 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.

portBASE_TYPE  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

‘. 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.
e 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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