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1.2 {EE R

G52t C B S BB o ME—HF I FOR AR 55 ek 2 Y, FLA 2R A void
1M HATH —A> void 8528, H RS WARFFFER 1.

void ATaskFunction( void *pvParameters ) ;

BFEE 1 EFRHRE

FEAME S HE AT B CRRTE F N 1 —AN DR %gﬁzf? V W S IBA T
ANFEEIR T, tAREIEH . — AN AT 45 4 i R So

FreeRTOS E%K}‘Bﬁ‘u&ﬁﬁfﬁM*@ﬁ@ﬁ —— eI 4 AR —
4return”iE 11, &Kﬁ%ﬁhﬁﬁ@iﬁﬂi%o% &@FE%E, A DA 2R L
. XWAEFRFE R 2 el Q‘

—MES R EOT LU RO E%&'ﬁﬂ@&EI"JE%i’S%@IEI"J?MfiWU, il
18T A ks, u&%‘%mé@ S (R ), R SS REOR 5 58 AR

void ATaskFunction ( voixvp ers )

{

/% WA B H b R NN O O MES SRR T E i ivarialbleBxanpl ek
it @;zn%iVariableEx@mmstauc, B SR — SR F U ARt AT IO
UEFSE S S N\,

int ivVariableExample = 0;

/* ARSI H LB — NIRRT . */
)

for( ;:
{

/* SERATS IR A IR . */
}

/% WRATS W HARSILSEH EHAEIE IR, AT 45 DA 204 A S AT 5E 2 AT « A ANULL SR s
(P& M AES */
vTaskDelete( NULL ) ;

PRS2 ARRES RS
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1.3 THREFRE
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Running are in th &

. ) &Q,QJ Running §tate at
Not Running Statg; << any one time
‘\‘ wv !

/L.\

t\éunning

Running

N

B 1 TBEESREEREES

{145 MNARIZ AT S B RIS AT BB R D) e N5 J) N (switched in)” 8" A2 4 A
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1.4 QIEE%

xTaskCreate() API &%

B AT 5518 1 FreeRTOS 1) API Bk % xTaskCreate(). X 7] & T APl bR b i
SRR (AR BRI R AR — BRI AP RR AR FRAT T2 So AT 55
BB REZAESRE T mRERMAM . AP WA s o7 H 2
XTaskCreate(), JrLAafa KEMIHF T LLS%,

JEt 5 A H B SR TR i 44205 \
N

PortBASE TYPE xTaskCreate( pdTASK CODE pvTaskCod

&
const signed po R * cox%cName,
unsigned portSHO s %)épth,
void *pvPas é
unsigned %AS&PE uxPriority,
xTas QﬁatedTask ) ;

EFE askC Q@Apl PR AL
Q@J X reate() 241 5 iR [ H

SR \\ Eitipa

ovTaskCode @gfmmrﬁﬁmc:@ﬁ SILA L — AR, B
YSREWQMeA~A%ﬁE%M%W BT FEE (ORI (LS B 8
).

pcName HA RGBS o RNSEA Y FreeRTOS i . HHZH
afi i TA IR R A A nl et ) 48 - s I R AR R

PUETTES

I RE R A] LA s W B config. MAX_TASK_NAME_LEN K 5&
SATSS 2 W KK —— B FE\O 45 R AT o a0 FAL N 15 B K
o TIEAN RN, AR B B AT

FreeRTOS 8

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



http://www.FreeRTOS.org

usStackDepth

pvParameters

VUSRI, W% S AR MES LB TAT4 3 CE—IRES
usStackDepth {ELH T2 Vr N B 40 il 2 K IER S T8

XAMEFi E 12 M ) W] LLORAF 2 2D A (word), T AN & 2 204
T (byte). Holnid, it 32 A7 vE AR H], £ AT usStackDepth
{0 100, WPHEZ5501C 400 -5 [k 25111 (100 * 4bytes) . FliR 7
DIAR 8 JE 1 45 T ST AN REE I — A size_t BAVERFTRERIA K
{5

W FH AR il 3 s SH & configMINIMAL_STACK_SIZE Kk e 25 I
A H IR0 K/ . 7E FreeRTOS %@%ﬂ%&%@%ﬁ%%
Demo N AT, T Ik Eﬁ?%i@%&&%ﬂ@%d\@w&
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-@%ﬂz@%& NG T Lo B, AT DU ] 2 A A 4
ERE A

1

S5z —/ Mg 1R void R % (void*). pvParameters Fr{iE Rl
FMESS B . X SR ) — S B R PR R T IX AN S

*

\%ﬁﬂ CAARART AR

uxPriority

FreeRTOS

FREAESPAT IR SE . ARSI HE Y Bl il DA B 582 0 21
B it st 2% (configMAX_PRIORITIES — 1),
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SN R AN S H BIXAMESS A4, I pxCreatedTask 1] LA
% NULL.
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RUYESS BT o
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void vTaskl( void *pvParameters )

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

volatile unsigned long ul;

/* FURZHATS K, ZATS T AFEA T, */
for( ;; )

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

vPrintString( pcTaskName ) ;

/* SER, DLP=E—ANE «/
for( ul = 0; ul < mainDELAY LOOP_ COUNT; ul++ )

{
Jx BRI R R B ER ST mawm@a@%o @\ymﬁ%m@%m
delay/sleepBRBCFXANRIGEMEIA.  */ Q

} < >'QD’
} S0
BEWEL @%}mﬁ@

void vTask2( void *pvParameters «
{

/% FURZHEATSFE, i%\ ‘ R, x)

for( ;; ) .

{ O
/* Print O\\ name of this task. */

vPrintString( pcTaskName ) ;

/* JEIR, VLA +/
for( ul = 0; ul < mainDELAY LOOP COUNT; ul++ )

{
/% EAS TR L R A I BB S 5 1 FEARER T AMBAE A 4 o G R s o R ke R
delay/sleeprRi HRHF XA RIA TGN, */

}

A S il 1 i - AMEL TR
main() B8 HU 2 T PR G R IX P AMT S, AR5 A sl B 2 —— FLAARSEIARES 2 LR
P2 6,
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int main( void )

{
/% QIR AT Lo TS0 A /92 P B P o B 24 Rl 6 e TaskCreatee () FIRIAIE, DL (AT
SOy, */
xTaskCreate( vTaskl, /* A8 AT S R B FRER *+/
"Tagsk 1", /* AT AL T, Rl R «/
1000, /* BAIRIE - REBUNE RIS ST S L N2 +/
NULL, /* WAHALEZH */
1, /* WARSSIa T . +/
NULL ) ; /* ALHEUES A */
/* Create the other task in exactly the same way and at the same priority. */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 1, NULL );
/* AEIRE S, TS TTHIAT */
vTaskStartScheduler () ;
/* QR UIES, mainQ RN % 2 BT B (N R IT BIRERE, ARAT HEAE 3 A7 HEZS AN AL 3 B A
T 5 G YRR TE 2 06T AEE Ll JTT I =/
for( ;; )i
}

IR RS /R0 1 mEs
i%%ﬁﬁ%ﬁ@@z%%

iz \Temp)ltOOdemo
Task

1
2
1
2
1
2
1
2
ﬁ
1
2
1
3 i

B 2 § 1 fisfrh

B 2 & BINAMESAERINI2 AT, (HSEPR EIXPAMESS e TAE R —
LIATTfE2x [FAIINEAT o 358 EIXPTME S #R bt A 3R tHis1r 2

NabPEEE B, B
H X PMESS

BATAER AL BEES B, PRl PRI AR BEAR I 1] . S PAT AR T B 3 P
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Bl 3 AT S & st BIAIIEATIN Z . RO 2 B AR R AR BRI TA) 5L OE
TEIBAT TS ——Lean 11 5 12 Z AIsAT TS 1.

FEARATIN 2 A BEAT — MESTAE Tia1T35 . Pl MEFHANBITEEWVIN), 5
—MEFS AN ARIBITSWI ).

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

Task1 —

Task 2 _ —

t1 tb’ft(Q;i
A

Bl 1 P RAT IR

£l 1, main() g ‘¥2ﬁiﬁﬁﬁ'§2ﬁﬁ§'ﬁ%ﬁwﬂi4\ﬁ%ﬂﬁﬁﬂﬁo AR ELA—A
4%%*@U@%~\A§L§1r]ﬂu%ﬁ main()+H BIEEAESS 1, RIELEAESS 1 EIEHESS
2. WORBATHRLOXFEAM, WAESS 1 A HN S E SUSREFE B 7 s ke 1XH
TR LSRR B2, 55 2 38 AT AN, (H2 B R P AT i 45 RO 2 AR R 1
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void vTaskl( void *pvParameters )

{

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

volatile unsigned long ul;

/% MR CEPATEIAMT L AUS, RUTRERS D8, AR 2 arald ) — M. */
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+1® \\'
( <
/* This loop is just a very crude m%&tion. There is
nothing to do in here. Later ex es Wi ace this crude
loop with a proper delay/sle @&O
} o
} & &
} %
BFER7 E&P@ﬁ‘&'% — GERESENZE

S
AV

1 2. ﬁﬁﬁf?’c%@?ﬁ\

B 1 gt 155 ) LT 56 AR, ME— 1R DX At 4T BN Hh I 4 o o X b
S T DA ) ) — AN S5 AR IR P AN S 48158 2 Bk o I I 552 0t mT AR KA 3o 2%
FLFT B 10 -

PR 8 WE 74l 2 T BIRgME——AMESS s E i (vTaskFunction) . X —
T4 R B TH) 1 AT S5 B (vTaskl 5 vTask2). XA bR BT 555 5l o
T4l chars DA BT 45 15 24T B th 1) 54+ 3
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void vTaskFunction( void *pvParameters )

{

char *pcTaskName;

volatile unsigned long ul;

/* HEATEVER AT M OB HU N o SO TR, %/

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; ++ &

{
/* This loop is just a very crudedela ntation. There is
nothing to do in here. Later @replace this crude
loop with a proper delay/ d

} @ Q;

gﬁﬂﬁﬁ"ﬁ%ﬂ:% MRS R E

REMAE A —M
AT S5 S AT PAALE F§
fEih 25 APLE

HH 9 PR,

i (vTaskFunction), {H2& ] LG 2 AMT55 52400 . &F
OS ViR ] R HusAT .
kCreate() 124t pvPrameters F T4 N 745 8 A . WFERF
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/* B SCHEIBRAT A S HUL I 745 . 8 X hconst, HAEAERKAN L, DURIE TS HAT B AT 2%
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 RAAREE . */
"Task 1", /* AT % . x/
1000, /* BRI, */
(void*)pcTextForTaskl, /* MHIAT5 S AL NTFEATENHIH I SCA . */
1, /* WAEFIBATENSE R L. */
NULL ) ; /* ARIBIHALSS AR . */

*/

/* FERERITIE RIS AMES . R, E‘ﬂjfﬁlﬁ.lﬁ"J{f%{ﬁﬁ%(vTaskFunction)@&T%}/l\ff%, PEAEN

WSHAF . W MEEBIE T AT */

xTaskCreate( vTaskFunction, "Task 2", 1000, f:oi cT
/* Start the scheduler so our tasks st xedu %/
vTaskStartScheduler () ; % &

/* If all is well then main() lQer ch here as the scheduler will

&Taskz, 1, NULL );
.

now be running the tasks. I 311N ) Qéach here then it is likely that
there was insufficient h mor% i lable for the idle task to be created.

e
CHAPTER 5 provides more @mat'on n memory management. */

*
for( ;; ); Q
}

\ y 9 # 2 B main () BLIALEY
L 2

/;

*

Bl 2 rrizt i 5§ 15¢ae -, Z1E 2.
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1.5 fEELEH

xTaskCreate() API e85 /1) 2 5 uxPriority 4G TS IRT T — MU e o 1X
AN s g T AAE R 2 8% 3 31 J5 I ] vTaskPrioritySet() AP e 5034715 24 .

N FE P #E 3 F FreeRTOSConfig.h ¥ & 1 4 &% I i & % &
configMAX_PRIORITIES 1, B2 il BAKMRELEH . FreeRTOS A& ik
A7 PR XA R B KA, AFXAMEDBROR, T AR AEAH K 9 A7 2 () B 22 o T DAEL 2 i
WORF G 181k BB F 21 s /ML

XA A AR FR e b e 4k, FreeRTOS JH&A %g{:?fﬁﬁ&%@%%&%ﬁ@&%ﬂ
DAL R — MRS DMRIE S R B 3k . 8K, ORISRt n] DU BEA
FE55 48 e ME— IR0 56 2 Gt ) 690 155 505 LI B K £ o

AL SE 4 S RRAE S ISR, PLIEas SARIL e . AL e g i
[l M 0 %l (configMAX_PRIORITES Q~

T B ORUE RURLE T ﬂ@%ﬁﬁ R@%ﬁﬂﬁ AR IS, IS
AT WA P i e 4k s ?’M{—%, AR A 2 LI AT 5 B AR AT o« I
ﬁﬂvﬁﬁ&‘zﬁﬁﬂ@%?ﬁr il Ko BANIINAAE 545 G AR [ — Mt se gk b, JF
H—ERWIBITI. FrELRARRS #AT NI T8 7, AR5 TR 8] e ah i) 2k N is
T2, TR ) 85 R 4 tljizéﬁ,%?o B 3t 5 t2 Z [ BOs A T — AN .

%‘zﬁ%@%iﬁ%?& ITHIAT S, W LA 5 SEAE AN I [R] 1 25 R 2008 4T B O
. *’l‘%ﬁ?’m&&ck, A7 L 7 R A I IR S, RS R A I e ) B
JEI S o T b IR o IR TR R FR K R O B P B R R AT B, Lok R TR P
FreeRTOSConfig.h )4 B I L & & configTICK_RATE_HZ JHTHECE . Ebanit,
W configTICK_RATE_HZ #¢% 100(HZ), WJia) F K4 10ms. A LUK B 3 3ET
PIE, KU RE AR AR B AT I (R AR AN AT IR A ok . 152 WL 4.

UL IR 2, FreeRTOS API R30I FH Hhdig e i I Ta) S 2 LBk b ok Jfr (il
W IREVE R OBk ticks™) . H & portTICK_RATE_MS -5 LLC Bk kB A07 (1) I [R5 44,
N CAEERD Ay A (Y [ o A RORE FEAR I T RG0SR

OBk (tick count)HE /R IR AR BERS R B0 TR, OBk W S8, IRHEsE OBk
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TS AN SR o P B P AR5 08 A 3E JA S IS AN 06 2% R ok U1 B0 HH 1) R, DRI Ay I )
BUMEAE AR REA T A B

Kernel runs in tick
interrupt to select

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

) 4 P (411 L B SR P 4
AL BT I <<

<<‘ |
Bl 3. AEHER

U 2 S 2 A Tl_q&xjaﬁlﬂ PR R IR MRS, IHELEENIZTTES,
#H HU?JJLEI"JmWUh@, PHAMESS FQIERAEAT R AL 9 b o B DU PHAME S5 S A 2t
AR 12173 R Azl 2 Horp—MEF LS, B MRS KE 2. B
TR MES ARG 1 L, s —MESF IR 2 F. BIEXAMESS
A2 R R 10, XPIMESS 15L& B A AR ezl M AR A AE
AR SYIPEFT B A b A S
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/* B SCHEBRAT S S UL 745 . 8 X hconst, HEAEEMKZN L, DI TSPATIRBA 2.  */
static const char *pcTextForTaskl = “Task 1 is running\r\n’;

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

int main( void )

{
/* BT e b LR BIECE A */
xTaskCreate( vTaskFunction, "Task 1", 1000, (void*)pcTextForTaskl, 1, NULL );
/* BTS2 e x/
xTaskCreate( vTaskFunction, "Task 2", 1000, (void*)pcTextForTask2, 2, NULL );
/* Start the scheduler so the tasks start executing. */
vTaskStartScheduler() ;
return 0;

}

BFER 10 FMEFLIZEAF PG H -

& 5 B 3 it 4R

sunnin g
sunning
running
rUnning
SN :i.n q

running
sunning
sunning
running
is running

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

B 5 PMURESBITENRKMES L

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

f£55 2 ZFTLARJE astT, BN AT F 1S
¥e, BLAAEZSmAT I AT H
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& 6 el 11 3 HIPAT LA o

Tick
interrupt
occurs

The scheduler runs in the tick interrupt
but selects the same task. Task 2 is
always in the Running state and Task 1 is
always in the Not Running state
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1.6 ¥ 78 “drisfras”

B H AT A BT Sz Bl G iR T 55 A0 L BIAN S A B LR S 1T 3
A AT F7 B —— W T EA AT Z 8 P LR 2 e E s T . XA
{5 A BRI (AL 55 BB T HAT F A, DO e w] BeEp B AE SR 2 b nfiT e
AT eI e b, A eI PRI 55K 7K I BeAT AT OB o

N T AEBATTAE S5 VI 5AT L, A 7 B P 7 AORBEAT HAF KBl . — A FIK
RS KGR A SRl TAR (IR BE), e S A B AN RERE N IB AT 2R 1
RS BRI AT BRI N s AT A AR S5 b A ik ﬁ%%ﬁa%&%%%ﬁ@
ABEMGIZAT AR S5 EWAE A PO L SR E, Al i?? L2 AR R H fE RS
ﬁ%ﬁ%oﬁ%,%%E#%ﬁE%%%éggg FOETE VF 2 A AT 5

E, IF Hamm e A5 A S PTA IRAR

O &
L AR A Q§ Q)Q’
ﬁnﬁ'%~4‘4£%£€%ﬁ{%#

EBITE B —DTIRES
155 1T LAk N BH FE 245 PASERRCL T P AN [R) 28 28 [ A
1. JE (I a]A ié#ﬁ%%ﬁﬁ&%ﬁﬁﬁ%ﬁ%%ﬁﬁ@ﬁﬁowm
ﬁ?ﬁ%’l\@ui&)\m%,& LIEIE 10ms.
2. [P e — T AR5 s P Wi o bean e, REAMTES5 wT LARE NP ZE
SUSERF I P R [F2D AR T T A R A B 2R
FreeRTOS MEAFI, —fHfE 55, 14UE 9 &, H/¥{F 5 E(recursive semaphore,
B TR, AR B FAE TR, RO R T S Ry In)) A SR A AT
DAHISRSEILR D Fid . B8 R RI8 — Faifiah 1 A I UB IR N 2
155 T DAAERE N B ZE 24 LAAEAE [F] 20 S A I 8 18 — NS5 R I I 8], S T LAY 250
SCHLPH SR ZS N I SR RIS AL . Ehlnid, AT S5l AZERr BA A h A $is 21
K, (B2 HAE 10ms. Wk 10ms WA EdE 2K, B2 10ms i 2 17 I B0A 2l 2K,
PG O N AT 55 AR IR HHBHZEAS

%%@WE%%?@%&W%@WB@%&%
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“Hidd (suspended)’th 2 AEEITIREN FIRE . T HADIRS AT XA EAR S
FEANE ) o 1k —AMESS B NSRS I ME— IpvE 2 1 H] vTaskSuspend() API B4 ;
A0 — A H R R & WA 4 e B ME & 42t 2 W ] vTaskResume() B
vTaskResumeFromISR() API s, K2 5N LT hEA & H B RRE .

WRATSS A T ARSATIRES , HREEA FLEE M A Hold, WIXAMT S5 4L T3 44 (ready
HE B 4IRS . ATt S LS5 e wlaiatT, (HELE R (ready) igqT, 1M =i

MARIEAT o Q QQ’}\'

SR PR

P& 7 stk 22 R E T i MR s %Q§Z¢m#ﬁ%#gﬁﬁxm%
ﬁxoawﬁmﬁﬁ%ﬁmfm&ﬁ E%ﬁ WA FE S BLSEIR S R RIS
aa%ﬁﬁ%%§ﬂ RN o DR 25 AT 7%

L
spended }q\
vTaskSuspend()
X\ gﬁ:gsuspend{} called
N vTaskResume()
Q» called
Viasksuspend) V" Blocking API
called /Jﬂ function called
\ Blocked

J

B 7 EERESREHL
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Bl 4. FIFFHEREIER

I 7GR AE 25 R 2 F PR I —— & AT 3B — N R ), T B
AR, TR, Wtk R iR AR 1 AR R AR R VA AR 2 SR A T R IR ER
AT TG MO U BIREANR e 4 3 WK SR T IR Tk
fIsk ale — BRSBTS PAT IS, RS L EAR 5L

FC AT 5 A B A R ARRL, A7 &AL e 7 i i i 7R A A
T, AR SE s LB MUTAT & SR S, (SRR SR I AL BN TR, h AR 4%
FAIARE IR 2% . B 4 Bk vTaskDelay() AP B ECIRACE: S IEFR, S FAS BAT R
BEATAIIE . vTaskDelay() i p& # s Y AR FAE B 10, 108 (AT 55 SE B AR Rl A2 12,

void vTaskDelay( portTickType xT:LcksTo
BERER 11 vTaskDeIay() %ﬁ%

BE 4 Q, Hid
é%<<*

xTicksToDelay A?\g) . WHHZ AR BT 54 NP, 4
FEIR TR E W

IS, MRS,
A MEAEL ] vTaskDelay( 100 )i, LoBkiH
%Q)OOO WZAT ¥ IR FEE PR ZE RS, A 200 Bk £t 2

0 100,

WA portTICK_RATE_MS A] DL SR DL Fb Ay B AT 1) ) () (i %
ok LLCS B kg BT 1) B T
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void vTaskFunction( void #*pvParameters )

{

char *pcTaskName;

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

pcTaskName = ( char * ) pvParameters;

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

for( ;; )

{
/* Print out the name of this task. */
vPrintString( pcTaskName ) ;
/* RN . W vTaskDe lay Q LALEAT 5571 135 1 1] DR 7 B 28 o REAR IS A] BACo gk JA 2414
HRT, HEportTICK_RATE_MSHJ L SR 22 0ROk 8 M2 NG 4% NN 7% 5 2502 B0 (176 34 S
W. */
vTaskDelay( 250 / portTICK RATE MS );

}

BFEHEE 12 A viaskDeray RV E /IR LI ER

B AT S5 L3 A2 G AN NGO e 2 L, (B EUAE P AT 55 A ] LA BT
Bl 4 [friatrh 45 1 2 NG

v C\WINDOWS\system32\cmd.=xe - rtosdemo

C:nTemprrtosdemo

Task 2 is running
Task i i
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task
Task

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

running

B 9 s AT UiLRE T AR R A b IS AN TR 56 22 R PR AN 55 5 SR AR vT LLAS 2]
AT, BT TR, g T N B S AT IR E
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ARG e AE R L a4 E S A el Gl i, UMRIER DR —MEFS Wiz T (B0H —
MEFAE TIEER) . AT 7 WX AR 34T PR Al

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

ot 1 Tinte
1 - Task 2 has the hlghes{ priority so runs first. It <\

prints out its string then calls vTaskDelay() - and
doing enters the Blocked state, perm|t1|ng the
priority Task 1 to execute.

_7

A A kA T A JiE IR EARILIRE . T 9 5B 4 W] LU
T L S AS 5] LA S AT 2 ).

Bl 4 FEPLI A ARG 2 IR R AT LR B AT U £ A AT 45 0 J2 ]
BATIE AT T R 3. B 9 R PATHRE Al A B, AR 55 AR 48N IE IR 4 1Y)
WAL T RHLZERS, AR S8 ESI B A PRI IR A oy P A B 8 P i) CAS 451 v A 55 (1 S5 s A
SUR T AT Bl A 405 5 o

EE 9 Proifs e, AR5 BITRLIER S, AT T LBk R — S A B
SRJE XA UCENBLZERS o BT LUK 2 B Te) 8 AT A B AT 55 ) da AT (RINAC AT AT 55
Kot as), DRSO N AT 55 vl IO FEE NIs AT &5 . XA OL N, AR5 13 LA
AT AEAMESS W] ISR AT TR, S RGP RE At BN — N R A

B 10 L LR 4 PHES IPIREFEB TR . BUERMES AR e S 2
i, Al ISR
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Not Running
(super state) —\
Suspended F\
\. /
vTaskSuspend()
TeskSuspendy cllod
vTaskResumef()
called

Event

o 6‘8)
&O

B 10 ?F J 4 SHEBIE

vTaskDelayUntil() API

vTaskDelayUntil()2S ?v elay(). FEFIF R E—FE, pREL vTaskDelay()
S HH KR Eﬁf%fﬁ skDelay () #IV] t FHZEAFEA LR E 2 DA 0o i 1]
ER{%HTF‘H%%SE’J vTaskDeIay()E’J)\D%%Z?aE BAT: 5% B T BHZE A 1) N %)
SEbr_ESEARXS T @0 lay ()4 i FH A8 — %I . vTaskDelayUntil() i) 2 Bog 2 k45 &
{E55 2 T BHZE S BEN L ST — I ORS00k V- 25 - AP %X vTaskDelayUntil() ] LA
FH TS AN ] 58 AT U 1 5 SR (24 PR 75 & LE AR R AT 55 LA ] 5 A0 23 Jo] 301k AT 1) P
15 o F T30 FH 0 R 50 AT 95 At 3 BEL 286 00 IS T 0 221, R AR 138 T A 20 PR AR X
I 1] SEORS A (B L 3R vTaskDelay () 7T LSz 3 SRS A6 (14 4 JI4E) o

void vTaskDelayUntil ( portTickType * pxPreviousWakeTime, portTickType xTimeIncrement ) ;

TEFIEH 13 vTaskDelayUntil() APl EREEES
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% 3 vTaskDelayUntil()Z: %t

BWE, Hiik

pxPreviousWakeTime IS4y 4 N vTaskDelayUntil() T S5/ NMT45 DA
[l 5 A JE R PAT . X FIE L pxPreviousWakeTime
TRAE TATSS b — IR B T BH ZE A (B e 1) K INF 1) o XA I %)
WIVE =S R FAZAT 55 N — A T B2 A B I
%o

pxPreviousWakeTime 1§ [f] (1) 7% & 1if API R %y
vTaskDelayUntil() i /T LjF“ MR T 1%

EE”*&W%%%<§?,6§%&EMﬁ T

14 7R T 1EAZ
xTimelncrement Jklzf%%zné vTaskDeIayUntiI()ﬁH?ifﬂ%A
£ % Pk AT —— XA A 2

[FAE
xT cr t? EM .

QTlm ment 1] B A7 G20 Bk B, nl DU =
‘i\ K_RATE_MS $4 25 Fb5E4: 0k e 301

*&

i 5. %#&%@Jﬁ%ﬁﬁﬁ vTaskDelayUntil()

%1 4 F I PIAMT S5 & I PEAT 55, (22 vTaskDeIay()%?zH%iEEﬂ‘]Eﬂﬁ%B‘J
PATHA, PR X YT 5538 B ZE S (R I AR T3 H] vTaskDelay ()¢ iy %) o 3 2o i
H vTaskDelayUntil(){t#% vTaskDelay(), fiX AT EAT 4, DA 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;

/* B HxLastWakeTimefy BAHIIAEL A AT OB EUE . W] —F, XA %A R

xLastWakeTimel £ ki ¥vTaskDelayUntil () HHBEH. */
xLastWakeTime = xTaskGetTickCount () ;

A R 25

/* As per most tasks, this task is implemented in an 1nf1n1&loop */

for( ;; ) Q
{ {:\
/* Print out the name of this task. */ Q %’
vPrintString( pcTaskName ) ; Q O
&

/* RS KRG LL250 dﬂﬁﬂﬂ)ﬁﬂ‘

A LU Fport TICK RATE MSHE

AT R */

vTaskDelayUntil () HZf P T BN .
vTaskDelayUntil ( &xLas e :I.Q 250 / portTICK RATE MS ) );
} &

}
g F vTaskDelayUntil ) SEBL R BIAES
B 5 H9IEATH ﬁ%m\\i MR, 2% 8.

11 6. é‘#ﬁﬂ%ﬁ@%&%

R A 23 A T AT 2% DA 7 OMIBH 28 77 sU AR R GeAT

RPR S MPATIRAE,  FRSEBLRAT E BUN M R ST 0

o ApIEE A

P
P

BRI FF, IR A0 A DOk JE 101 Ok AT
1. A ExLastWakeTime & (E

It

o ARG 1 LAIEMNMES . KWAMES AT BV 747 5, REfF 4

FAH A

IXPANMESS BT T AR n] RE- 2 BCEATTREA BLIEZS I APL R 55, i LUXPAME 55

LTI, EAMTIEITE. BA RIS BF A A A 3 (B 4
Z:4bF, continuous processmg)”E% KA EATT S R s 2, BARAE A

I E TS SR BT AR S FPER A BAE SS IYRAUS 2 AR FAHE . 15,
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o BEAMEL QIR 2 b, m T RAINEAMES IR XA BRI 2
FTENE H A5 e, HE 2 PR, BTl T vTaskDelayuntil(), 765 R4T
Bz [mik B oAb T-RHZERS

JASIPEAE S5 S BURIS S WRR RS B 16.

void vContinuousProcessingTask( void *pvParameters )

{

char *pcTaskName;

/* TENE A TAT B BUESS S HUL N, il A char* */

pcTaskName = ( char * ) pvParameters; \
/* As per most tasks, this task is implement in@i&e loop. */
for( ;; )

.

{ O
/* FTEVRIHATSS 4, ToFL%E, thIoaEiR. @00&
vPrintString( pcTaskName ) ; O

} A %2

s a@z‘&mzﬂ:ﬁ%mmﬁm

void vPeriodicTask( voi@ara

{

portTickType xLastWakeTi e\
.\

/* %}Jﬁﬁ‘@chastWa@,’éE%—?ﬁ;vTaskDelayUntil O EhE . */
X'

xLastWakeTimeQ& GetTickCount () ;

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

.
)

for( ;; )
{
/* Print out the name of this task. */

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

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

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

TEFFES 16 Fl6 ARSI LG
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B 11 g THI 6 RS T gs R, B 12 xR BIRAT R 5 S0 R (A TR AR

iR

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

continuous task 1 rumming
continuous task 1 rumming
continuous task 1 rumming
continuous task 1 rumming
continuous task 1 rumming
continuous task 1 rumming
continuous task 1 rumming
continuous task 1 rumming
Periodic task is rumming

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

continuous task 1 ruming

4 — 0 Bk B 7 U5 B DRI R0 L AR B W,
B UL ] 30 {F 4 4% #40) B2 TIMat I W 15 5 LA i
i fh 26 2, B UL BN 21T A T A, B 5
52k — AT B0 AT 5 VR RpvldskDelayUntil O X B
B A,

“RE N N s - AmEsEATHES, Bk
S (L8 S |EmpEREEREsREn —
BRI ) —— o i A % %ﬁiﬁggggﬂhgﬁ%%?

s o gl ey R _ # 14,
ZRMBEHTHES. BEIave T T T
Periodic ‘1 |

ContinuUous 1 y¢ e

Continuous\

Ide .
[ t1/t2 t3 Timets

2 = AR W, W B A

B TR SRS AR R ER | [5 - OHACRERALE

FRERRAAT KEALAERS LN | L aREnEi g,
=], PT LA 3 2 FURAT - A v 5 L & AT

I TIN L DNE Y [5h PRI ik

ZRMHENTHE

B 12 fl 6 AT

L UL ] DOSBoOX MRALLAS BEAIG T AT BB, LA/ B bR e SR B 58 B RGEAT o
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1.7 ZREFEZERES BT R

1 4 TP G IR R4 I TR A T PSS . AR T AT AT 25 AR RSB AT
LA R S

ELS 28 5 2 T AR AT ——FFF DL D BT M4 A THEAT A5 . O T ARiE
— i, 4 H vTaskStartScheduler( i, g2 A0 — N T WAES . WAL 2
AR NIRRT SR, RS T LUE AT

A PRAT T SR SR (IS 2 O) LAARE LA 2 075 ELAT o8 5 20 1 B A 55
igmaﬂg—%m&&ﬁ@ﬁ@ﬂ%%ﬁ%mrmﬁﬂmiﬁ5€%E%mﬁmm%
Y by WURTEIEE, AR RERT LRI AT S gt

iéﬁ?%%ﬁﬁtf'aé&ﬂu%ﬁ—ﬁﬁ%%ﬁtf‘a‘{ L, RS
BB AT A . X AT LAZER 9 1 tn % <§§i2@&@%ﬁﬁ A AT
S I R LU 4% 2 BT (155 (pre-empted) T AMAES o ki

e HBIRAN, BIFA T EE A Q)
Q)
4
2 PRAE 5540 T R 5L Q, .
LL”L‘PHE%%’J?%(_‘Z ifi, hook, or call-back), J PLHE 42 WAL S s

IR FRE Py AR G (R Dl g ; BT PR AL e AT S5 BREIA A — Ut F Bl ] — K
F‘“*Pﬁ&'%%’} P T

o PATIRILILEL, _‘ZFEETTT AR K Th REARY o

o ML R GAL B T (AR 55 R AR AT I EAR S5 EAN B AT I AT L& AT, P
LA 2 H 20 R A 55 oy ) A B2 I 1) )t m) AT 28 1) RN T R G047 22 /0 ' 4% (R A BRI
) .

o K AL PR AR E BRI FERI
T EEAL BRI, R G0 H Bk AR A
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25 PRAE 554 7 BR B0 SE B PR A
75 PR 55 41 R 80 25038 N LA R

1. AR . SRS RSV EEFH A BTN A ST (R AR R HE
G ICEAEWAE S ILSE )« LIMEAT Ty B ZE S INAE 55 H nl e 3 B0 A 55 RE I

EE RN

2. RN TR 2] T vTaskDelete() AP bR AL, M2 PR B R B0 20 RE IS RLPGR ]
DUNAEAE S BRSNS Dot R AR R0 . RS IR 55— ELAa AT R4
TR, MR T R T AR

7 RAT 55 40 1 iR A5 \/\ﬁ$lr?/ﬁ$17%ngl§&@§&r&\

void vApplicationIdleHook ( v01d %
7. %X~/\§Pﬁff%’é@?®$§

B 4 P T HELIERE R ﬁ%%Am PR PR Tl —— 7
A5 . ABLIN R T

ﬁ%@%%ﬁ%@%ﬁ@g\
SR A FH i L8243 [R] I [A] VA

/* Declare a variab QB will be incremented by the hook function. */
Count = 0UL;

unsigned long ul Id

/* BN TR ﬁﬁ(ﬁ‘/)\nuzjijppllcationIdleHook(),t%‘%&&jﬁj&lﬁ]{ﬁo * /
void vApplicationIdleHook( void )

{

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

ulIdleCycleCount++;

BN 18 — MR HRIE WS T B
FreeRTOSConfig.h {1t & % & configUSE_IDLE_HOOK @7l 5E Xk 1, IXFES
AT 57 IR BT S iR A
X TS5 S B R BOHAT T/ BB, HIBHTENfi il A& & ulldleCycleCount (K]
6, WREFEE 19 Pis.
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void vTaskFunction( void #*pvParameters )

{

char *pcTaskName;

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

character pointer.

*/

pcTaskName = ( char * ) pvParameters;

/* As per most tasks,

for( ;; )

{

/* FTEET AT %, DL EEsul1dleCycleCount [F1H .
vPrintStringAndNumber ( pcTaskName, ulIdleCycleCount ) ;

/* Delay for a period for 250 milliseconds.

vTaskDelay( 250 / portTICK RATE MS );

BRFER 19 R~EMES AR TIOE Hulldie€ycleCount #1E

Cast this to a

this task is implemented in an infinite loop.

X/

B 7 194 45 R 2 LI 13 N P plEAG T (FE BRI U 1), 25 PRAT 55 8 1 ol A

AT 55 R A A IR gl 1 (%) 20 4.5 miillion 7K.

C:\Temp>rtosdemo
Task 2 iz punning

Task 2 iz prunning
ulidleCycleCount
Task 1 iz prunning
ulidleCycleCount
Task 2 is running
ulidleCycleCount
Task 1 is running
ulidleCycleCount
Task 2 is running
ulldleCycleCount
Task is running
ulldleCycleCount
ask 2 is running
ulldleCycleCount
Task 1 is running
wlldleCycleCount

AWINDOWS \system32 \cmid .eve - rlosdemo

3869504
3869584
8564623
8564623
13181482
13181482
17838486
17838486
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1.8 BURAEFMEL

vTaskPrioritySet() APl pR%{
API 5% vTaskPriofitySet() ] LA T-7E 1 & 2% )5 8 5 OB AT AT 55 AL SE

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

TRFFIEIE 20 vTaskPrioritySet() APl ¥R &

% 4 vTaskPrioritySet() 2%
SH 4 i \\,

pxTask WAE S I AT 55 1 4 (R @%% %% xTaskCreate() API
EREACHE S pxCreated% ,{ 15 IS5 A7 T B 5

545 7T LR £ @a'@ﬂaamm#&

uxNewPriority Hﬁ&%%& N’@%%é&t AR R R T sk AL
i IORITIES — 1), W&k 503 Tk 5 KA.
IORITIES /&4 FreeRTOSConfig.h sk &

uxTaskPriorityGet() APl B&%{
uxTaskPriorityGet() API P& ZUH T A — ML L e 24

unsigned portBASE TYPE uxTaskPriorityGet ( xTaskHandle pxTask ) ;

TG 21 uxTaskPriorityGet() APl ESUR A
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% 5 uxTaskPriorityGet()Z: % & ik [rl1H

pxTask e A AT55 FRIEZH

pxCreatedTask LA T fif i fa] 5 2I4F-55 A4 7 THI R4S B
FE4% AT DLUE R AR AN NULL iR i 8 R o8 2%

R PE PANAESS I Z AT e 4.

B8, BEFESRSEL N\
R - T

A5 B &8 L ] vTaskPrioritySet() 6@ > PSS AR e, LIk F
S B 4T 4 BT & Q

TTH%%%%L@LWA %m&ﬁwmﬁﬁ%éﬁﬁAmgﬁm
APl %L, %uﬁﬁA4 xu, AR TAEAT AR R, I
Y4 AT m%ﬁm4

MSEﬁU?ﬁﬁﬁﬁ\

o f£55 uﬁi 2)@1J§£ﬁamﬁn5’aﬁ, PAORUEI ol AR SGis AT AE55 1 B
FTEN 4T TR, RIERAES 2B B 23) L eIt 8l B 2z b

o 1155 2 —HIMT B L MR ST (ENIZATE) . AR H AT
—OMEF A TIBATE, PTUCAAESS 2 84T, RS 1A TEE .

o fE55 2 4THIHE —ME R, AR A SRS gB mHR 74155 1 BRI ME.

o {155 2 AR A CHIEFEIRAE TS 1 X0 A Bom e R TS5, i bME
% 1 HPENIBITAS, AE55 2 BoslvI A4 4.
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void vTaskl( void *pvParameters )
{
unsigned portBASE TYPE uxPriority;
/* AAES R HAR S 2B 5GI8AT, RN AAE S5 QIR A S I 2 b o AR5 TRME S5 288 AN Se B ZE, T LAP 22
LT RS, BARTEGE.
PWIAAT S M ATISAT IR R - 44— ANULLER R i <RI E CRREL” . */
uxPriority = uxTaskPriorityGet( NULL );
for( ;; )
{
/* Print out the name of this task. */

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

/* ACAES 200N B B B TAE S LI, S5 2 37 RIS BT (0 AR5 2 DU 2 BT A AT 55
T HA LRSS « R vTaskPrioritySet () H#H@UE‘JE%%’DU’%O FERPI 2485 R

AR . */ )
vPrintString( "About to raise the Task2 pxior r&
vTaskPrioritySet ( xTask2Handle, ( uxPri‘
/* ZIKE%AETIEULG‘L@&m?E%zﬁﬁfA QEE%J\JT@ X L, A4 2088 B4R
TET, ﬁﬂhlilﬁl%ﬁ’]ﬂhi‘ﬁé&uﬁ@k@l @\
} &

}
ﬂy@g 22 % F£55 1 ISKTUARTS

void vTask2( void *pvPar
{ \&

unsigned portBASE TYPE u:k rity;
/* 4%1&@4{%%@0M{%mu%f%mmﬁcsﬁﬁ (L4 LTS 2 R SIS, LI H AT
MR, HAMT]
B AAT 5 AT 1)55'(:%& - L —ANULLE R R U ORI A QR . +/
uxPriority = uxTaskPriorityGet( NULL );
for( ;; )
{
/* BAEFEBATERRE, ES1IBRCLEBITE T, JRRAS SIS ERIm TS 1A . +/

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

/* K H SRR BCE R KE . ZENULLARE R “ SR C e o eIE R E 21K
TAES VHAHES LM RHAT - (E51HE AfES .  */

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

vTaskPrioritySet ( NULL, ( uxPriority - 2 ) );

BFPER 23 Bl 8 RS 2 KR
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ESSAEEWAME S A QPR FFRA AT A ——AE . NULL

P o HATTEREAME 55 75 25 ST 55 I I A 25 F BIE 55 AU . 47 LUAT 5% 1 AR
LSS 2 PLES, O TAkESS 1 RE AT BIAESS 2 IAIR, (EAESS 2 galdtmf A
PR IF I ORAF TR, AUBTRPTE B 24 R b G s (10—

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

int main( void )

{

/* ATE LRI ER 2 . TS SHE A 3], #WANULL. E‘@ﬁ%@\im&ﬁywm */
xTaskCreate( vTaskl, "Task 1", 1000, NULL, 2,.NULE ;Q
/* The task is created at priority 2 <i :> %’

/* ARG 2Bl b - ﬁtﬁtﬁ'ﬁé&ﬁ?&%%@?@, BEANULL. (HATS5 2 (AT 55 AR 2 1

A, #fixTask2HandlelJHihHfE N,  */
xTaskCreate( vTask2, "Task 2"& lQ) , &xTask2Handle );
*

AAAAAAAAAAAAA

/* The task handle is the l@ am /
&tart executing. */

/* Start the scheduler ta

vTaskStartSchedulerQ

/* If all is well then

-

will never reach here as the scheduler will

)
now be running the ta If main() does reach here then it is likely that

there was insuf@t‘ heap memory available for the idle task to be created.
CHAPTER 5 p:@

re information on memory management. */

for( ;; );

TR 24 ) 8 h main() KB LAY

B 14 o 741 8 TS, 1 8 iisfrim i 45 12 WH 15,
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1 - Task1 runs
first as it has the

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

highest priority

Task 1 -
Task 2
ldle

Task1' priority, and so on

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

{1

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

ime \
2T /

Task2 priority to be
the highest
B 14" Bl 8HITIHRE

is rumming
to lower the TaskZ priority
is runming
to raise the TaskZ priority
2 is ruming
ut to lower the TaskZ priority
is ruming
raise the TaskZ priority
running
lower the TaskZ priority
running
raise the TaskZ priority
ruming
lower the TaskZ priority
ruming
raise the TaskZ priority
ruming
lower the TaskZ priority
ruming
raise the TaskZ priority
ruming
lower the TaskZ priority
ruming
raise the TaskZ priority

DOSBox 0.72, Cpo '\«; 3000, Frameskip 0, Progrant: |

B 15 8 KEfTHiigR
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1.9 MRS

vTaskDelete() APl B&%}

{155 7T LI API i % vTaskDelete(VMER A CL e IL & AE5% -

RS HMIER IS RAAAE, MASHIEANIZITE.

25 AT 55 I DT AT A2 2R 70 Bo 25 O BRAT 25 0 N AP R Jicit e DRy — AR 2, IR gl
At ] vTaskDelete() API BRI 55 T AN RESE 28 AT 55 B HRAT I TR AR K

s U — i U WA AR ST 7 BC I W AE 28 8] A S AEAT S5 B m A shleliic. AT
55 B Ol T A A7 e s 2 R R A O R R T

S
void vTaskDelete( xTaskHandle praskToDeletQ Q
FERB 4 25 vTaskDelete() A ﬁ@’

* 6& D%gw%ﬁ

B4, & <<&Q’ it
X
pxTaskToDelete %ﬁﬂﬂ@%ﬂ HPr1TE55) 22 xTaskCreate() API PR ([T
%Q%ZK edTask LA T i anfer 453 24T 45 000 7 THI TS B

ﬁ@'ixﬁﬁﬂ:f\ NULL {3k M E
R

51 9. MRS
RN RE R, AT LR

o f£55 1 M main() B 1 b B4 LisdTie, LM% 2 BdFSs 2. Bl
EAES 2 B, Frbla BRI HAT . main() s EyR L 2 LR
JPis R 26, 545 1 SRS S LR i o 27,

o 155 2 Mt A, HAMERAC. i fEE NULL {ELL vTaskDelete()
SKMIBR A O, HE T 4D IR, RIS B M. 1155 2 s
PEARAD WL 71 B 28,
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o TS 24 H CMERZ )G, 4155 L ke e RIATSs, T AgkEegidT, A
vTaskDelay()BH %€ —/NBE A TH]

o HMES LHEAMIEIRE S, BWESFRPIT IS . ERESSFIAR B
IR IIAESS 2 3 BEI N A7

o fE55 1 BEITHIER IR, M UUs At e & HAT B LR MAESs, ket dy
WS XA IRGIEAES 2, WkiER.

int main( void )

{
/* ARG 1A e b */ \\
xTaskCreate( vTaskl, "Task 1", 1000, NULL, 1, N@ %
/* The task is created at priority 1 7 Q

*

/* Start the scheduler so the tasks st@e u */
vTaskStartScheduler() ; % &

/* main() should never reach l&as t& eduler has been started. */
for( ;; )i Q\ &
) K

9 ) main()E H L

void vTaskl( void *pvPar \
{

.

const portTickType DQIOOms = 100 / portTICK RATE MS;
for( ;; ) ;f\'\'
{ \Q

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

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

/* QAT 2 el E . */
xTaskCreate( vTask2, "Task 2", 1000, NULL, 2, &xTask2Handle );

/* The task handle is the last parameter

/* BFOMES 2 A e g, ITUAES LsATRIX BN, R4 2 Ca5e T, MERT Ad. F5%1150
AT, AiR100ms */
vTaskDelay( xDelaylOOms ) ;

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

{
/* ARG 24t A BB, FURMNER A O MR F 2] AR ANULLAE, XHLh TR, 2 A A Daii. +/
vPrintString( "Task2 is running and about to delete itself\r\n" );
vTaskDelete( xTask2Handle );
}
EFPER 28 Bl 9 HHIES 2 LIARE
o CY\WINDOWS \system32 \cmd.exe - rtosdemo
running
running ahout delete
runn ing
running ahout delete
runn ing
running ahout delete
running
running ahout delete
runn ing
running ahout delete
runn ing
running ahout delete
running
running ahout delete
running
running ahout delete
runn ing
running ahout delete
runn ing
running ahout delete
running
running ahout delete
running
running ahout delete 1
6 Bl oFnEmmiLa R
A-TFask 2 does nothing other than delete
itself, allowing execution to return to Task 1.
Task 2,y
Task\ 0.
i A
ot t2 Time tn
1-Task 1 runs and creates Task 2L | 3. Task 1 calls vTaskDelay(), allowing
Task 2 starts to run immediately as it | | the idle task to run until the delay time
has the higher priority. expires, and the whole sequence repeats.
B 17 Bl 9 $ATHE
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1.10 AEHEZE - f#d

PLoEHt b A E
AR BIRE R 2R T FreeRTOS fEAHA g DL LI 7 ik — M4
PRI S5 K AT

o REMESFHIRT T — ML
o REMESH AT LA AE T DB ARG
o (EAEATINARER AT —MESS 1] UL a1 RaESs

o VRERS BRAEATH A TR A T 5 TP K &@’%ﬁ&ﬂ%%

PSR IR 5 5 SR O S L SE a ﬁmlm%%ﬁmii4
RGP T T — MRS, EA%%%C5 / A (BT S5 1E2). "18
BNt N R i N R B ﬁ%&_ﬂiiiffi<Eﬁfﬁé&ﬁﬁ?ﬁJ&EﬁT&

AT 46 3 S 36 7 24 RIS AT 01 Q,

1145 1] DAZEBLIE IR A £’ﬂ@!@% (U A A S B A o I R A
R AR E I 4 (@um IR IS L FE T B BRI AT o T4
e A 25 R DA % 6 (E55—Fife B, AR IR 200k . R0 S8
W TR 54T 0, %%4\%@]%%&?}%@@1

FE) 18 3 3o Pl SN A A T R B T 40 7 5 A (07 Tk

\Q Task 2 pre-empts Task 3 % ‘ Task 1 pre-empts Task 2&

Task1 (high, event);E _ Ci
Task?2 (med,periodic)j—é CD— @d d .
Task3 (ow,event) = gmm  pm  mm T
ldle task (continuous)é —- a-—u _I -
1 2 13 14 tte t7 18 - 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
Designed

NS

ARG HAT BARILES, PrAE S sl g E 55 T &, WA
Skttt —— i 3, t5 1 t9 1.

. f£%5 3

155 3 & NFMIWINES o H LA — MR EBARII e, (AR dm T
BWAESS o O I )R B FE S S5 155 HOGO I o A MR R I Lt
MPBHZESHAL Bl 254 . FreeRTOS H Ty B’JE%IEHUQTE([MU 55 7#5%5)
#Ay LA I Ay O T R Ak A SR AT m*

%#EB,5u&wﬁmuzmm%Aégk£b§;Ew$msﬁﬂ%%#
Al AT R g AL B, lﬁﬁﬂﬁﬂ4 ‘ﬁg BT TP e il . KA

{19 & 112 2 WA ZI1K) ggéﬂ&@,mg~ﬁéﬁuzﬁ%o
B A B SR T EMEiztroh, ST U2 A, P
AR HE A B, {@% RS AT
.QZ)
155 2 <<

E%z%~4%%¥ . RS TS 3 IS TAES 1o A4 5 1A e
{145 2 WIHELE e 46 A1 19 1N 23T -

»fmﬁ%ﬁ%3ﬁ?ﬁﬁ$ (FLRAT 45 2 M AT 0 s 20, LA 2t
14 3, JETEEEHIIT. (555 2 SeRUbiE, 7 t7 WZBEH 2. [,
114 3 LT F N GEATA, AREESE b IE . (145 3 76 t8 INZIHE A FH ZEIR 45

1145 1

155 L2 —DFRMTESS . 155 LEEFTAT S R Rmibsed, Hikn]
LI T RGP TINS5 . AERTRE D], AR5 1 IFE R AEAEAE 110
%), IS 13d TR 20 R 54455 178 t1] IS ZIFRREEABLIES 2
Ja, 55 2 A3 UL GRE5E b #EL
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RS NER

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

AR Ry — et TR, 56 BCHEE SEE IR T 6 AT 550 S 2 o i T 58 R A I DY RE AT 55 1R AR
Jedl. HIHE BRI, AT R AL B SR R, AR RN BT, LARAIE
S R A 3 s 532 B (1 95 SR B o

B9 % i (Rate Monotonic Scheduling, RMS) & —Ffi I A 56 28 70 Bl AR
FURRHGAT: 25 5 S 1 AT ) 3ok 20 S — AN ME— B SE 2 o HAT S v Sl IR AT 3 AT 55
WY AL 2 BAT AR AT IR AT 55 I T e R Se 4 . XA S5 4 73 1id 7 X
WAIE] T 0] LU KA REAS B F RS> 6 T i P (schedulability),  {H & 1247 I Ta) AN & LA
FFARPTA AT S A EAT I, oA X m oy U 42 ﬁ%@@% A

PER A 3 Cb’
ARG T A R FreeRTos@@&Qvﬁﬁiwo

%ﬁ*ﬁ%ﬁ%mﬁﬁﬁﬁﬁh\Qgﬁgaﬁﬁ%ﬁkmﬁﬁﬁ%ﬁﬁﬁﬁ%ﬁ
ﬁﬁ%mwwaﬂmﬁ,ﬁ%ﬁﬁgg'ﬁ@bﬁ%ﬂﬁK%ﬁﬁﬁ,ﬁﬁﬁﬁﬁ%%
ﬁ%&%&ﬁ%ﬁﬂ%ﬁﬁ%ﬁﬁm IR 2 VR 1033 18 T4 7 2k AR LA o, L
%%@ﬁ%%%@m%&k

SEBLIR A U T K 7, T A PR R P AT b T S,
Mﬁﬁﬁﬁi%@;;ﬁi%ﬁuﬁw@$#ﬂmﬁoﬁﬁmm%%%@ﬁ7~4&ﬁ

IS 1) AL PR 4 o BRVFRXIE TR, BIONZRA TRCE, JF HaX & M
FH R 2 2 e B
FreeRTOS 44

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



PABIE R



http://www.FreeRTOS.org

2.1 #E%

T FreeRTOS (13 FFE T B — 20 07 AT 25 W) i —— M 28 305 2 B AT Mt~ AL
BRIK)NRE P o 3K S8R0 ST (KA 45 2 [A) 4R 7] fE £ 3 o 41 B30 15 LA A 0 R4 Th g .
FreeRTOS 1 fiTf A5 55 [ 2D LI #S 2 3L T BA ) S IT

ATEIEEAR T TR LA
o Wi B — AT

o BABIBT A EL K0 Q \\,
o 1] [ DA R Q QQ’

o AT WA BB R0 4R, OC’)
o IAUBH B2 -2 7 S8 G&

o FEBAFI R LB S g@e 2RI R

A
z&%«x%@%@%zma@i@% %%ﬁ‘z@ﬂ@tﬁ%ﬂ%ﬁ%zﬁi}%o

\'Qo
A\

S

%
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2.2 BAFIHHRE

e EEEA

BAF AT LADRAE AT BRAN LA B 52 A I et B 05 o BAAI AT LAORAR (1 S5 K R e 4 H i
A BRBURTERIE” . EBNA G i i 22 82 LR AN REAS FG R R

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

AE BB S N Bt H 3 I 71 5 DUt = A Ak 2 A s AABAAE3 HH i A 49T
BAS e 0 Kt #5 DU ER . 1B 19 @f%TMﬁUE@EAEi@E, KX&EE%’ENBA?UKP

HR 3. Q '
THE EEER C,)Q&O

BB B A B ML BPR R 9 % ﬂ@;gﬂﬁmﬁ%ﬁﬁﬁ%o FIATAE 55 # ) LA
0 7] A5 NS o N BAA ?.? / % 22N, (B 2 7 B B AR A 2
Q

19) .
i3 A TR P 2 <<'\

HARAMES A pf, JLRT DA E — AN BH SRR I I R o FEIX BT R] e,
KBNS H iZE%‘%g‘; FEIRF LLAR A5 BB A R 4 e AR 55 50 W e 251
TEH SRR BA A B, ZAE5H Hah BLZE S HA 25 . 58 AR I Tl

o T HRER Bﬂ%\ﬁ%, BIME BA A P ¥ JE A R » AR 95 e A S BHZE SR At 42 .

T BAB T DA 22 AT 5B RO ARSI, ] e 2 ML 5540 T FH 2
WA LLERFBAIIEE A 2 XML T, — BRI AR, ety — MES SRk
BHLZE, XA AT S5 R AR 55 H UL e s AT 55 o i W AR P A7 S5 AE 55 IO L e 2
TS, 827 B BHL2E IO 55 K o2 S A i A TR 55

SRAFIR P ZE
[FIEERAS—#F, AR5 Al LAAE S BRAIN Fig 5 — AN FHLZE BN N TR) o XA 1A 240
BAF LIy, AR 55 B0 A BH 22 US4 DA S 22 ) 3 2 1) o A I 1)
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HIF BRI A MESF SN, P LU AR, L n] BEAT 2 TS5 AL TR 2E
WA LLEEAF A S AT R ERMESL T, — BRI WA R, N — MBS Sk
BHLZE, XA PITAT S5 R AR 55 h UL i s AT 55 o 1l W AR P A7 85844 55 IO L e
TS, B2 B BHL2E IO 55 K o2 S AR i A TR 55

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

EHFAE T AMBEFET (RiE) DEAFIE. dT A2 s RZEH, Bl
5 AH1E B B R BA S e — ) 53 85T > BIVBAGY BAnBA 51 E R 2 iXME

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

.H.
=
-+
=
=
b
S

EHFBESEA T TS, Wi

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

xQueueCreate() APl &3
BAZAE A FH 06 20 S 4 1) e
BABI 5 B xQueueHandle 1784751 H . xQueueCreate()H Tz —4~BA
#, FFik[El—A~ xQueueHandle f#K LU T AL (M BAAIREAT 51 H
HEIEBASIIN, FreeRTOS MMEZ ] 173l A7 18] o 3 C 1025 18] FH T A7 Al BA 91 2
I G KA B DL R BN A, 5 (R B8 R s T SR P A HE PP A 8 1 2 ) SR 1 2 BA A,
xQueueCreate()KiR [0 NULL. 25 &<y ﬁﬂé?ﬁﬂﬁ@ﬂﬂ@%%o

XQueueHandle xQueueCreate( unsigned portBASi T@ éngth,
e

unsigned portB E Size );
BIFER 29xQ

6}3 é\mﬁzﬂ

Qsﬂ% 2R 53R
BH 4

&

uxQueueLength FAZ | BB A (1) B K e 2 H . RIBASIER

uxltemsSize @J@ﬁzﬁﬁfaw& B4 S H

JE[EIfi N UL et pesa i 550 Kot
4 NULL {2275 BA B QUL DY o BRI 4 (7 R ok, B
B A B AT 4.
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xQueueSendToBack() 5 xQueueSendToFront() API E%

L[] pR B 42 71 R TR ) —FE,  xQueueSendToBack() H T K5 B dis A 1% 21| B\ 41
J&: 1M xQueueSendToFront() FH T-F5 £k A& i% 2\ A) 1 .

xQueueSend()5¢ 455 AT xQueueSendToBack()

B9 ] A A W ik % B R T W A xQueueSendToFront() H§
xQueueSendToBack(). R &Mt 2 M AR xQueueSendToFrontFromISR() 5
xQueueSendToBackFromISR() H T-75 H Wi il 45 Hh SEELAH [ ) Bh g o X S8k 70 2 — =
IR

const void * pvi ueu

pPOrtBASE_TYPE xQueueSendToFront(  xQueueHandle xQueu'l

portTickType ksToW.

TEFFTEE 30 The xQueueSe @oFr @
Cﬁ?

portBASE_TYPE xQueueSendToBack( XQ
& pvltemToQueue
tTi xTicksToWait );
ErEs 3%2 Q dToBack() APl R¥HE!
L

%8 xQueueSerg )5 xQueueSendToBack() i 12 H Sk bl
44 \ ETP%)

R

xQueue \Q HARBABI I A0RR . XA AR RLZ T xQueueCreate() B & 1% FA
HII IR [FME

pvitemToQueue PIEBAR M FRE o JLAE R Ry EAL IR H ARBAA P A # T .
AR QU B IN ¥ T BAS o el B os IR, BT DA i
b9 1] 49 2 T ST 28 P A0 21 BA A (1047 DX 4k o

xTicksToWait BHL SR I I 8] o S0 RAE ACAE N BA S i, 1NN TR BRI AR 5540
B2 28 55 AR BB 223 TR AT 25 ) e I S A IS 1) o
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iR AL

FreeRTOS

wr R xTicksTowait #& 4 0, Jf H BA %1 & W , W
xQueueSendToFront()5 xQueueSendToBack() )4 37 Bl [H] .

BH 2 s [1] S DA R GOk FA 3030 SRS 1R), BT DA ) TR B R T R4
DA . W portTICK_RATE_MS A] LA SR qt 0o ik It ) &40
Bk S RPN ) AT

an F A4 xTicksToWait # 4 portMAX_DELAY , Jf H &
FreeRTOSConig.h i E INCLUDE_vTaskSuspend 4 1,
B FE LG PR A R I PR A

A AT A [ Q \\
Q

1. pdPASS

1] pdPASS H /\Q&pﬂﬁ?x@mwmwkﬁmﬂ
H
ﬁﬂ%*}%ﬁ?ﬂ ’ﬁ%lﬁﬂ(lecksToWalt AF 0), 75 R B0k [P 2 Hif

& ([ 2 25 LA A5 BA 51 25 1) 4 30— 68 N 21K 11 g
R RIS 5 AN BIBAA, BRI 25 i [H] pdPASS.

Z\Xr UEUE_FULL

\ PN AR R R & AN 2

errQUEUE_FULL.

WUV E T P IR (xTicksToWait F 0), 7E &%kl 2
AT 55 K4 Bl e 30 BHL ZE 28 LAAEAE BA 51 25 18] A7 280 F B 2 N A1 8
A7 FE AT S5 ot v W 55 )R 1 S BA 71 s 4 ), R 5 2 k%
[f] errQUEUE_FULL.
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xQueueReceive()5 xQueuePeek() API %

xQueueReceive() H T MBAFI I (1520 £l Fr ot . BRUCEN 1 5o R N 2 B A
H RS o

xQueuePeek()t & MM BAF e e Bicdls 5T, AN A& T A BAF A il s 2 i 21
570, xQueuePeek() MNIAF E HM EIHHE J5, A BB P, BASHE
KA AE BB T BAF A L

YICANELLE IR 4540 F2  i F xQueueRceive () Al xQueuePeek() . H i 22 4 i A
(1148 APl B % xQueueReceiveFromISR() K24 45 = & h iFik

portBASE_TYPE xQueueReceive( XQueueHandle xQueue, \
const void * pouﬁeQ \
portTickType xTi owait )Q

B 20 xQueueRecei
BRI A 20" ? 3K K ‘ A2

portBASE_TYPE xQueuePeek( xQueue&QQu
cons
Qﬁ@ cksToWait );
ﬁia QueuePeek() API ¥ & #

#9 xQue\ eive() 5 xQueuePeek() i (S 51k n|1E

BH 4 \S’Q Hiik

xQueue B BAB B AR« IXAN AR R P F xQueueCreate ()il 2 % B 51
IS PR3 [

pvBuffer A iREt . HAR M — B AR X I, T BRI 5 DLk
(R 2 o

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

xTicksToWait RH ZE B I I TR] o dn SR AE B BA S A 2, IIEX AN B[R] 2 AT 45 4b T
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iR AL

FreeRTOS

BH ZEAR S ASEAF DA K3 A7 20 00 B IS5 A P 7]

Wik xTicksToWait %4 0, FFHPAZIA2, T xQueueRecieve()
5 xQueuePeek() )& 37 HiR [,

BELZE I 1) 2 LA R G Lok S S0 BT ) i A6 I (] B o T R ¢
DR . H 5 port TICK_RATE_MS A LI S0 Bk N 7] Bf7 4%
1o kg ZEFD IS TA) BLA

o B xTicksToWait ¥ & 4 portMAX_DELAY , Jf H 7
FreeRTOSConig.h #1 ¥ & INCLUDE_vTaskSuspend % 1, 4
BHL 2 55 5 0 VA R I R \'\

AT RO Q %Q

1. pdPASS COQ &

WA — P czé%E, S 5fe A2 A D 1 M BAF ) HR s 2

ﬁn%&ﬁ&@&ﬂﬂ(ﬂlckﬂowﬁlﬂkO) TERRAEOR [P 2 BiAT:
25 LA A BB B A S — 1 R N 3K AT s 5 AN
s, EZ (A pdPASS.

R
W

r UEUE_FULL

@E&ﬁlﬁﬁﬂ?@\ﬂﬂ 50 BEAT R BT Hodhs, RS 3 ]

eerUEUE FULL.

W BEE T FHLZEB I A] (xTicksToWait JF 00, 7E & H0R [ 2 /i
1T 55 R A3 75 B BHL 225 AAE A A S B A7 3. B B B N sy
FLE AT 25 R b T R 55 0 AR AT BA A v N B, R B0 23 0 [
errQUEUE_FULL.
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uxQueueMessagesWaiting() APl &%

uxQueueMessagesWaiting() H - A i BAF1 A 24 /i A 25080 Fr o6 /N 4.

PIE AN v T R 25 A TP B uxQueueMessagesWaiting(). 8 24 75 o b R 45 o
1 FHH A 7 22 4 A uxQueueMessagesWaitingFromISR().

unsigned portBASE_TYPE uxQueueMessagesWaiting( xQueueHandle xQueue );

P H 33 uxQueueMessagesWaiting() AP B REAL

7 10 uxQueueMessagesWaiting() i %1 %k A ik [r1{H

¥4 %K:><§§S

xQueue HAMIBPASIIR IR iz/l\/@@

(3R I Oc,) &
DAL} %%Mﬂ%%@ﬁ%@$~ <%£EO%%MW%§O
SRR
Q) L 3

B0, wsEE <N

$%%ﬁ@%%ﬁ%&y ARG AT MO, LU MR
XA IAL th el Tog VLRI 8. (kS5 MOl 0 55 2 s ML R
@,ﬁﬁMﬂmﬁﬁgQTﬁwW@o

FEIAT T ANV £ 5 60 R S IE T A SR S5 00250 SRR DA T K R
SRR MR TT . Bk — LR AR A BABY, ST 55 B A L3
Ho T E A BIES, BB B, (7S I BA B e R — A 51— P 5 2 T
51.

FRRFHE 34 JEUL T SO TS RIS, AT 4 HOIAE T A SEH), A
FE MBS 5 40 100, 15— AN STBIA EEHLAE IS Al 200, (F4 A 15
S L TN

leueCreate()fi & iZ 5\ 51 i
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static void vSenderTask( void *pvParameters )

{
long IValueToSend;

portBASE_TYPE xStatus;

/> ZAEF LR SEG, Br LS AN SR AL S N D S8tk — 307 AR S B4 AN ]
{Ho BABIGIEE NG € H A .70 Bong Y, iy LAE I 280 #3000 Bl fon 2R 2R */

IValueToSend = ( long ) pvParameters;

7% FIKZHUTS— R, AALS AL T—ATEARHR >/
for( ;5 )
{

/* FEBNI IR EE
B ANSERE GBS BAFIE LSS R 3h 2 i w1 ﬁ%>~ AT o
Sagym;

%A%ﬁ%%ﬁ%ﬁﬁ%ﬂm,ﬁmﬁwﬁilMﬁg;%:

HASHUE LI — BB IR DL BB A )T 2k, A b A 1
ISR, BRI A M A RS 2 R $@D$, BBl AR 2

*/ <E£E:)

xStatus = xQueueSendToB@x%ﬁ IvValueToSend, 0 );

if( xStatus 1= pdPASS QZ)

{ L
/> ROEERAE NGl T (o — XIRAAERE R, BB KIS AT e . */
VPrintString( 'C ot send to the queue.\r\n" );
) \
>

*

/*ﬁﬁﬁﬁ@ﬁégyﬁotmmwaﬁoﬁﬂﬁE%MEﬁw&ﬁEEE%,ﬁﬁ%%ﬁﬁﬁ%wﬁ

i H B QQ
taskYIELD();

RFHER 34 6 10 3 K5 AFIES KBS

FEFPIR L 35 JEHL 1 BE A AT 55 AR S . BERASIAT 51 E T 100 220 (1 BH ZE 8 I I
], Jir LA iE N BHZEZS LA R AU B A 2. — ELBAZI T 8l s oc a3, sl BIAE A )
Hn oA A N T 100 200, WAESTR S MERRRLZE . A, Rkiz A2
YL 100 Z RIS, U PIAMESAEAMSHE R S K
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static void vReceiverTask( void *pvParameters )

{

7 GEERARR, TR NS TR B s . </

long IReceivedValue;

POrtBASE_TYPE xStatus;

const portTickType xTicksToWait = 100 / portTICK_RATE_MS;

7% BALEMIRAE TR . >/

for( ;; )

{
7> SRR ING— oA, AL 56 S B BR WIS N BAA s o, >/
i f( uxQueueMessagesWaiting( xQueue ) =0 )

{

VvPrintString( "Queue should have been e \r\n" g\
3

7% MBAF R R :Q
AN BHOE RIS wmzﬁr%g»% & FF DA T AT 4T o

ﬁ#A%ﬁm%ﬁ&Wﬁ%ﬁﬁm§<§;> A& IReceivedValueffiilil. MoK Y
Mﬂﬁﬁ$m*Mﬁﬁ,ﬁuﬁ<Z~ N &ﬁ%ﬁﬁ

5 AN S HUL L ZEHIN IN [7) WS

]
portTICK_RATE_MgfH k¥ 100%
*/

xStatus = xQueueReGei
if( xStatus == pd

‘ﬁkﬁ%ﬁAmﬁhﬁu SRS B AT . A bR R
IS 1) 8 46t Ay LU ZR G0k Ay B PRI )4

XQueue, &IReceivedValue, xTicksToWait );

{ .
/* 183 Gl FTENHk. >/
VPrintStringAndNumber( "Received = ', IReceivedValue );
3
else
{

/% ZAF100ms h BATWCEINAT ] 404 .
M%ﬁf%ﬁ,Iﬁﬁ%&%fﬁ%m&Mﬂ*EAﬁﬁ*/
VPrintString( "Could not receive from the queue.\r\n" );

REFPIE R 35 4 10 FPEIIERASIAESS SEBLARAY
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FEFFIE B 36 1 1 main() 5 siil. FAE R Sl BEas 2 i G 17— BAAIA =
MES o RV RHESS LB BB B S B EAEAE T I A AT RE 2 Al
G, AP 2RI T el URAF 52 5 4> long ZU{ELR BA S o

/* FEW—AEA, xQueueHand e HALR . HH T ORAFIAZI ARG, DME —=AMESHE LS AT >/
XQueueHandle xQueue;
int main( void )
{
/> GBI T /A7 B 2 5AME, BBl PO AT L B8 1) 2 AR A — A long AR i >/
XQueue = xQueueCreate( 5, sizeof( long ) );
if( xQueue = NULL )

{
/* BIEBANGEAIUT S S526, AT45 N DS BUH FAL 3 K i% <Mﬁo
100, 1Mo AMMTSS S A R A B R 126200, rﬂj/MTi IR */

XTaskCreate( vSenderTask, "Senderl', 100 ¢ v%”} 100, 1, NULL );

XTaskCreate( vSenderTask, "Senderz@)o, i ) 200, 1, NULL );
,4%0&5‘1;2)1’ */

7 QNS5 54 . JEAR S g :
XxTaskCreate( vReceiverTask " ver, (1000, NULL, 2, NULL );

ey ﬁ%ﬂﬁwg‘ <<&Q)

vTaskStartSchedul er(Q)

}I <<&

{

‘\/l\ SBIATE AT A S R 3E

L

7% HIEIE R/ .\\
} \<?‘
/7* IR UIEFSMain Q MBI AZ S AT ZIX L. (EUERPAT RN L, AR eI A7 HE 25 0] A L S U N

45 IC B, S LA YA 2 6T BRI HIE B >/
for( ;5 );

EFER 36 6 10 F/ main() R ELIARE

5 AT S5 AE ARG A T 4 taskYIELD(). taskYIELD ()3l &1 B 2% v R EA AT
FU1, A EERY AR SS BI TH R FEIRS . HE/MESS T taskYIELDO)AERL T34 H g
WGBTS T A A S BAIUE S HA IR A4 64k, B bA— B —AMT:
% WA T taskYIELD(), /M 2IHAT — A taskYIELDO) AT 5685 5
A, IR —/MEFBENIBAITA XL AT DUE LI P /MT 55 56 B AT A 51 K % 4
FreeRTOS o
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i A 21 sl LA 261 10 f94m 45 2R

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

B 21 %) 10 iR

B 22 JEg7s T A AT IR AR

1 - The Receiver task runs first because it hds the
highest priority. It attempts to read from,the qUeue. The
gqueue is empty so the Receiver entersithe'Blocked state
to wait for data to become available.(Once the Receiver
is blocked Sender 2 can run.

Receiver
S&nier 2
Sender 1

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

Sender 2 immediately Yields to Sender 1.

2

. Time >

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

/

4 - Sender 1 wrifés to the queue, causing a

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

B 22 fl 10 PR EIPATHRE
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P BAF %38 R & B R

—MES A B RZCR B 2 AN AGE YR I B e 2 W . TR IO R L
e, it ZERE R KR, TR S ORI E P i b B, — ANy g 5
OB AS L A R A, SRR R B Pt B2 1 i BRI B B 23 XX —
T EHAT T DL

typedef struct
{
int ivalue;
int iMeaning;
} xData;

Nw{'_- g
Bl 23 4 @ &;ﬁ’fﬁ%
M 23 ] LU

o A ANASIH TR (& ’Jﬁiiﬁﬁ-ﬁm 2T AL NDAAKER L B b i
i fig

%ﬁ%ﬁ%Ti&ﬁ"X&{ AN R T BL Rk AGE B BA S
o PORIETHIESS T e ek ERIRGT I g . HAL AU BAB AR R R AN R SR

AR SR AE e Y
« CAN BZATSH T \CAN B2 TfE . 2 CAN B ZRAT AR IS — AN
J& s ,\H?@ M SR xData 25 F kT R A HIT S . 4i1R11 iMeaning
Ji 5 F T Lk rh SRR AT 55 S TE X AN Bl 2 R AT A1) — ANE R ] LG
XA RS L . S5F R iValue Ji 53 Al DALE A sk 2 AT 45 03 F M LI
S B g A
o AHUEEH(HMIESS TR A AL D DI RedEAT B8 o B R 03 nl Alid i & Fil
i AT A NS, AU T 55 5 BRI Se AR AT R b . 4
PR AN B A 5 s AP T4l ) xData 45604 iy 4 K 3% 2 o g P i1 45
St RIY iMeaning i 53 FH T Lk S SRAE 55 B X AN B 2 HR AT A — M
B R rT UG Y, XA RS — DI SO E . S54RI iValue J 03 m] LA
b s AT 45 S0 i B A T BB A
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Bl 11. SRAFIRFHEE / FERAF RAE S H 44

Bl 11 541 10 K01 RS BIHESS 5 BB IIESS L SE A #ie 1, BISEBASIAE
G SRR T 5 AIMESS DL SE Do I HAB I BN A T R AT 55 18] 4% 328 45 g A4 K
CEPTE RVTRNIDR S SIth V6

FEFPIE B 37 Jeon T4 11 P2 B a5 i ke o

7> EXBIMER R G KA. >/
typedef struct
{

unsigned char ucValue;
unsigned char ucSource;

O &

/* AN xData kR AR, Gl S L. </ Q

static const xData xStructsToSend[ 2 ] = O
{ 2
{ 100, mainSENDER_1 }, /* Used by, @
*

{ 200, mainSENDER_2 } /* Used deIQ)

¥ Q

BT 37 %)‘(Mﬁﬂ&ﬁ&)&#ﬁ%%%ﬂﬁﬁﬁ’l‘&iﬁﬁﬁwﬁﬁﬁ )
A
7EB 10 DAL SRR SE S, I LUBABUAR 2T B L 8 6 e
SRy — PR S SN2 S BB, ST 57 0 S A ST 45, JEIS A
H@i&ﬁ%fnﬁt@’% SRS 4 BT BB iR e, LA RS TE S R 1

L J

FERE TR . B A HIERAFIE S5 BB 3L — Al oo, S SIESS
AU SRR 1L AR S5, SERINIEEE AL B O 5N, a8 5 AP ZE S LASEAFBA
L ELIEE R @

REFFIE B 38 2 5 ASIMESS IS BRI . SRAIIESSFRE T 100 280 K] FH ZE 8 I It
], DUSEAE A B30 I e N BHLIE AR LAAE R BAA S [0l 4T 2. REABHIERS S, — HBAF A5 )4y
Mo BOESERE T 100 BRI ER, HARRERBLZE . fEAGI, KA
SHIL 100 ZAVEN DL, P BASIAE 55 A5 AN A BA B 5z HE Hictie M i i H A
F A 2 1)
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static void vSenderTask( void *pvParameters )

{
portBASE_TYPE xStatus;

const portTickType xTicksToWait = 100 / portTICK_RATE_MS;

/* As per most tasks, this task is implemented within an infinite loop. */
for( ;5 )
{
/* Send to the queue.
A SHOEE R R A R L. XA IR MES NS H PR N, TRl A
pvParameters.

B A BHUEML IR ] — 4B, ER%Amgtf%
1 DAL 2 55 A 45 (008 56 0 i TS24 25 AR 2 2% « %um TV S VNN
BLBEAS, BEIEBASIT S A 2T, 4 MM%?@?}#

xStatus = xQueueSendToBack( xQueue %&fleSTOWalt );
if( xStatus !'= pdPASS ) @

{
VRGNS SRR
XIRAEAE R, B R%%&é@mﬁ b,&MﬂE FRIPAT, AL s, 5
HAI] >/ % x
VPrintString( "Cou t SQ o the queue.\r\n" );
} Q&
/*ﬁE%EMﬂE%%§i /

taskYIELDQ); \
}
} v&

RFER 38 Bl 11 HERAFIES KBS,

BA?U%IH I d AN ] o i o I I

BEASIME S AL amA%, BT URATAEPTAT S5 B S I N FLIE S IR A LA
BIPAT o 105 BASIAL S5 LS AE RSN A S REANFHZERS, Pt DA BA ST 5515 BT I BA
FIEH o PRI BABIAE 55 HUE AN e A, AN a0 i 5 s I I 1)

BERABIESS I SE B 2 WARFPFIRR 39.
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static void vReceiverTask( void *pvParameters )

{

77 TR SR ARAR B DLORAE A S v szt R8s oot >/

xData xReceivedStructure;

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

{

FreeRTOS
Designed

77 AT S5 I SE GamAR, BT LASE W] BEAE S BAAIAT-25 BHZE RS BIHRAT o 105 AT S5 RS TERAAIN S
WIS A e NBLZERS, BT LB AT 55 AT I BA B 15 5 Uit o JIT LABAA oh 258t S e (i A 5087 24 55 T BA )
REE — RGP ASIRE N3 >/

if( uxQueueMessagesWaiting( xQueue ) 1= 3 )

{
VPrintString( "Queue should have been \n" \\
3
/* Receive from the queue. @ %j’
B A SHORAT BRI A7 ) . Al i p 18 2 (1] K/ AR S ) L
%:Aéﬁ%m%ﬁﬁﬁWL—$W$%€f§;ﬁ ﬁ&M%EK\\EMWﬁNﬁ%%ﬁ%ﬁ,

WO A2 R BN 25T B IE >/ &

xStatus = xQueueReceive
if( xStatus == deASS

e, |vedStructure 0);

K

{ (2;,
/% ;ﬁmw&@ iR, */
|f( XReceive ruc JucSource == mainSENDER_1 )
vPrlntSt{\ ndNumber( ""From Sender 1 ="', xReceivedStructure._ucValue );
else \Q
vPrlntStrlngAndNumber( "From Sender 2 ="', xReceivedStructure.ucValue);
}
}
else
{
/% BA B A . X R R T #R, UGS R SCAEBA T IN A 4545 BT */
VPrintString( "Could not receive from the queue._\r\n" );
}
FFERE 39 fl 11 P EERAFUE S ) L BARHS.
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T % main()5 BB LR UE THUMO s, B B SIECR] B PR A7 =

xData R o0, IF HAZH T 5 NSIESS 5 BB IR S5 AL S . A6 main()
PRACEIUIL S IR PR B 40,

int main( void )

{

7> G TR A7 i 2 3 xData s Ul 6. >/

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

iT( xQueue != NULL )

{
7> NERIUTSAIE2A 6], The
R NOSHH TS R IE B P s . BRI ILh— MES B — B A
xStructsToSend[0], ifij % —ANMIAEBAS ﬁE)\XSt@'oSe@ XA S5 I 56 A

6 X

&

wh2, @AM S I sedk >/
xTaskCreate( vSenderTask, "Senderl”, 10 %’ ToSend[ 0 ] ), 2, NULL );
xTaskCreate( vSenderTask, "Sender2"<g), @ tsToSend[ 1] ), 2, NULL );

N

7> BIEEAFITS %

IS g% L, KT 5 A T@E/‘ Q*N

XxTaskCreate( vReceiverTQ/;&ece{%é 1000, NULL, 1, NULL );

/> JRERIERR, @U%H’ME AT %
vTaskStartScheddle ;

}

else

{ A\
/* '@U@IQ\?U%')& ¢
} N

/% WR—YIER, mainQREANZSHATEIX T H0 BPATEIX P, AR AT A8 N AR HE S A L S 85045 R
45 IC B . 5 s it o 2 ¢ T N BT I {5 B >/
for( ;5 ):

FEFEEE 40 Hl 11 B9 main () R HB LA

A 10 AL, 5 BRIE S5 AERE A A H 88 =S A TR 55 D)0, BT DL Rdle 2> ¢

RS ARSI, B 24 s 7] 11 AT AT 14 4R
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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 fEIHSR

B 25 Kb 15E 95 NTHE S Se 2 m T3 BAAME S A, AT 55 P AT T .
X 25 I VEN R RETE S ISR 12,

Receiver -y \jmm e e

SenderZé

|-

Sender1§

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

b/

B 25 i 11 MBATHRE
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i Z

tl
t2
t3

t4
t5

t6

t7

t8

t9

FreeRTOS
Designed

11 ¥ 25 (E R
Eitipa

SIS 1 AFAT, IEEEBAS R %R
BIATIES 1 BRSNS FIES 2. SEATIES 2 A th R B
BIFIES 2 LIRS IFIES 1. SNBSS 1 Ul SRS AR, S35
A B35

SESME S 1 VIS IS4 2,

SIS 2 WSS ARR . L TSI T, BTOL S SIS 2 5
Am%§u%ﬁmm§mﬁﬁoﬁﬁ%ng4%1ﬁ@§@&ﬁo
HEFIUES 1 BB S A K. ML S BASITS 1 1
%A@%§u%ﬁmm§@ﬁmo%w§§%4 O TRLSEAS, A
T B G AR S 10 DA B 45 5
HEBAFIAL 2 MBA SIS {%ggﬁ TSRS . — LA
R OIS 2 SIEILES R LRSI AL, BrLLie
FEIIUTS . ST x@%uﬂhgwm, 75 3R e A 5145
tmwmﬁwm%§§% Al . 5 A R 2% 5 B 5 1) taskYIELD().
(B BSILL 1 1 ﬁggil,%MEMWE%Zﬁiwwﬁﬁf,%ﬁﬁ
17+ \\
EM%E%Q§@EMN¢EAﬁﬁo@mma%,%u%mm&%z%Am
e B4 T R I A TBLSEAS, 7 LA A ST 454 LLBT
FEBAFIAT 25 MBS CRCHE , FFH0 3 O BR R T MBA S As t. — ELBA B¢
WA, SIAIAES 1 STERERELIE, i FLE N S e g, AR
WIS . SEFUES 1 ARSI S SR, BOe MR BA ST 45
IRt 2 0, AP BATE—VRAB  5 AAI R % 5Hcdi J 8 1 taskYIELD(),
(BEBAIE S 2 WIEATELIERS, F7OAS INSUAES 1 IER SIS 2, 4haeit
1Fe BIIHES LRBEI TS K. EAFIEN, Frl SIS 1 5
ABELERS

PG BAIIAE S5 — IR A AL TRHZERS, BT A BRI 5515 LA T
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2.4 TAEFREESEHTT

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

1. SREHE R 1 A7 23 18] P A7 B 25 W

ST AR N AE I, BOZMRAS_ELRAE P AN AT R R ANME S5 R I

BUatE AR R, B0 UL EAT A 5 A E‘Wﬁ%%&ﬁ@zﬁi—ﬁ?f

o JRUU) L, e A RS AL B BA AN WISV A IRAEST VT 7 5

S NAHRET MBS sk th 2 e ,@@ S5 Vi

2. HEEHRII 12 IEUJAVfﬁﬁ O <

o L 45 T P @% AT — M5 S AT I A
. 4B £ {@%zﬁ ﬂrﬁﬁﬁﬁ—/\%ﬁwmﬁﬁ 1.

JE)J%ﬁHTE%ﬁ)‘?I‘EﬂE%K Wik TIPS S Y 3 9 U1 26 oo G 3 B k- €y S
AR N
&
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3.1 M

FpF
NGRS R I R GEERE P L I A R R AT, LUK A
WEEE] T N ER (), TEEEE] TCPAP MUkl HEAT AL (R ). T4 2% 10 R 4
TR BIAE 1 RSk A S, T Tt A I O N 6 5 AR R (R
LESAIGEL R, HO T ZEAR L BT, LA 30 St oAk B £ S B 546K
L SRR B 2 0 R P e, (RS AT LU A A
2. AHAaRHERA hWT . PRSI (SR) T %ﬁ%\g B ISR ML
SEHLR? WHEL T, ISR m—a@z@@zﬁ QQ’
3. SOEUATIE A E] AR 0% FR R ISR %}@ 4 %%F%‘)ﬁﬁ%? X B AR B Lyl
{5 SR8 A B i M I 5205 b 2 c,) &
FreeRTOS Jf i il A b4 @: ‘ bR, (ERSRAE T e
&ﬁm%ﬁﬁa@%uﬂmuﬁﬁi@ﬁi; AR 8, i LA AT 4
DA B ) 2 F{ﬁu”@ls (BRFROM_ISR™ 45K API bR A A 0] LA
1 5 e <<

o WFLE FreeR AP b B n] LA H Wi 5549 R HH A
o SEIR WSt AT LI o

o QT AIHEAME ) —EAE T B DU E S5

o AR TRV T E XA

o QUi AR FH BAAAE Hh W i 25 1 R b B Al A% A A%

o 48 FreeRTOS R A8 K HI (1A H Wik A2

z&%ﬁﬂ%ﬁafﬁwﬂm%ﬁi %&T%‘%:
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3.2 ZEIRH Wr4bFE

XA _EFSERE

TABAS TR A DU RSN IR T W R AR LA S5 AR BRBAZE , AR TS S
)20 o AR AT BLAE o W iR A B K TAEAE R AT S5 b og i, BTk %5 B A (ISR)
H HE P AL DA AR ik, AL RT DL B R (deferred)” B — N b B
(handler)"{:5% .

TR A T By AL BEESR R R S, HAEIR AL BT S5 (D0 Se vy LA Ry By, BALRIIE
IEIBAL AT S5 BEIN AR T R IV EAESS . X, 5@@&%&7’3%%&% ISR
B EE NPT IESS, e RS ISR@, : AL BEHRAE ISR
e, XM EAER] 26 TR, (\ n(b’

“Bécause he handler
the highest

the ISR returns
toit, leaving Task1
inthe Ready state for now.

2 - The ISR executes. The
ISR implementation uses

semaphore to unbloc
‘Handler Task’. o

N

!-* 4 - The Handler Task

\\ =y blocks on the semaphore
. / )
‘Handler’ o to wait for the next event,
\Q‘ Task "t allowing the lower priority
Task1 to run once again.
Task1 _) —
TH b6 u

1 - Task1 is Running when an
interrupt occurs.

Bl 26 SREHTHIRAMES, (RIRIERIS—MES
FEFR AL BHAT 55 06— MF 5 m AT B ZE M T () take™ I H , B EIE NP ZES LLAE
Frgfh A PR, ISR W Al—/ME 5 BT give 8 AE, (43 B AL BIAT 55
fRBRBHZE, AT A 1F LB IR Ab AT 25 Hh 45 S AH B (1 Ab 2E
“SRIN(Taking, 7iyiE, 44305 IRk B4 3R " F17 45 H (Giving) "5 5 5 W& EoF,
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FEAFNN S EAAFERE S LG S REAES, JIESEERT D P()
B, gy AR S REAER T A VOB

PEETE: P E A %iE Parsseren, RIHE K Pass; V ¥ H % Verhoog, R
1] Increment. P(S)/V(S)#fE 215 5 =W IRTFEIE, S N5 = Semaphore, #H
AT, ATUAGER B, — RS, WA EM N5 & 15E . P(S)IV(S)
RTFHBAEAUTATN:
P(S): IF (S <=0)THEN ¥ALEMA S F5ERF AT

S=S-1

V(S): S=S+1 Q ’\'\
IF (S >0) THEN MGFRIASRfpERE A\ ‘QQ)

TEXF W R I T R, %%%ﬁfﬂ%@%ﬁ@f% 1 [IBAF o 3% ANBAF T
%

w2 AR ANl o0, Pl A @%(ﬁﬁ%”:@”)o IEIRHE BEATE 55 1 H
Al BAA, Qi R BA A DA 2 A A 55 U 2E N

xSemaphoreTake()i, 53T fr 8
PHEERS . [ ES, ISI@ i 'l xSemaphoreGiveFromISR()Ji & — 44
(155 B B, 1@ 1 ok W& WAL IRAPAT S DIHIHES, I8
B, ATAHIAZ 5 R & S5 S AL B S , FRHREEHRASY, RIBA A4S, X
BEANPHZERS, S5AF 4 A KA. AR R 27 TR L

e 27 Fﬁ%,é’a‘ﬂjﬁ%ﬁ, P2 R 5B B UAHERI A4 1A
FAEARIUE 5 e AR . Xl A BRSO 35 BT X gt
Wt KA AR, DR AL e A5 S5 = A & KAMFE AL EE T,
11553k 43(Take) T M5 525, A4 (Give) [ R—an 7] 55 PU T H 38 —FF
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vSemaphoreCreateBinary() APl B
FreeRTOS " &-FifE 5 S A A7 fif 7 xSemaphoreHandle Z5 AR .
A s 2, Al EE. G# EHE T E AN
vSemaphoreCreateBinary()AP! % 2

void vSemaphoreCreateBinary( xSemaphoreHandle xSemaphore );

FEFFiE# 41 vSemaphoreCreateBinary() APl Ei¥g

# 41 vSemaphoreCreateBinary() =%

xSemaphore SIS 5 Q
VA2 vSema @e‘\@ary()ﬁ*fjﬂim~/\f Jit LA

i HACR Y éi it o A AL A bR O K7

5eT T2 .&Q,
<<‘ Q

AV
&

2 {5 EE APl SERR LR AL ST, TIASE SRR, AT e B 35 e 1 b7 0 1 2 b L R 5
FARR
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Task

I xSemaphoreTake()

The semaphore is not

available...
.50 the task is blocked
waiting for the semaphore

nterrupt!
xSemaphoreGiveFromISR()

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

Task

@]

xSemaphoreTake()

<)
N

nterrupt!
xSemaphoreGiveFromISR()

ask

xSemaphoreTake()

...which unblocks the task

.&Q) ¢ (the semaphore is now
Q available)...
AR\
N
\\ ask
xSemaphoreTake()

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

ask

—

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

B 27 EA—AZERSELIESSTHFEY
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xSemaphoreTake() APl BR#

“ii 2E (Taking)”— /M 5 & = 4 "R B (Obtain) "2 % 1 (Receive) 5 5 & . H A 41
SR IR A ] DL IR E . RS HE S B AR Y, xSemaphoreTake()%5 [Tk P()
#HAE.

i 5715 B (Recursive Semaphore, E& NG5 8, 200 % U058 |

AR m)Ah, P R A5 5 AR AT LU H 6 £ xSemaphoreTake ()oK 3Rk HX .

{H xSemaphoreTake() A~ Ge £ H W7 Mk 554512 H i FH

portBASE_TYPE xSemaphoreTake( xSemaphoreHandle xSemaphore, portTickType xTicksToWait );

FEFFTE M 42 xSemaphoreTake() API %%&JEEL_
%13 xSemaphoreTake(@&@g

BY4 CO X@@
xSemaphore IRE AT £ E’J% Q)&

75% SmaphoreHandle KM RG I H. 558 AL

/)\

xTicksToWait B2 \H‘l PS5 N BHZE RS LAAEATE 5 A R0 B N 1]

)‘@lecksToWait 73 0, N xSemaphoreTake()7EfE 5w LA &

\%Eﬂﬂilﬁ]o

BE S5 B 1) 2 AR e Co 6 ) S04 SRAE 19, T DAZGE G B[R] B e T R 0
A% . H B portTICK_RATE_MS 1] DL FH kA0 Bk I 7] 87 2
hZEFD I R] A

i A xTicksToWait ¥ & & portMAX_DELAY , Jf H 1&
FreeRTOSConig.h #1#% & INCLUDE_vTaskSuspend 4 1, J54FH
SR AT R IS PR
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IR [FHE A AT RER IR [FMA:
1. pdPASS
A — Al 21k 0] pdPASS, ABEE I3k E 5 &

RV E T FHLZE B IS I 1A] (x Ticks ToWait 3 0), £ R H0R [ 2 Jij AR5
Pl e A% 2| FH 2 A DL AR 5 A A0 WA Em 2R A5 5 EA
HAR IRl RE R DIEREL, IR [Pl pdPASS.

2. pdFALSE
R AR A 5 C Qa}\
BB T PSR B ] <x® NP O), 7R HOEI 2 BT

%4%%&%@@@%& ) e B L
AL ﬁﬁ%ﬁ@ E’; 11l pdFALSE.
& Q}

.&Q)
‘2)
xSemaphoreleeFronq&(P
B % {5 5 B A S SCHF e A M AE T = AR ) DUIE i

g
xSemaphoreleeFromIS

xSemaphoreG @mISROE xSemaphoreGive() IFFRTE A, LT TH T ks
BIFE .,

portBASE_TYPE xSemaphoreGiveFromlSR( xSemaphoreHandle xSemaphore,
portBASE_TYPE *pxHigherPriorityTaskWoken );

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

W4

xSemaphore

pxHigherPriorityTaskWoken

d&n

iR AL

FreeRTOS
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NS E

|

558 b xSemaphoreHandle 257 (A8 851 .
{55 AT AT AUE B

MREAME GRS, /TR A b —AMES A T ZESTE
SR HAR. H xSemaphoreGiveFromISR() 2 il
TN, ﬁfu@ﬁ*%\x%%ﬁ%wﬂﬂﬂ%
Ao WHEIHM xSemaphor romISR()fii 3 —AMT:
S5 MR BRBHZE , ¥ DG T A BT 45 (et
e o T @Q;emaphoreGiveFromISR()/g
1E E @J E@\prigherPriorityTaskWoken N
Q@g@

XSemaphoreGiveFromISR() ¥ M i % X
RUE, JU7E A KR B AR 8T — R B Sch)e.
XHE A e ORAIE TP W B IR [P 2t 4 AT 55 L i
TS

A WA AT RE IR B

1. pdPASS
xSemaphoreGiveFromISR() I F ik 3 .
2. pdFAIL

WRESELOLEAN, kg, WIR[FA] pdFAIL.
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Bl 12. FIAZ(EF S EXHEL P WHEAT RS

AAGIALE PR 55 R P A ] — AN A S 5 BT 45 B ZE S vh )45 H SR —— I3k
R T UATS 5S P EAT RS

— AT R AT 55 0 T8k 500 ZFbr= Ak — AN RpE . 2 BT LUR o
Wi, ZPRCYEREUR) DOS M, MRMEHFE— D EIER IRQ Tk MHZ T, MK
PR W13 2 . FEFIH AL 44 &AM 45 1 Se ARG . Sl W2, BhdT
S A7 HE T R S5 B2 FT BV H — AN A R o SRR T AR SR 2 I A T 4 R B
WG HAEA R A T IR

static void vPeriodicTask( void *pvParameters )

{
for( ;; ) <<:> Xls
{ &
/* WA A5 0 022 R0 7 A AN R TR 1‘5—1}1 Q
vTaskDelay( 500 / portTICK RATE MS
/x PR, IR AR RN S A, @& HAE L PATHRE */
vPrintString( "Periodic task enerate an interrupt.\r\n" );
__asm{ int 0x82 } /* X4if @ @
vPrintString( "Periodic & %t generated.\r\n\r\n\r\n" );
) @ <<
¥ .

ﬂrf{%@m P A o P 55 SE IR
FEFPIR B 45 JRILM E55 R AAR SO — AT S5 A (5 S it 5

WP b T HEAT 45 EA AR FR T Rt — M 8, SRR H 1 D RE
ﬂUE&?%%ﬁ%é%%*EM%E&E%E*%%&ﬁﬁﬁo

static void vHa sk( void *pvParameters )

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

/* ERESRER—AF . A5 RAMESREZHT, WHILESPIT Z it S A . 55
I EHZE, BT Lt e B A B R AR RS 5 2 e A iR Al AR B 0 ZR R [P * /

xSemaphoreTake ( xBinarySemaphore, portMAX DELAY );

/* FEFFIBATENZELN, FAFBIR LR A ABII B R AT BN i — MR +/

vPrintString( "Handler task - Processing event.\r\n" );

TEFPIEE 45 fl 12 P EIRAEAT 45 I SEERAR IS (LA S5 5 P T 1 25)
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FEIIE IR 46 JRBLMZ Wi RS BIRE, XA R EIER AR BT . 1K BRI 1
FHIGIEE D, MOORAH—ME SR, DAEREIR A AT 5 AR BRI 5 o i R0 B e fif
F 244 pxHigherPriorityTaskWoken [, X MNZHHE I H xSemaphoreGiveFromISR()
A4 BB pdFALSE, W1 RAE T I 58 US4 o pdTRUE,  UREFEEREAT — IR R SCy)
e

A BT R S5 B RE (R, DA R S i F 9 %2, #0255 Open Watcom
DOS V&M, SHEFENBHEARSAIANR. X TLbEHIT&, ES%
XA IR demo N HIZRG,  LHEIE A TR 2K

{

static portBASE TYPE xHigherPriorityTaskWoken; Q

<>O‘°

/* 'Give' the semaphore to unblock t a5k

xSemaphoreGiveFromISR ( xBlnar@ erPrlorJ.tyTaskWoken )

if ( xHigherPriori tyTaskWok

static void _ interrupt _ far vExampleInterruptHandlfi( void )\\

xHigherPriorityTaskWoken = pdFALSE;

{
/* A SR ETA x& ' RGN R BELZE o T SR L BELZE IR 5 (AL 56 e T TR S5 (KA o8
P - SRGEAT KL LA W B PR [ 28t FHIE AR 5% (DL ZCE ) .
VLR ESFrfd @1\ iR SO oM T AR A ﬁtiiﬂmU@%%T‘Open Watcom DOS
BRIE . T Gl KR AT A AR AR . X TSR T-&, S WO B B A
BIFE, ud\&& uzﬁllﬁ%
portSWI‘I&ONTEXT ()

}

TEFPTEE 46 M5 12 FPERAA TR R T AR 507

main() p& BUR i 51, QU AR 5B MRS, AP IR B, AR5 R B gs .
HAASCIL S WREFFIR B 47,
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int main( void )

{

/* 5T BT AU B . AP eI T A T EE TR */

vSemaphoreCreateBinary( xBinarySemaphore ) ;

/* BATWRSS IR */

_dos_setvect( 0x82, vExampleInterruptHandler );

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

{
/* OV IEIR AT S o AT 5 RD . ZEIRACPIAT S5 AE QIR I T AN At e 2, BAGAIE
HTR S ST AT . TR, O AEIR AR BRAT ST L3 */
xTaskCreate( vHandlerTask, "Handler", 1000, NULL, 3, N'UK);

Ei&%o S
LA, B2 TS/ Cn

xTaskCreate( vPeriodicTask, "Perio@ O’ , 1, NULL );

/* Start the scheduler so the %d @start executing. */
vTaskStartScheduler () ; « Q)

/* WR—VNER, main()&'/@‘ :
IRATREAE T RGN A AN A% p

IR E 2% D TR TS5 . (HIn R PIsAT3 T,
for( ;; )
o%ﬁ#ﬁ 47 5l 12 ) main() R EEEIALE

fHmaS It 2 FNAEHEE */
\,Q'

B 12 1% S 2R 2 DL 28 MUIEE KA, SEIR AL FRAT 551 b W 26 Ja ST BT

/% B AMES T I A R T th&%ﬁ‘]f):‘ié&@,
1

>

It LLSEIR AR BEATE 55 (10 H A5 EORs FUME S5 (P 4 A5 00T B 29 XA Tt e 4 Hh
TRE PR
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C\WINDOWS\system32 \cmd.exe - rtosdemao

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

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

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

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

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

B 28 i 12 RAEHATHIH G5 R

3 - The interrupt ‘gives' the $emaghbre, cabsing the Handler task to

2- The Periodic task prints fts first unblock. The jnterrupt serticesigufine then returns directly to the Handler
message then forces an interrupt. The task becaugé the Mandler tésk is the highest priority Ready state task.
interrupt service routine executes The hanger task prifts@ut tsmessage before returning to the Blocked
immediately. state_{o waiffor tfe_fext interrupt.

Interrupt

Handleg

Repadic

ldley ¥ —

./.

)

-

._ N
t1 t2 . Time M\

1 - The Idle task is rupningmast of the

time. Everly 5.00m3 its,Jels pre-empted 4 - The Periodic task is once again the highest priority task - it prints

by the Periodic tash, 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 #l 12 FRBHPITRE
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33 HHfEEE

B 12 WOR T — A AHAE SR TS AR Wrg AT [m 20 . BEAS AT IR AR AT DA

A

1. Hr A

2. "PWIIRSGIREE B, 4y S S 5 LUl RE IR AL BRAT 55 R FHL 28

3. GRS BRI I, SEIRALBEAE G513 RIAT o SEIR AL PRAE S5 5 —fF S 2
RIUE S

4. JEIBRCPRAE S5 58 o Wr S AE b P iﬁﬁﬁﬁﬂx@%—@\%ﬁtﬁﬁ%é%ﬂ
RS UIN B A SR AT R Q

A5 BT LURE T A0 PR A3 i A ) ﬁ/ﬁﬂ% VAR T e 1 . A R A
FEIR KL FRAT 55 58 b — A rh W i 11 FIT R ORAE T, SR
FAAAAE A T =, i éﬁ{@%’&ﬁmie’l‘%ﬁﬁzﬁ, SERE AT EL Ak
SR A WAL LLQ)% YA 1], R AT HE A SRR OB 22
KoM fE S aifef— {% 1 xSempaphoreTake () I, 15 ‘5 &I 4K
PP R AE B 30 kA y

FEE 30 HRTLLEES N S SR s A LB . Bl
PEIERAAL L 2 iy &ﬁ*ﬁ%fﬁii W Jase kB g R = R Wk
ﬁﬁfriﬁz*miﬁﬁﬁ HTER, A, IXRPE W R AT LA

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

THEUE SRR A 1 (Given), JLBAFI R ) — SSRGS . BRI
B T O A7 BT (Count) i
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ask

|:| xSemaphoreTake()

The semaphore is not

available...
...s0 the task is blocked
waiting for the semaphore
Task
Interrupt
xSemaphoreGiveFromISR() m xSemaphoreTake()

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

Interrupt
xSemaphoreGiveFromISR()

(@] A

%Q ,@mm unblocks the task
(the semaphore is now

Q\ available)

xSemaphoreTake()

...that now successfully

‘takes’ the semaphore, so it
\ is unavailable once more.

ask

creGiveFromlSRﬁ ‘J,] 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.

FreeRTOS

B 30 —AMERFRSERS RRME— I TEEYt
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FreeRTOS

[The semaphare count is 0
‘ | | | | | xSemaphoreTake()

The task is blocked waiting
for a semaphore

ask

Mtermupt [The semaphare count is 1]
xSemaphoreGiveFromiSRO—t | [ | | -Zl xSemaphoreTake()

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

Interrupt [The semaphare couphis 1]
xSemaphoreGiveFromiSROX[ [ | J@N

L
%3 & .which unblocks the task
(the semaphore is now
y, ’\Q\ available)

N P V.4
S Q)V
Qﬁ &hore countis 0 ask
Q) L] xSemaphoreTake()

<<'\Q’ ¥ 9
...that now successfully

‘takes' the semaphore, so it
\ is unavailable once more.

ask

e
Another two interrupts occurs while the task — :
is still processing the first event. The ISR The task is still processing
‘gives’ the semaphore each time, effectively the first event,
latching both events so neither event is lost.

[The semaphore count is 1§ ask

H—”—H —ﬂ &xSemaphoreTake()
>®

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 “IHH(Count)”
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VR AT BRI R R

L Ffis
FERXBIE A, BRRCFAF AR AN, h WIS BIRE A 2 45 i (Give) 5 S ——fF %5
EAERF g 1IN TN 1o IR AL BT S5 AL B — AT 5 "3k X (Take)™— Ik
i R SR RN H AU 1. A5 S R EE ot 2 C o A F T
M H 5 AL B AR B H 2 18 ZE . IXFRPLEI A L2 5 31
TS BT BS S, e B N Ha - BUE gt ante s 0.

2. HWYRE \
EXP LA, G5 BT EUEH ?%%%T /\E%Ezﬁxfﬁﬁﬂﬁ

FEHIRL B AUSRA o E— S 6@%2&@@2@ 0, MIZIRBE
A7) B éﬂ?ﬁ%ﬂﬁﬁ’ﬁﬁmﬁi]ﬁ/ﬂ: NG5 B —— 5 5 B A T

L,

M TR E G S5, 5 @,%ﬁ @%’W%ﬂﬁ“%ﬁTﬁH’ﬁﬁéé& o VU E A
Tﬁﬁﬁﬁ%%ﬂé%ﬁﬁiﬁ%o&% Q
xSemaphoreCreateCoung() AP| K #

FreeRTOS KINME 5 = ARES HH A W]k xSemaphoreHandle 82 (147 &
fitr. A\

&5 B A R T A2 SE B . 4 1] xSemaphoreCreateCounting() AP1 p& 5k 61
A T

xSemaphoreHandle xSemaphoreCreateCounting( unsigned portBASE TYPE uxMaxCount,

unsigned portBASE TYPE uxInitialCount ) ;

FEFFER 48 xSemaphoreCreateCounting() API R A
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% 15 xSemaphoreCreateCounting() 2%k 5 i [F11E
ZH 4 i
uxMaxCount BRI . R EVHEUE S =R T-BAAI S, uxMaxCount {H
A BB 1R B KR P

AU S B S FE A B FAF TS, uxMaxCount #t At 1]
B A F IR B REH

UL SR A B U5 R BT E B 1E . uxMaxCount Y
VA PTAT A BRI S

uxinitialCount 2 R R R Q C:)

AfE S B THA

ﬁa‘_i’n%%'%%ﬂzﬁd}%@ :
5 B @’X v S
0,

uxMaxi

R [E{E LUE S EYE] {8, RopHE EAFEAL, BTLL FreeRTOS JGik

ol > 25
&iﬂéﬁﬁﬂ’]{m .

\ané'ﬁifilﬁlilk NULL {8, WERIRME SR EIE . P R AR
KA XA S B A

P 1%, uxInitialCount |V 4 & T
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B 13. R S BIAES A WrdtAT 7P

% 13 HVHEUE 5 84S A 5] 12 SEBLET 1 oot . B2k main() ki £k
1 H xSemaphoreCreateCounting(), LAE# %} xSemaphoreCreateBinary() 1A H . #
(K1 AP FH WIRE A4S 5 49 P

/* AR S R Z AL AU aE . A Al 7SS SR WE SRS 10, WIHTHEUE 0 */

xCountingSemaphore = xSemaphoreCreateCounting( 10, 0 );

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

TR A E LR R A, BT R I R4 R % TGl [ERY G
(Give) {5 5 . WA ERBIAE B 2 B S @' i 45 51 B R PR

# 50 [ 5. Q c,~>
static void _ interrupt _ far vExampleIn%;t&.er( void )

{
static portBASE TYPE xHigherPrior&ls Wo@
xHigherPriorityTaskWoken = SE &
/* ZW S %4/%%3& MUAT SRR BT o e ) I R 1 5 B A T
AT A8 38 Ak FE A 4417 0 W ARG BT AN o AR5 SORBEIAL LGS > A 2 A i, A
LA PR A B R
xSemaphoreleeFromIS CountingSemaphore, &xHigherPriorityTaskWoken ) ;
xSemaphoreGiveFro R(‘ CountingSemaphore, &xHigherPriorityTaskWoken ) ;
xSemaphorelee@ ( xCountingSemaphore, &xHigherPriorityTaskWoken ) ;
if( xH1gherPr1 rityTaskWoken == pdTRUE )
{
/* GG SR LA SRR S R AT 5 bR B2 o Tt SR A HH BHL 26 AT 25 (R AR e e T M mi AT 45 (i A
G — IRBIHEAT - UAESS U, DA OR P Ik R [ BUAR B S IO 55 (LI B ) -
VLA fESCBrfd b, TR RG] LN SOOI 1) U T EAREE R . AR TR K& L T Open Wat com DOS
BRI . HE & T IR ] BT AN FIEEZEK . W TS2br K- & i8S e N E A 1R
IR, PLYOE IER I TR E IR
*/
pPOrtSWITCH CONTEXT () ;
}
}
TEFFEE 50 5l 13 W T AR 45 IR SEBLARAYS
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He R s ) 12 ARy, RFFAAR .

B 32 Jigs 76 13 Mt 4R . BT UG 2], SRR LR, SEIRARBAE
G5 AP T A W 2R RSP A P = A SRR DL R ] ISR A B S R 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
« task
sk

Processing event.
Processing event.
— Interrupt generated.

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

=32 M43 B 4552
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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=
RAS, BT TR S5 B

Ao E M T EAREE . MBI LU TSR, 6 mT DURI R AR A .

xQueueSendToFrontFromISR()5 xQueueSendToBackFromISR() API p&i%k
xQueueSendFromISR()7¢ 4% [A] T xQueueSen@ackFrQ(SR()o

pPOortBASE TYPE xQueueSendToFront FromISR ( xQueuek’ x%
@ pxHigherPriorityTaskWoken ) ;
TBFER 51 xQueue Q\ R() APl E¥RAY

POrtBASE TYPE xQueueSendToBackF ndle xQueue,
vatemToQueue
o ortBASE TYPE *pxHigherPriorityTaskWoken
)i Q&

EFEFR 52 ueSendToBackFromISR() APl E#js%!
%* 16 xQueueSendToFr(N omISR 5 xQueueSendToBackFromISR()Z#( 5 ik [Fl{H

%%i&zt’\\& ik
AN

xQueue HARBAB B A4 . XA EIZ I xQueueCreate()
G BAZ IS ()3 [EE .

pvitemToQueue FOLBAE AR FR PR 2 H ARSI i Hds
I,
ARG A SN B0 T BAS el a5, P A
o3 MAZFE B 1n] 1 22 1) 52 A0S A (1 040 21 A 21 11
A X3
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pxHigherPriorityTaskWoken X HEANAZIT 7, vl GEA A 1h—/MES Ak T-BHIE LSS
FEIHE A R . A xQueueSendToFrontFromISR()

% xQueueSendToBackFromISR()Aﬁ?%Mﬁﬂiﬂ)ﬁﬂf

NAERG Frblesib rp — AN ERHMES DI BLZE RS . Wk

PEHTEPIAS AP R AL AME S5 AR BRBILZE, JF HLIXA

TS5 IILSE D i T AR 55 (Bl 2 Bh Wi AR 55), A

2 AP 27E RN K *pxHigherPriority TaskWoken 1%

4 pdTRUE.

WX P AP B K HEBL#@TRUE JUJFE

R R 24 AT 0\ Q; A B ARIE T 2
E?Uﬁ')ﬁ%j‘@ﬁ EI’JE%EP

R PE ﬁﬁﬁ"é‘%

: S(ASS R oL, MRt Bl th 5k

\ . errQUEUE_FULL

,&‘ f1 5L 1 T A B EL I T T O SR S A, U 3R [
errQUEUE_FULL.

A RUEF BAF

FreeRTOS [ KZ % demo W AR h#f & — MR Hf) UART 2Kz0, JLiEd A
HURE AL 3 B) A IR W R, ABAE FH BA SR 55 B b i R o A s HE R o A% B
B R HOE L AS Bl A 3 . X4 UART 3Rl 1k Fh sz B 7 X B el 7 o
TS QTR T R AR BB o SR R BB AR 8 B A AR AR R AR
PSRRI T JS BT A A 7 O AN SR 7= ARG o SR A A R BUR T R 3
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AT R T 3

© KRB PR RS RIS IR MR S G R, BRI A e
Wi, IS 5 B AEREAME SRR IE, IXAMEST RN T4 S A AT b PE

o FEFPIR ST P R R R A, AR BA SRS A BT e e i A5 2 1 iy
AR AT S5 (5B 23 iR K 5 A o IXFEOARDUE F T2 it RE NS DL it iy
iy, IXAE R B Al AT A A nT LU P BT R 55 7 6 1o

B 14. 7 F BAFZE W Ak S5 b IR BRI R
A R AR [F — AN W i 45 A xQueueSendToBackFromISR() Fi
xQueueReceiveFromISR(). 1 /i—F¢, %ﬁﬁﬁﬁﬁ@ﬁ@@o
AN IS5 T4 200 aai"ﬂily&ﬂﬁl@ TABAEH SR 58 5

7t AR, IS5 S BLACR ﬁsx
static void vIntegerGenerator( void *pvP &

: O

portTickType xLastExecutionTime; &

unsigned portLONG ulValueToSend

<<&Q’

/* MlisAe, HT WA vT
xLastExecutionTime ékGet i ount () ;
for( ;: )

{
/* XA IS5 y\rﬂgl\ HENZ AT Z] . AR5 R 2002 M HAT Ik */
vTaskDelayU ti &xLastExecutionTime, 200 / portTICK RATE MS );
/* BB X IEEE R AL W IR SR et . PIRTIR S BIRE A NS, B
L)th&él 0 AJ%)')?HE’J%(@ZIJ@X?UIQ@Uo PRI AN 5 AR S B IR N I 1) %/
for( i = 0; i < 5; i++ )
{
xQueueSendToBack ( xIntegerQueue, &ulValueToSend, 0 );
ulValueToSend++;
}
/* AR, DR IR S5 BRI 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 S EAFIES LIS
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o T R 45491 75 2 45 3 ) xQueueReceiveFromISR(), B 345 5 W4T 45 5 2 A 51 (K %k
E#A L, DO BAA B . BN BI I BUA ISP AL H T — DN AR R B R 51
PRI BI 745 H R EKE L 15 ] xQueueSendFromISR() A% 8 5 —ANBA A .
T e 25 91 R 11 SEE IR S R i . 54

static void  interrupt  far vExampleInterruptHandler( void )

{

static portBASE TYPE xHigherPriorityTaskWoken;

static unsigned long ulReceivedNumber;

/* TR E W] Y static const, DMREENIASHEEM BITSRIGEAS M H, RMETSREATIEITEA A7
TR */

static const char *pcStrings[] =

¢ Q \\,
"String O0\r\n", %
"String 1\r\n", Q %,Q
"String 2\r\n",
"String 3\r\n" %Q&O

}i
xHigherPriorityTaskWoken = de& %

/e TEPT, HETIH% */ Q
while ( xQueueReceiveFr@'xIn e% Queue,

Q ceivedNumber,
igherPriorityTaskWoken ) != errQUEUE EMPTY )

{ N

/* éﬁ%%fﬂﬂ‘]%{%,.ﬁ&j PIRL (BUETE R0 213) L AR5 R R T BIR 74T B4R E SAZ 2 7 — AN BAFI */

ulReceivedNL@&: 0x03;

xQueueSend& romISR( xStringQueue,

Q &pcStrings[ ulReceivedNumber ],
&xHigherPriorityTaskWoken ) ;

}

/* WIS BRAE AR ERBHIE AR 55, JLAUEZOR A w1 iS5 2 Wi, BT AESS L R Scuie =/

if ( xHigherPriorityTaskWoken == pdTRUE )

{
/* Bl AESEBRE T, TSRASREE R SO R MO T R AR AL, EAL M T )2 T Oopen Watcom
DOSHAAIIZ . W& T AT REA AR RIEEZR . X T SEPRE T &, 1S mEo N B i
FIRBIRERS, DARGE IEETEEAIRT S . */
POrtSWITCH CONTEXT () ;

TEFFIEE 54 {5 14 [P TR S5 I R SEBRARAS
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T3 MESS R W R S5 BIRE A Y A 55 R it . A 55 7 A S I R FELE

FLRIBAA A SRR, TRRR R 545 B3 4T BVt o LS BARRS 25 IR i 3 55

static void vStringPrinter( void *pvParameters )

{

char *pcString;

int

for( ;; )

{

/* Block on the queue to wait for data to arrive. */

xQueueReceive ( xStringQueue, &pcString, portMAX DELAY );

/* Print out the string received. */
vPrintString( pcString );

}

BRES 55§l 14 B RFRERBBIES S, ﬁ%l&@@ @%ﬁsﬁ JEATENRI
AT —FE, main() i&ﬁd@ﬁ)\ﬂ%ﬂ@?ﬁgﬁf . WIEFIEHL 56,

main( void )

/% BABIAE R4 5E 02 . At rh & /\IZJ\@JFHTH%E 7 junsigned longlAsH, %
A NB T (547 2570 4y char * [ 25 R 100 S R FE 4 U [V LA B 5% BA ) e

Iy */
xIntegerQueue = xQu%:reat , sizeof( unsigned long ) );

xStringQueue = xQueueC e 0, sizeof( char * ) );

LRSS IR o

_dos_setvect ( ExampleInterruptHandler )

Uﬁfi%fﬁ%ﬂ)ﬂi&&b IR R IEHUE . BAESILSES L */

xTaskCreate( vIntegerGenerator, "IntGen", 1000, NULL, 1, NULL );
/* BUERATSS T AN R S5 BIRE FR A A5 s, JFITENdRT S o AR5 ARG 2 +/
xTaskCreate( vStringPrinter, "String", 1000, NULL, 2, NULL );

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

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

R T RENAA LM LA E LS. FHLEXRBEEZ R TWAEHERGER */

for( ;; );

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

\WINDOWS \system32\cmd.exe - rtosdemo

Interrupt generated.

About to generate an interrupt.

Interrupt generated.

About to generate an interrupt.

Interrupt generated.

B 33 4 14BN

3 - The interrupt service foufige both readspdm a queue and writes to a queue, writing a
string to one queue fdf elery integer geaeitad from another. Writing strings ta a queue
unblocks the StringPrinfer 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
N . the queue is empty it enters the Blocked state,
A\ allowing the lower priority IntegerGenerator task to

$ / run again.

2 - The IntegerGengratar Writes 5 valfe
to a queue, thenfgrces anvinterrupt

Interrupt
String P
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 MPATHE
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3.5 FlRE

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

configKkERNEL_INTERRUPT_PRIORITY WCE RGO B TR BT 56 2

w R R E P\NE AR =
configMA@A %}RRUPT_PRlORlTY, H

V%L )@Jﬁ 24l FreeRTOS AP

"ﬁgh@ﬁﬁﬁm%ﬁio
VR

configMAX_SYSCALL_INTERRUPT_PRIO é@ﬂéﬁﬁé}%&ﬁ FreeRTOS API 1] Lliz

é?~<?g%m%%$%m%ﬁo

.(2)

@jéﬁ\éﬁﬂﬁﬁlﬂ%ﬁ% TV E configMAX_SYSCALL_INTERRUPT_PRIRITY
beT_PmomTY S L SE 4 IR TR B AE [ 35 FR AT BT e .
35 Fﬁ%ﬁ‘]‘%%@%% configMAX_SYSCALL_INTERRUPT_PRIRITY % & & 3,
configk ERNEL_| PT_PRIORITY & &M 1. [AIR W AS @ X Fpg L3 T— A A B4
ANTR] T TGS A BRI 4 o X L B AL SE AR A K — P B E , IR N TAT:
] — iy 58 BRI A A o

TEAT AT P WL S P ) 5 7= A — iRV . 1] 35 From i i e e
IR A SRR AR R B a8 U o TR IT L SE GO I e 4, B IR 5 B R O $0A T
S HZ R AR IFARIBATAE TP WSS T, B BT AR 55 B A 56 2 S5 T rh s i)
PEAEAI 6 2 TR BATATAT C R

Jy . configkERNEL_INTER
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configMAX_SYSCALL_INTERRUPT_PRIORITY =3
configkERNEL_INTERRUPT_PRIORITY =1

Priority 7
Priority 6
Priority 5

sazeiie | | I

' b riori
A BTt % iy
R, H%E
W 35 FioR:

o KT 1 3 3§ W12 152 P AZ BXAL T i 5 DX 8 FH R e B ZE A T, H:
‘BT LA *%ﬁ@&i ] FreeRTOS API &%

ﬁi?*%ﬁﬁtﬁ@&)kﬁ@¢%ﬁ$§llﬁﬁ8%3ﬂﬁ, JIT A AN S5 A A AT AT AT A B
FE, A DLSZHIAG BT ——IX 2 H A o 2 A< 550 h 0 56 20 B E P Ysg 16
HWOWE OB OR W MR RE M o ome (v ML OHI) & K E T
configMAX_SYSCALL_INTERRUPT_PRIRITY [5G4, DAARIE T FE S AN 25 He A g
IS I [ 3 BB 5 o

o ANTFEH AL FreeRTOS API B850, nLL A Bt R AL e 4.
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% ARM Cortex M3 i P HI— m$En

Cortex M3 A RSB 5 HE R w28 LI m ik g h i, X BAA R AH
M, FrUMRE S S0 e WERARAES A TP W AR e 2, WL ] — A i e 2%
SHIE. THOAEGERENER S o eIt g s 8ll), PIVRH SR
AN fE RGP WA &R — — W R A Km T
configMAX_SYSCALL_INTERRUPT_PRIRITY, ¥/ 0] S ER G5 t.

Cortex M3 WKL 255, {H 2 AR Cortex M3 AL BFEER ) 7 S HLAI A
FERATHAATE, 0 A B ECE PR s BB AE T T AN 7 SR SRR W se 4.t
STM32, ST WEKsNZE R AL ERIEE N 15, M miiEHIgEE N 0.
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4.1 HE%

AT R AFAE— PR RS o 24— AT AN R IR AR R, BIE 3
A EA G AR VT R, DI ISATA, AR T A3, AR
U S A A o —AME S5 B TP IRER U XA B, W2s 3 SO A B2 H e AR L
R 1R o
DA S 7 — 464 1
1. Villshik
FEWNEE, AWAMESERAEIE 4 LCD
o {14 AIE1T, JFH:LCD E?fﬁ“‘%”He@%
]

o 155 ABATS B, (HILIN 71 1|o W
e 1145 B 11 LCD 5 Abort, Retr ANPHZEZS .
o T4 A MBI b b 4k 2 3 % %ﬁiﬁuﬁ—“orld”

BL{E LCD ! JKTEI’JzE%ﬁEﬁiITEI’J@ e@vaort Retry, Fail?orld.

e <<<2)

TEFPE B 57 JEIL 2
EPEI’J@?EMV\]Y?&?U#S ,
-- SRR

ARISANFLAE R ARMT I 4w AiS . T LA H, PORTA
e AT A P SE B I, ARG S RINAT . X AT 2 BT il i

/* 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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AR T ERAE, BN SE AR E TR AN IR — 84, T AR AR T R
Wb Wi HIEWNIEE, PIMESHRAEE R —N 4 PORTA (¥ N A2 WU 27 £ 45

o 155 AL PORTA [FME A3 A7 A7 25 h——REA G RR I LA

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

o 1145 B SEHEIHIAT T 4 PORTA I HIAFE, REHEANPLZERS .

o 1155 A NBEAE 1 b SR HUAT . HAB ST —A PORTA (¥4 U1, XI5 MU % A7

BAEATSS A RIS 5] PORTA 2 Hi 8 2 ARA7 R A -

fE45 A HHIERS T — A 1) PORTA %788, 7EAT55 A 3R UL o 7 ]
52, f£%% B XAEMT PORTA M. M JEfES A XI PORTA MEI'S#4E, E
TAL4 B Xf PORTA BHTI& B 45 1 ﬁ%i@ﬁ?gégpméyﬁﬁ%%ﬁo

AR LA Fh F B4 27 A7 4% 0 11 maﬁ2ﬁ> 4 JR A B ) -

BRAE
3. AEHEE T

O S H PR 10 2 A 1 A wzéé@ BEHC KRR T Mk 2 1 AR K
(betot, S —A 16 FoHL LI S B TR AR 00 T SESORE A B
7 HTb%ﬁﬁﬁbK%%%

s \Y

mﬁéﬁﬁﬁiggéﬂwgﬁﬁ%ﬁ%,ﬁ%@&%%*%*ﬁﬂﬁ%,Mﬁ%
PRECE P AN

FEMESSHR ALY B DR A 8] S F SR N AR AR AR AP R . ISR —AN R
BT Viia) B OS] b BB B AR F RS T R SL, Aaiin HE AT
R, WIXAS R AN . R B 58 7wl 7 — Al B RREL, MARFHE . 59
p s 02 NI EWNTE SR A Qi K 7 R
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/* A parameter is passed into the function
passed on the stack or in a CPU register.
each task maintains its own stack and its
values. */
long 1lAddOneHundered( long 1lVarl )
{
/* This function scope variable will also
or a register, depending on compiler and o
task or interrupt that calls this function
of 1lvar2. */
long 1lVar2;

1lvar2 = 1varl + 100;

. This will either be
Either way is safe as

own set of register

be allocated to the stack
ptimization level. Each

will have its own copy

\

/* Most likely the return value will be placed PU %1 er,

although it too could be placed on the

return 1lVar2;

EFiER 58

/* In this case lvarl is a global&ia le

the function will be accessing a ﬁ e copy of the variable. */
long 1lvarl; % Q
long lNonsenseFunction ( d% ¢

{

/* This variable is static, s

that calls the function '3\\
L 2
L 2

variable. */

static long 1State \'
long 1lReturn; Q&

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

break;

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

break;

ery task that calls

ot allocated on the stack. Each task

accessing the same single copy of the

BFEE 59 ANUEANRIOR
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NS

Vil ARSI, BRSSPI BRI, SR 7R L
DRAUE Bt AE A ] I ORAF — B0k o SRR 1K 2 DR AT 55 AT 40 D7 17 B8 it LA
fFett, HRXAGRIEKE 258 RS,

FreeRTOS fefit T ZMsMEH LLSEELE f, (H@iAF Bk CIER AT R,
AEATI S = ) bRl IR O vt N RE e, R B B, sl R R B
AR L HAT S5V )

ATEEAL T TR LCN A

. hit4, u&rﬂmm«zm\%ﬁﬁmﬁ%@o Q’)\\,

o (1L RIGRIX. Q N\

o GFRA A, Q ch>

o HEREA AT 4R Oco Q’§

o LA FH LT & Q

AN S &

. 4%%%5%%2%{(‘ SRR U T/ (1L 2 T ) JL R

.\\

R
A\
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4.2 g X HEER AR S

FAR I FX

FEARIGFLIX JE 157 taskENTER_CRITICAL() S taskEXIT_CRITICAL()Z &) ffj AU
X [a), FRFFIEE 60 & —BitfifLid. Critical Sections tH#i#:{ Critical Regions.
/% 9 T AR PORTAZAZ AR I VT WAL 1T, 44U I B MO I G X

BEAIGFHX */
taskENTER CRITICAL() ;

/* {ftaskENTER CRITICAL() 5 taskEXIT_CRITICAL()ZI‘EIJ/T B
e, (2 HRE 625 T conf igMAX SYSCALL INTERRUPTAPRIORZTYI
FreeRTOS API Hi¥{. */ @

&
PORTA |= 0x01; Q O
/* BATEZ 52 T 4 PORTAMI V] i, ﬁhlJHﬁ@%@é*/

E\ T LT, 7
1 ELIC e A 707

taskEXIT CRITICAL();
BFES BRI AT R
e
AR ) T %QT) ;7 vPrintString() 1) % %k, F DA T AR th B 'S
FAFH . XA FRAE R ED R Watcom DOS R $ATF5 i £ & . vPrintString()
wgﬁﬁﬁ%ﬁ%ﬁﬁ?iéﬁ%iﬂ@ﬁim¢m%ﬁ%*¢%ﬁgwﬁ@ﬁﬁﬁﬁ
PRI ﬁnﬁf??%i@\

o
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void vPrintString( const portCHAR *pcString )

{
/* fEstdout T EFRFE, I T DR SR AT k. */
taskENTER_CRITICAL() ;

{

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

}

taskEXIT CRITICAL();

/% SCVFHEAL T LN I REFPEAT o SRR KN FIRE P W RAT A 2B AR, SR TG 2T R AT IR */
if ( kbhit() )

{ A
vTaskEndScheduler () ; Q %

EFEER 61 vPrlntSt ‘iﬂjﬂi&

I 53 DX B A e ) 11— T Zz %;ﬁ/zt I 53 DX 1) A EAN SR 1 B AT
SHLESHIPS TIPS S W co x SYSCAL_INTERRUPT_PRIORITY X
LA (3 v i —— i %@% RTOS B, 53 bR schis U fgre A
il e, BTRAH A task _CRITICALOHIAT S5 w] LAFE H Iy 5 T ) I B — ELAR
Friatrds, HEBRHImTT

5 5K A4 \/\E\"Q%E’Jﬁﬂﬁﬂ, 77 00 23 5K OO B 5 2 VL
taskENTER chQs LOZ )5, AU P B £ — A taskEXIT_CRITICAL(). MiX
AMFHBERA b H 10 DR AP AN N 2 R I S DX (AR FFTE 5 61 o), RS2
FEM ) _E 2 — AR P #4E . DOS K425 F1 Open Watcom Ab Hi £ st H I 5
AR EFI72, PR 2 AT R Wi o A F T R AR SR R e i vk
T%.

I R XK R 22 1) R AR AT i MR IR BT B I 5 DO S e R
0 A HIER H——BE A A Z AT H K taskENTER_CRITICAL()#RRC & H]
T taskEXIT_CRITICAL()Z J5
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HilE (BUE) 45

AR D3 e A A A 2 A B A I S X o TR S AT L N i A0 e R A B T P A

FEARIG T DR ARY — BARE DX ) AN TR0 AT 55 B WA T T o ph e b o 8 285 S B 11
DX AT DGR — B X [ ANBE HE AT 45 4T I, BUAIX A 720N, P iR .

B SR A R XK T AN 15 5 M G o R S, ) DA R T R 1 4 £ 7
Ko [HIE M (resuming, or un-suspending) i & 2% 51— MR K A . BT AVPAL
Wb it i Ay A 4 B S B R O

vTaskSuspendAll() API &#

void vTaskSuspendAll ( void ) ; Q Q%
EFER 62 vTaskSuspend A@

L1 H vTaskSuspendAII()il%%il

&;&%TM%&LTI@J%&WT
e S T 1 @gm?zwﬁ i b

AL, A R B A 2 e Q)

<<

Eiﬁﬁ%‘%ﬂ&?%ﬁ%#&%ﬁ%ﬁi €eRTOS API ii%f.
xTaskResumeAll() Apl‘ﬁ\ﬁz
POrtBASE TYPE xﬂ%&’\agﬂll( void );

EFFTER 63 xTaskResumeAll() APl RURE
7 18 xTaskResumeAll()i& [7l1H

BHZ, Hiik

I [ AR, BTyl skt pidbl, HEHER
B M S A o A BIAT o IR AN ERR W B SCU i Sk A
xTaskResumeAll()ik [F 7153 2447, W%k A pdTRUE. 71

BREUL T, xTaskResumeAll()ik [F] pdFALSE.
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i 1] vTaskSuspendAll() 1 xTaskResumeAll()J& 22411, K %A 43—
TRE IR L T PR P e S AR IR E IR BEVHECh O I A 2 ng il —— 7 O B> 2 i
] vTaskSuspendAll()#SECE W H T xTaskResumAll() 2 )5 -

FEFTE R 64 R T 92br Al 16 vPrintString () SEEACAS o Xl sz B Jy =X RT3 iod
L T R g 1) 5 R DR S

void vPrintString( const portCHAR *pcString )

{
/* Write the string to stdout, suspending the scheduler as a method
of mutual exclusion. */
vTaskSuspendScheduler() ;
{ A
printf( "%s", pcString ); Q %
fflush( stdout ); Q %’Q
}
xTaskResumeScheduler () ; %Q&O
/* Allow any key to stop the a&go ning. A real application that
actually used the key wvalue ou P rq)access to the keyboard input too. */
if ( kbhit() ) &Q@
{ Q) .
vTaskEndSchedulQ&
}
} \\
‘\ K8 64 vPrintString()SEIAREY
.
N
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43 LFE(AZERFTE)

B Fag AR i) A S i, TR A B2 AMESS U ) I B . 5
WMUTEX(H. 5 &) ¥ T-"MUTual EXclusion”.

T HRFRSE, BRI S EnlEH 2 I ORI 2 . — MESS AR
TG AT ) TEUR,  FL0AZ0 58 B D) HL A 2 (Take) 12 98 Y50 Y. (1) 2 R (A 2 R ) o
B8 R e U, L2 I (Give) S . HAT IHIE T, HEAEss
A PRI, WA A RE 22 A Y) MIZILE R . — MESSBRAERA T, SIA
SOV A B XL 36 . )

BARE ity T AHfE v R A AR 2 A ] E&:TE’J Y ACHIS
TH R e AT B 30 ER R i:%j) By W B I 7E
BRERER R(RIEIRC PN S

o HTH RN G5 ELIMY ﬂ

RS0 B E& §{5§@%ﬁ R

\
A\
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The resource being
e e ssed kA guarded by the mutex
guard the resource
Guarded

rasoLirce
ask B

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.

xSemaphoreTake()

Guarded
resource

ask B

Task A attempts to take the mutex. Because the mutex is available Task A succassfully
becomes the mutex holder so is permitted to access the resource. % é
uarded

Task B executes and attempts to ta Sa ¢ ask A still has the mutex so the
attempt fails and Task permi C

Guarded
resource

S 2

resource

xSemaphoreTake() ‘

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.

u
éGuarded é

resource

xSemaphoreGive()

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

B 36 BFEMTHFI6E
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IXFHBLHRIZERE AL AT R4 e R 2T o AR 55 AN AEATART I #8 v) LA
Vi) GEPEA T LB 1K), OIS P A AR S5 IR ) — 80 BRAREATRERON B = IHF
EEEE

xSemaphoreCreateMutex() APl %
HFEE—ME5E. FreeRTOS T Fh 28 HIAE 5 5 A 0 # DR A7 75 2R 1
xSemaphoreHandle {251,
HFEAEMMLaead. Gd A aFERMUKMAE S ETEMLH
xSemaphoreCreateMutex() API %L .
N

xSemaphoreHandle xSemaphoreCreateMutex( void ) ;
FEFPEH 65 xSemaphoreCreate %9
#* 19 xSe ex() [ [H ]
B4 .&Q; Hiid

R EE L $173 TR O I o 5 PR A A7 HE 2R ) AR S S 3
FreeRTO AT 8 2 ) A TSR 2 5 T

Q@ULL (HAR R B QU A o 3R MELY: 4 PRAFEE R AT N IZ B e

&j@mo

% 15. fEHESEES vPrintString()

A A T —ANFRA I vPrintString(), #% 4 prvNewPrintString(), X i 78 24145
b X AN FT R R . prvNewPrintString() B 5 vPrintString() 52 4 AH Rl Th g, K&
FESEHL AT B SEAR I DR SIS bR vt 722 prvNewPrintString () )
LHAULZ WARFFIE B 66.
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static void prvNewPrintString( const portCHAR *pcString )

{
/* BFRAEMESR RS ZATt C eI, PrE RSB T e S e T .
WERAT . AR BRI, WAHGEHZE, FEATOHIN 1. xSemaphoreTake () H A BELERLIIZRAT L
FFEJFIRML FrUCHERIR AE . e TR ], RS 2 250 I £l xSemaphoreTake () 1|7
pdTRUEJG, A ReVi L5 0 (SLAb 2t fabniiimdt) . +/
xSemaphoreTake ( xMutex, portMAX DELAY );
{
/* FEFFPAT EIX AR O MEh R v i BT LU E dvs i bEdar iy, BOAE RN 2 1 —ME:
SRR TR, */
printf( "%$s", pcString );
fflush( stdout ); Q \\
J* TRRBAULE L */ Q QQ)
) S
xSemaphoreGive ( xMutex ) ; Q&O
/* Allow any key to stop the ap l ing. A real application that
actually used the key wvalue sl&i pro@ ccess to the keyboard too. A
real application is very u vy & more than one task processing
key presses though! */ Q
if ( kbhit() ) \Q) N
| N
vTaskEndScheduler() ;
} \\
} C

\ FEFEIE 66 prvNewPrintString () SEBAREE

prvNewPrintString()# — ML 45 PSS SR A « FERRKIH Z R T —4
BEMLLEIR I 8] o T4 TN LS5O T 1T 45 IR RN SEBI AR 38 4% B 105 P A . T4
prvPrintTask() i SRS 2 WLAR PG L 67
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static void prvPrintTask( void *pvParameters )

{

char *pcStringToPrint;

/* Two instances of this task are created so the string the task will send
to prvNewPrintString() is passed into the task using the task parameter.
Cast this to the required type. */

pcStringToPrint = ( char * ) pvParameters;

for( ;;: )
{

/* Print out the string using the newly defined function. */

prvNewPrintString( pcStringToPrint ) ; \'

/% e —AUBLETE ¥ B Hrrand () RS T 3 l J/ﬂ\s@wand ) B AT, {1
e AR AR R P, A m& — SR K rand )

B x/ @
vTaskDelay( ( rand() & Ox1FF ) % &
ERrRER GYQ'E l@%ﬁrmﬁask() KIS HARRG

AL —HFF, main() KA EE IR, GRS, R RshiFEd. Higkse
PSS IR FFE $680

f£45 prvPintTas /l\iﬁJfﬁ'JLHﬂa%TTl_JE’WE%ﬁ FTLLB AT, AR
TCHATS5AEAT L4 %%ﬁiﬁ%ﬁﬂ‘]ﬁ%ﬁﬁ o ] T B R ORUEREME S5 A2V
) 283 N ORFF BT, BTEARIME AR S5 7, PR S IEf 2o, AR ITEFEL
BRI RE . AR55 HIE AT ARt n] DL e, I B AT 55 AR B ZE A vh AR 94 1 B I I
8], AP IR S IR TRIBRIA G O A AR S8 Lo Bk i 9] o
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int main( void )

{

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

XxMutex = xSemaphoreCreateMutex() ;

/* AT S Al — AN BEALAE IR I A], X HLZG BEATLECR A 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,

NTagk 1 *kkkkkkkdkkkhhhhkhkhkhkkhhdhhhhh e ok rd ks x**x\r\n", 1, NULL );
xTaskCreate( prvPrintTask, "Print2", 1090,
"Task 2 -----------——m AL A N - - - \r\n", 2, NULL );

/* Start the scheduler so the£€reated Fasksestart executing. */
vTaskStartScheduler () ;

}

/* R —YNER main()@%(ﬁ%#ﬂﬁfﬁfﬂﬁﬂ, KA RS C AR FFURIBATAT 5 o AHURTR PIsAT 3 TIX
AT REE T RGN AF A O B 2 RNEST . 28 TRt 2 00T W AR PRI AE EL »/

for( ;; );

}

TFER 68 4 15 19 main ()R EI
B 37 o 70 15 naef i &5 8. — Rl Be i H AT i RE S WL E 38.

o C\WINDOWS ‘«..sv:.tenﬂz\cmd.exe - rtosdemo

& 37 415 Bk R
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B 37 IR R, AT IERA—#F, Kin E SRR AT R R I BIRIA . BEAL
(1 7 MR S A 55K FH BT 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

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
Task 1

Tl

1- The delay period for Task 1 expires \h comp\etes wn‘ung out its string, and gives
Task 1 pre-empts the idle task. é) e mutex - causing Task 2 to exit the Blocked
st

e. Task 2 preempts Task 1 again

|dle

| 15 sp—F ] BRI AT R

e =¥ ”\\',Q
& 38 Ll TR B 5 SR U B e D REMIR AR B B 2 — o FEIXPH AT RE M PAT IR

Festiid ,  FAEHRINAESS 2 TR AEEAHRA S AT S5 1 B0 B B AR AL
PSP 5 WARME S IAE 55 FLAEHER (AT R e o LB U e s 1K e — AN BRI
177530 WEARAEIX AT A FRE P HOR, Hm e UL 55 IESS Rl o B ik, —
I T MES I Z T LS E AT 55 T AT — =Xt S B UE L 55

A MR IUESS, RO SE AT S ETE AT | IX R I TR AE ] 39 ik
1T REZR o
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2 - The HP task attempts to take the mutex
but can't because it is still being held by the
LP task. The HP task enters the Blocked
state to wait for the mutex to become

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

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

1 - The LP task takes a mutex before being 3-ThelP sk\cenﬁnwéxecute, but
gets pre ®~ bythe MP task before it
' e

preempted by the HP task.
fiexha

8 40 meg)@}%}%
ﬁ%ﬁ&%ﬂﬁ%@ﬁiﬁf@é@i%/wzﬂa@ﬁAﬁ%zm, T
B S B T R I

<<&
Wi & Y '\\

FreeRTOS %é&%:ﬁ%%‘%Jr%ﬁM—ﬂﬁgﬁ’ﬂIZ%U?JE%E)%E BRI
TN IEARN PRI AP P IE bR e MEADL ST I s e S s i ) — oy 58
—HIFAREB IE LU A R I L, DGR IR IMIE e 9 S e (K52« A5G 24k K
R GAT BB T S 2%, T A SRn] LURE S )3, IR AR GBI e
Ak P

DL L AR AT N HoRs B B R AT 8 LS T B AT S5 A5 e L7 AR 55 P B
A AR EMIRIIUES WA TR LR IMESF LS. X
FELEIAE R 40 WP EEAT R R RSP A AEINIE R RN, e At E N R
KIS
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4 - The LP task returning the mutex causes the HP task to
exit the Blocked state as the mutex holder. When the HP
task has finished with the mutex it gives it back. The MP
task only executes when the HP task returns to the Blocked

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

. state so the MP task never holds up the HP task.
available.
High priority task [HP] g
. C \ 4
Medium priority task [MP] —
Low priority task [LP] —
11 Time"'g
1 - The LP task takes a mutex before being A\ 3-The LP taskis preventmg the HP task from ecuting so inherits
preempted by the HP task. the priority of the HP task. P task can be preempted by
the MP task, so the amount of timgthat ersmn exists is
minimized. When th ask gives t back it returns to its
original pricrity. (‘A R

B 40 LRk AR,

1T fedi A2 Lo 2% re e 17‘55'69&5@%

RS BRI T A
BT R 2 LA — /\EFF%)-Q~ <<\
™

W FreeRTOS A Bt f& 1 [n] WA B
AR AN, XFpSZIUE E —AMMES

FE
R ITS ﬂﬁﬁﬁﬁi hRER) o — M E B . Deadlock 5 B i 2 4l 5 4k il
PR A deadly em %)”
2 AMT 55 j%BZXTﬁHﬁH’J“ﬁﬁHT PIANE 25 R TCVE TR AR ST, IX R DL
WK N IE B 2 8T f£%%5 A 51155 B ESAG Ik X HHEFE Y U5
JAs H LA

1. AR5 ARMT, JEREHHRA T TR X

2. fL55 AHULSS BEA .

3. L5 B IR T HJF R Y, )5 XA ERIUE )+ 8 X—HE TR X &
LMATSS AFEAT, PTLHESS B L 1155 B I FFE A PLZE S LSRR B F
X PR

4. B9 AFLAREAT . LB F 8 Y—(HE 58 Y a4t B
FAATIAAESS A TSR, (155 A WIEFEIE AN FHZER ISR I e i Y ORI
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R B LR, E55 AESEfs—MIUESS B 1A I8, e B I
FERERs — MRS A SR . JEBl T2k, OB AMESS HA T BE AT T
£7T

LS e — e, S SE B ) doe I T V2 A2 Bt B Bl 25 18 S R 72 KUK,
BT R RGO AN 2 RSB BT Do TSRS =, X MR A
ARG, SEHOFAZ N KEGE, PRGBS N R PR 28, PTLLRE
g Pt A AR AL B AU X8, T B AL B )
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4.4 FPUER

SFYPULSARAE T — P T A AT R SEHL B R TIRE, AR L2 R AL e 2%
FE NG o

SPPUESS FER A B HATHE — P AU SS « RA P 9MES54 al DU A U5 i) 3
I BRI AT 55 B IR i DR RE IR S I oL~ AT 55 S A A 55

Bl 16. RFFIHESETE vPrintString()
% 16 $24t T vPrintString() 1) 73— M SEEL 77k, AR T&XTTFE%%EIEXT
Pt V7)o 24— ME S AR BT A 545 B i H: A LT EN R 2, 1

SR B AOE B S ST
ST T —A FreeRTOS M@% LERATAU ] o 24T 55 N EB S B

AR, KRG ﬁﬂ{
ST Y I [R) #87E E%” i BEK. M—AMF RBEAR, s
E%amwmm@umr IprEam L, 205 Sk [n[FHZERS, REE550r 415
BHFPR . SFAESSI) IJ“ i f? 5 70.

T b T LA A, FRBARNT I 25 0t T LA 2 A A S A S5 4R A e 25, A
(s iﬁméu%iﬁ”ﬁ b, — LBk T B TR 200 G0k
ﬁ/\/ﬁg

uEJE%@%?%% R[] R 250) A R AR BE LB P IR R A o B — A OBk T
BREL, ML R

o W'H FreeRTOSConfig.h "1/ & configUSE_TICK_HOOK 4 1.
o SRALH TR BN HAR S, BERAT IR G A 69 1 ek KA Al Y

*

void vApplicationTickHook ( void ) ;

FEFFE R 69 LBk T REE RIRE

MBI T BB BAE R S OB P B R S EHUT, BT LA ARAE AR N, GRS
S 0], I HANEH AT 2 P AN G 28" FromISR” ¥ FreeRTOS API B %,
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static void prvStdioGatekeeperTask( void *pvParameters )

{

char *pcMessageToPrint;
/% IXEME— FRVE V) R At AAESS o AT TSR S A AT R, AN RE LU R S, TR 2
B AT ER RO BIAT S5 o IF HRUN AT S5 A AT LLUT ) bR dER P AAAT S5 AE S0 EANT 225 B L
AT S . */
for( ;; )
{
* SERHMEEENL . T ALK LIS I TR, PG S AR PME - R E AR R R
H E\Hﬂ‘ﬂ‘%glﬁlo */

xQueueReceive ( xPrintQueue, &pcMessageToPrint, portMAX DELAY );

VAR et S

printf( "%s", pcMessageToPrint );

fflush( stdout ); Q \
/* Now simply go back to wait for the n@ %Q

}
B
{35 AT 4 541 15 R, LI TR R I A RIE B ST
TS 2 B Hh B 203 5 RIS 1. RIZRTHE, SISO T
iR [ 5241, {Z&@ I INSE S INGES )
static void prvPrintTask arameters )

{

int iIndexToString; .

/* Two instance Wis task are created. The task parameter is used to pass
an index into &1 of strings into the task. Cast this to the required type. */
iIndexToStri ( int ) pvParameters;

for( ;; )

{
/* TENGFAF R, ANREELRA L, R ATV 745 i HR T AL BN YT S5 ASILETH LS 18 3 it
BT, PrOMESHATIN ASI C2AFAE T o IFA e BN SRR, PO BAI A M SE A R */
xQueueSendToBack ( xPrintQueue, &( pcStringsToPrint[ iIndexToString 1 ), 0 );
/* FERE AR W o VR B B rand () ANESRATERAN, BIREAG]I P rand () FERE{EIFATEZ. H
EK%%E*EM%@%%$$7%EmgﬁﬂEAmﬁﬁhmﬁﬂﬁﬁ-ﬁﬁﬁ%ﬁﬁ*ﬁMrmdU
M. */
vTaskDelay( ( rand() & Ox1FF ) );

}

FEFFER 71 Bl 16 HP ST BN AR S5 SEBRANAY
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b1 pR B AR ] SO FL O AR B AT o B, iR 200 Il <1 9
FESSROEAE R e T RA A ISR ROR, OB 1 R BOR5 BAGE RIS, T ED
B AR SRS B AGEBIASI R o LBk Ey 1 PR B S B RS AR B B 72 Pl

void vApplicationTickHook( void )

{

static int iCount = 0;

portBASE TYPE xHigherPriorityTaskWoken = pdFALSE;

/* Print out a message every 200 ticks. The message is not written out
directly, but sent to the gatekeeper task. */

iCount++;

if( iCount >= 200 ) Q \\'

{
/* In this case the last parameter (xHi% ty’ kWoken) is not
actually used but must still be sup i ijd
xQueueSendToFrontFromISR( xPrint &CO
& ( [21),
@ %TaskWoken );
)
/* Reset the count re %p 1 &ut the string again in 200 ticks

time. */

iCount = Q&Q)
\\&ﬁaﬁ 72 DBHTHRESEIRE
>

D
ATEH —HF, Snain() s QI AT AR 55, AR5 R Sh 4. main() e £ H
WSS WREFHE . 73,
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/% SRS AW Il PSS R P A . */

static char *pcStringsToPrint[] =

{
“Task 1 ****************************************************\r\n“’
"TASK 2 =-- - - oo e - \r\n",
"Message printed from the tick hook interrupt ############## \r\n"

}:

2 */

/* FiWlxQueueHandleZZ i XA RURE & T EAE S A Wik i AR 55 RATH R . */

XQueueHandle xPrintQueue;

int main( void ) Q %

{ Q
Jx OIRIAFL, HIENS, MR TR TR . 5 CO’
xXPrintQueue = xQueueCreate( 5, sizeof(KG

/* OB g e f . x/ @ Q\

srand( 567 );

/* Check the queue was Ct%g su §ully. */

if ( xPrintQueue != .

{
/* QIR AN S TYPUES KIEG R EF AN SEHA NG E R ) 71T BRG] XMW
ML BATANR IO A% NI RL s D e AT 45 AT I 2 AR e AT 55/
xTaskCreate( p ’p:i tTask, "Printl", 1000, ( void * ) 0, 1, NULL );
xTaskCreat@rintTask, "Print2", 1000, ( void * ) 1, 2, NULL );
/% BUESFYESS . RXEME—— A SRV EAR VT RARAER Y (ST . +/
xTaskCreate( prvStdioGatekeeperTask, "Gatekeeper", 1000, NULL, 0, NULL );
/* Start the scheduler so the created tasks start executing. */
vTaskStartScheduler () ;

}

/* WERVIER, main () REASPATRIZE, BOYIHES CLIHRIZITAES . (ARUERFEFIE TS TIXH,
IRATREZ BT R WA LML B B NAESS . SR LSRRI L R TAAEEINEE «/

for( ;; );

BFER 73 #l 16 H1 main() RIS
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B 41 BT 16 iatrfmh g k. MEHRTLIES], L
HI IR B RT3 4 H A L A L T B A

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

Message printed from the tick hook interrvupt BEEHHEHEEEHT
?esiage printed from the tick hook interrupt HHRHHHHEHETHETE
ask 2 —nV—"-7v"rnrrn-——--—
Task 1

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

Task 2 ——rrrrrrrrrrrrrrrrrrrrr PR P E T r R R T TR T R R R T T T TR T T T A

Message printed from the tick hook interrupt HERHEEHHEEHLHEYG

Message printed from the tick hook interrupt Hi#HHRHHGHHEHT

Task 1 FEIHI

BAT IR .

R HAES

B 41 4] 16 KBATH DYE R

= S5/

T

SFYUESS AL SE PR T 3T BT 55— RSB Al 55 101 25— HLARFFAE A
HI, HEIPATEMES R ANBLIE S . Al B H B4 s RS T — M=
RIDLSE SR, I ST DAAS 21 SR 1) AR E R o 1h 1 57 9 AR 55 T A A AR o

PALSSHAEIR, BB TS5 56t 52 JLGam B i) s ) o
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5.1 #E%

BUAESS, DSVERAE T B AN, W EHATIIANA R . AR LU
FRUER) malloc() 55 free()ZEpR%L, (HDAZR ZCHH DLTR 251 ) i«

XA bR AR NN SR GE R AT REAN T
XA RN HARSE I T BE IR ROR, & PR 2 S 52 (AR 25 1A) o
XA R BOE W A R 2R L L
XA R BCRAT A E t//\ﬁﬁHHTEI’JHTIE@%BT%H
PHAS PR R 7 A A AR
XA R B A i?ﬁ%ﬁ@ﬂﬁﬁﬁ O(b

5

E&E&

o o kA w0 Dbd PR
&

ﬁlﬂﬁ’\]ﬁ%)\ﬁ%%ﬁﬁﬁﬁﬁ’] @@jﬁ T LA — B N A7 B SE R
WA N R . B, F %ﬁj‘@ﬂVEﬁT*ﬂE}:‘ﬁ(*ﬁ%‘?ﬁi‘mW
Tuiﬂﬁ & A5 B ARSI
rtMaIIoc()ﬁﬁT;EE?%iJﬁﬁﬁ malloc(); 4B AT
W free(). pvPortMalloc() . 5 malloc()#H [H] ¥ 5
B E A, vPortFree()th & A free()AH [7] 11T pR 7Y

FreeRTOS Eéﬂ‘ pvPortMalloc()55 vPortFree()sEHLya 6, 1X —Fh 7 U & 7E
AEAHA . FreeRROS (A7 Al A I Feh—Hf, el BRI B S A A7 BT

X =AY = ANESCE: heap_1.c, heap_2.c, heap 3.c——iX = AN CHHHE
JAE H 5% FreeRTOS\Source\Portable\MemMang . - A ) FreeRTOS Bk I
J5L U A AR A A7 BRI BC 5 56 LR I T DA 3 SCIAL A7 RN Y A3t R R/ i EEROR
NINE - IEE

eI RGE T, W AL R SR As Z AT QAT 55, BAAIAME 5. XAE
DLW, BhAS AT 2 M BIAE N AR 7 SOE T AR AT SEF D e 2 |y, 1 47— H.
SRS R I BRI RPN AT 20 IC T I AN AL 7% (B — BB ST AR A 32, BT #ff
SEVEL WAFRE A, T T APERE 5, B AR RN R S 1k

BRI AN T 25) o A
é.vmmwamﬁ,%l =
iF, VM vPortFree()ifi A
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TR T ik LU R A
o FreeRTOS AT A %73 BiE A7 .
o FreeRTOS $4H i1) —Fh A 1773 lic 7 S36 41 .
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5.2 WA BT Riabl

Heap 1.c

Heap_1.c SZHL T — MR AN pvPortMalloc()fiiAs, 1y H.¥% 4 SZ B vPortFree() .
1 L PR R PR AN T BB T4 BASISk (55 4, WA 4 heap_1 37 . Heap_1
R BT

XA 4B 7 SRS FreeRTOS [ P A2 HE 2 1) 5 1 — A ] 8 1 B4l . 24 9 1)
pvPortMalloc()i, T4 ¥ 41 S S M 43 o /N (1 P 7

B ISR AL AR FreeRTOSConfig.giconf@ml_ﬁ EAP_SIZE
5 o LA 25 A RS 2 LA VAT B AR 1 1 % i A —— B
AR BEATAE TS24 WEZ BT CD’

ﬁ%@%ﬂa4\@U@H@E%Ei&§[‘mLﬁ@é?&gﬁwcsﬁnﬁ\&mo A 42
JER T heap_1 2 WT{EAT 5 QUL ANMBETEAL . B 42 T LU

o ASORHALERATEITEONEN ST 088 Bl .

« BARHALE O TG A

o C FR s o AR S S .

4 o
L AV B
M| Oy
IR
N ay
(AN 0]
< o
T 2
_.' o
< 0]
I_
O J
|_
o
“E
@)
&)
|_ TCB
B 42 BROIBES BRI EER
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Heap_2.c

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

VLR ORAIE pvPortMalloc() 2 A e 1mii SK/MRS IR A7k tean, 2%
JELL T EE -

1. HESAP AL T =AW AR, 2300004 5 A1, 25 AT 100 R/

2. pvPortMalloc()#4 11 H LATE K43t 20 715 K/ A7 ]
DCC T K715 20 i /N5 R A A B AT 25 7755 KDy Y?ﬁ%#%ﬁﬁ LA pvPortMalloc()
SIHFIXAS 25 FATHE S A 20 FATHA— A Hﬂﬁ kAN ) 20
THRFRER . R 5 TR R RO, ﬁ PortMalloc() i ] .

Heap_2.c #Ké—‘i‘lﬂ*ﬁé‘ﬂﬁ@%l‘zﬁﬁ%ﬁﬁﬁ?s WAEH,  Ftbhas = N AEE B

I
—— T S TE RURE T 2 A ﬁ&@@ﬂ AR AN 25 B — A 1)
Heap_2.c & & H T FELE @ % WA 25 (A AT 55 10 S FH R P o
o B

4t
F

)

c

SIZE
<
2,

L—aoeds

L—osoeds asi{—l

L—osoeds ssi{—]

o
0.

Stack

TCB
Stack

TCB

TCB
Stack

configTOTAL
Laoeds.d
23l

TCB

TCB

—

&l 43 BIEAMERAES /5 A FF2 IE T O

SROERTEIL. B heap_2 S e IR LEE L, FTUABIAN B I  AE B B /N T 25
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Bl 43 s T RS A, MR DU Gt Rerh, VL O SR 2 ] AR
M 43 R LUE -

o A LR MAAE R T =/ MESS RN IE . AL TR R 4 — S K2E B

o B R BAAEMIER T — MESS IS B . BHBIR S HERERFF AL, JF2 tH T

AN N, G POMBRAT S5 () TCB AL S5 Ak

o C FRMALE QIR T —MESIRIING . QUL MES 27 1 U

pvPortMalloc(), — &4 TCB, — &4 FifE45-+% (i pvPortMalloc() &
47 xTaskCreate() API B4 4 #).

KA TCB #EA IS, FiLlR LEICRLS @ ua@ HREIN R 1446
i TCB * mwgﬁﬂm%Wﬁﬁﬂ %g§>

PTHAE S5 1R 25 W) 55 2 i e M /M‘EI_.J PIDS - SE NI RPSS
DRALE Z TR Bﬂf%:ﬁﬂ%ﬂ’]* Q&‘ e AR A 25 A 25 1]

KA TR R Pﬁi}%

Heap_2.c BN A& 15E %&E éiﬂﬂ’ﬁfi;&@”ﬂ’] malloc()-5 free() AT 34K .
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Heap_3.c

Heap_3.c faj &t i ] T ARvtE e i %k malloc() R free(), fEL 2 i o % I e 1 J A
A A e e etk . SLSCHARIL 2 AR P IE B 74,

IHISH ) 9 A7 HEZS (7] K /NASSZ configTOTAL_HEAP_SIZE 5401, 1M A2 Hh i 2 fic &

void *pvPortMalloc( size t xWantedSize )

{

void *pvReturn;

vTaskSuspendAll () ;
{
pvReturn = malloc( xWantedSi@ \'

) NS
xTaskResumeAll () ; Q ( : o
return pvReturn; O

void vPortFree ( &pv
{ Q ~ <<{

if( pv@‘ ) .
N
vTasksS 11();
{ \
‘\ ee( pv );
‘
@'aaskResmeAll (N

}
FEFFER 74 heap_3.c SEIRE
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6.1 ME%

ATE T BRGNS FreeRTOS (¥ I fig th A8 L9307 T30 & 7% Hp B 3 (1 ) il . IX L
A R R TBCAE MR H DL A bt t 0Tl b, DR DA AT SR 1 1) it 1 25 JLAF i 21 B %2
(i o o He LB LR WL il AL, A fR A L FAQQIR) ) KB 3045 H vl E ) Jit [
FA R 71

printf-stdarg.c

Y AR UE C PERREON, ks IETJﬁﬁHET%‘Eé\%%ﬂ, #@G\l\}% 1O 5745 e A
BiEL, L sprintf(). 7F FreeRTOS F #5444 @t darg.c fISCHF. XA
SCPESEEL T — AMRECRARAL AR IR /N sprintf()aai] bRAE C FERRBRAS . fE K
ZHROL T, EREAOT LS4 ) sprintf ST 55 0 AR 2 A I A sk B/ ME 2 o
5
fi%ﬁﬁﬁﬁo B LIRS license A7 T
(RS A RS AR5 75

printf-stdarg.c ﬂﬁﬁ’d@ﬁﬁﬂl@f&
FreeRTOS. H/&[1 license @%@/\

%
A\
&
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6.2 ¥
FreeRTOS $43t T 22 Flkdr ke 4 B i B R Aot AP 6 110 i) f 4.,

uxTaskGetStackHighWaterMark() APl BR#(

BT S HOA ST Y57 B AR A ], M A ) S A AT 55 O I BEAT R OE .
uxTaskGetStackHighWaterMark() 3= £ FH >k & 5 @ AF 55 (1as A7 I s v, Fokk s m) ik 22
2/ o IXAMERRR A AR A1) 5 K 42 (High Water Mark)

unsigned portBASE TYPE uxTaskGetStackHighWaterMa Q\‘§' xTask
)RR

BRFER 75 uxTaskGetStacknghW

% 20 uxTaskGetStac@(%M,&ark()’%iﬁ =B EE(ED
« Q

BH%, Q <<<Z) ik
xTask AT @% :
xTaskC ea

x ULL AJH, RS A e B 5 ARSIk £

AN RAIT S5 AR, PETE1E S I APL BRI %L
Z 4 pxCreatedTasko

i [ @é 7 1) (4 S B A P B 25 B A A 45 AT AN T A B A BRI
uxTaskGetStackHighWaterMark() i& [7] MAT-45 J& s /AT I 46 118 47
DS, ks I BAG RN A o XA B 2 b 2 T Al FH O B i
IS (RN R A F AR A= ) o X /MBSO FEIE 0, T AT 55l B it
B tHANIZE T

CRSEMR, RS TCVELE /ML DOS BB R, Bk DOS KU B WA, Bk
15AE Open Watcom b [P 7R i1 SEqE v 1) 4 FH i
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BAT AR —— Mk

FreeRTOS & W FHEAT I ARATIALE], B FreeRTOSConfig.h H ¥ HCE H &=
configCHECK_FOR_STACK_OVERFLOW #EAT# . X PR 7 U438 R P ¥k
VAN

e HH PR R H0(ESRR [ R R 250 B P AR AT A0 B M i T TR o A R AR Hh A

PREL, AR BT LU N

o {F FreeRTOSConfig.h H4 configCHECK_FOR_STACK_OVERFLOW %k 1 5 2.
o SRALE TR BN RS, SRHIFEFFIE B 76 JT7 (1 bR K44 FH pR 2 R

void vApplicationStackOverflowHook ( xTaskHandle *pxTa Z s:.gned&\CHAR *pcTaskName ) ;

TEFFIES 76 HRuE TR

it H )RR %ﬁTfiEﬁEﬂHﬁﬁ%’ﬁi Dy » T ICIRAE RS HY IR X ik

(/% é&ﬂ’])\lﬂ?"%&ﬁ%)\TE% 55 AR Al fEAE HY IR il 2]

RRIA
it B R 08 TUT@? BT .

%%ﬁi?%%ﬂ%%&%?@&m I 237 AR S, AR AT RETE PO A% TR R i
B PR A AU A TR DR R

IBAT AR AT \’}% 1

24 configCHECK_FOR_STACK_OVERFLOW ¥ & 4 1 Wk 1 77k 1.
R4l A e LI, AT S5 I3 1R SO RA7 208 A SR 2 ) o X AT
SRR B TN 2 9IE 3] T —ANEAE . 24 configCHECK _FOR_STACK_OVERFLOW # 4
10, WEESEATS bR SURAF TGRS AR AR BT A I i 10 A7 bk 2= ). — ELRS I 2 ke e
B4R I O BT S AR A RO B, M H B 1 pR A0 2 R T

J7ik 1 BT AT 3, (HAk R HH AT W] Be R AEAE PRI B R SCORAF 2 TE], IR
BEANSSAEATTIN 3] o
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BAT AR —— J5Vk 2

# configCHECK_FOR_STACK_OVERFLOW ¥ & 2 sl LAk ik 2. Jridk 2
FEJ73E 1 WAL LT T —264h7E

MOERAES N, S P BUE T —Mrid. J5ik 2 SR AT SR EOS 20
AMFAT, AR TERX R CEEE R B . WSS 20 AN AR ic 2t 5 1
VAN, AR H BT R BOst 25 R

T3k 2 B L IBATERE R, AR AN 20 AN 1A SR i 2 AR PR o 31X
T 7 Y A ] AT B ATART I A R AR vas H, AR FEE FOR A ml AR b — L8140,
(FX LA L TP AN RE R AR

FreeRTOS 131
Designed For Microcontrollers;
© 2009 Richard Barry. Distribution or publication in any form is strictly prohibited.



http://www.FreeRTOS.org

6.3 H'E®HIER

FEIS: fE—A Demo MHREFHHM T — M HEKES, SBNYHEFFHR

FES5 AN I 75 LA NAEHE R 3 BC S B . V72 Demo I FHAR P i SR HE A [A] R/ A
fig 1 1602 Demo (L5 —— LA BURE S iin, St ic AL 08 1 8] 4 2 [m) ke o 2
TS, BAAIEE S5

2F AT S5 EAE vTaskStartScheduler()ifi F 4 Hah G 1. R b T WAEA L
FEAE S 4TSS, vTaskStartScheduler() & H#R[Fl. e vTaskStartScheduler()
Je b — 2GR [for (;;) ] AT DA R U B N2 2 i 1R \\

RSN 2 (AES5 ﬂui%ﬁbﬂﬁﬂﬁiﬁ/f@\, B —YECAEAEN Demo

% é§>&$§b’
R BEIMS: EPETTIEE—A API&&

@m&rﬁﬁﬁ
5 T FUAT R4k FromISR? zzyk H, T TR R 5 R e
'© APl 5. &Q)Q)

L

T LA 5 A AT FHUT F

EXEH@%E&XEI@I@%%E&L H T AR 52 ORIV F 7 32 A R ) (il —— T
DL, 5 A 58 M R A R IR S5 AR A F R, R A R SRS
Demo FEFP I SCRYHEIR, L5 AT Demp F2 7 H B AL o W7 R 45 51 R el A 1)

N FHFEP TAELE Cotex M3 I, T3 BEaf s 45 P T IR SE Ny, A ARG S 21
SHUEFOREH Em e g W, B IER T AR EMR, AR S #osid. —4
P LA RS, ESegm T configMAX_SYSCALL_INTERRUPT_PRIORITY
i T FreeRTOS AP R %L

WIS RN A %%% b Al 55 B 2 A A 352
baEReal i}
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BEIE: ERNHE—MEFN, HESHRT

R ARM7, IS4 e A vTaskStartScheduler() i 4b Hi 28 4k T4 ¥
B (Supervisor mode). 5 & §111) 77 A2 7E main()Z /i1 C Ja sl hid ook db 3 25 15
HONEHRI . ARMY7 ¥ Demo N TR & iX A .

WAL PR AR BT, RS S VR R 3

FREILA: R X R IEFRE

% T taskENTER_CRITICA()# taskEXIT_CRITICAL(), T i ANEEAEH & #1524
2% 0 o WA e A B AR S b iiﬁﬁ’n‘?ié&%}ﬂ?~/\m§/ﬂ“ L PR S
AR E AR G EUEA 28 0, WA Al % \

B RIS : 7E R 4% 0 BTN 2 e 5 A 35t
WR =AW =4 B SC e, 0 %Qﬁf“aﬁzﬁzmﬁ; o IX[FIFE
ﬁﬁ?%ﬁﬂ%%ﬁéiﬁﬁj\ﬁﬁzﬁ%i@ %F@ZHU (T S/
A 48 APl BEANRELE T T . fEMA] vTaskStartScheduler()2

A, fedf 2R E H ﬁﬁﬁﬁ'ﬁJ ALfE SR AP RS

B IS : 7EHE AR Pl &%, BN HEFR A

A vTaskSuspendi}E’%i}%Fi%%%@, 1 e i 1 252 2% 10 H xTaskResumeAll() .

%ﬁﬁ%‘&&\iﬁQ O e APL R AT
B RIS : EEEA pxPortinitialiseStack() 524 B LK

RERPRE MR T 2L 58 SC— X B, DAIE IR WAZSK SO I B 2R o i SR
PF PR EUE Y pxPortinitialiseStack () H 8, IXFHELGIEA_Fn] DU e A& KA A 1IEff
AN . 62 WKk 4 LIRS E 2 E R

A LABEAAH NP5 (1) Demo LRSI R . M7 Ut AN A0
EIER SO, A O BT IE G G 1 2R L T
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APPENDIX 1: BUILDING THE EXAMPLES

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

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

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

DOS is far from an ideal target for FreeRTOS and the e s will not run with true real
time characteristics. DOS is used simply because it a Q‘experiment with the examples

even when stepping through code that is ical’ section. This unfortunately makes it

impossible to step through the context sw& SQ)
It is best to run the generated execut@rc&@hmand prompt rather than from within the Open

. <<<2)

without first having to invest in specialist hardware c<:> Q
Please note the Open Watcom debugger wi@l xecute between step operations —

L

FreeRTOS 135
Designed For Microcontrollers;

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



http://www.FreeRTOS.org

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 cre \
Each demo project is located in a unique directory un &ectory (see APPENDIX 3: ).

The directory name will indicate the port that the de@q Q to.

Every demo application also comes with a docuﬁz i agd€ that is hosted on the FreeRTOS.org
WEB site. The documentation page include onrlocating individual demo applications in
FreeRTOS directory structure. &

All the demo projects create task t@%’ned in source files that are located in the
iles

Demo\Common directory tree. Most e Demo\Common\Minimal directory.

A file called main.c is include ir?‘g,’n " This contains the main() function, from where all the
demo application tasks are created. e comments within the individual main.c files for more
information on what a specific dem$ ation does.

.\\

D
A\

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

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

FreeRTOS is downloaded as a single .zip file that contains:
e The core FreeRTOS source code. This is the code that is common to all ports.

e A port layer for each microcontroller and compiler combinati(&hat is supported.

e A project file or makefile to build a demo aion @\ach microcontroller and
compiler combination that is supported. Q Q
L 2
o A set of demo tasks that are commonto.eac (.Qplication. These demo tasks are
referenced from the port specific demq proj
The .zip file has two top level directories, one ce and the other called Demo. The Source

directory tree contains the entire FreeRT @ mentation — both the common components
and the port specific components. The@ dire ree contains just the demo application project

files and the source files that define thQ) Q&
<<\QJ )

FreeRTOS @
| \e

+-Demo Contains E}\ mo application source and projects.

I
I
.
+-Source Conta@e implementation of the real time kernel.

Figure 45 The top level directories — Source and Demo

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

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

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

Figure 46 The three core files that implement the FreeRYS kernel
Removing Unused Files ;
The main FreeRTOS .zip file includes the files for all --
contains many more files than are required to us €
makefile that accompanies the port being used s&

and which can be deleted %
The ‘portable layer’ is the code that S the&e TOS kernel to a particular compiler and

and all the demo applications so
The demo application project or
a reference to which files are required

architecture. The portable er rce files are located within the
FreeRTOS\Source\Portable\[compile [ % directory, where [compiler] is the tool chain being
used and [architecture] is the micr, ller\variant being used.

OS\Source\Portable that do not relate to the tool chain
the directory FreeRTOS\Source\Portable\MemMang.

e All the sub-directories er
being used can be deleted e

e All the sub-directories, Xr FreeRTOS\Source\Portable\[compiler] that do not relate to the
microcontroller van? g used can be deleted.

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

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

Adapting One of the Supplied Demo Projects

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

To start a new application from an existing demo project:

1. Open up the supplied demo project and ensure it build exec \s expected.
2. Strip out the source files that define the demo S. n’@e that is located within the
Demo\Common directory tree can be removed,from thé€ projeectsfile or makefile.
(o

3. Delete all the functions within main.c othe@.@x

4. Ensure configUSE_IDLE
configCHECK_FOR_STACK_OVER

prevent the linker looking for [
required. @

5. Create a new main() fl%&
)

6. Check that the project buil
Following these steps will pro (\
define any functionality. .

’&Q.
A\

rdware().

, Q\ configUSE_TICK_HOOK and
W ar set to 0 within FreeRTOSConfig.h. This will
ook fons. Hook functions can be added later if

template shown in Listing 77.

project that includes the FreeRTOS source files but does not
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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<> ;ln( ;

Creating a New Project from Scratch Q O

As just mentioned, it is recommended that n

If for some reason this is not desirable thm&@
1.

2.

re treated from the existing demo projects.
can be created by using the following steps:

Create a new empty project file@,a %I@hg your chosen tool chain.

Add the files detailed wﬁhg 214to the newly created project or makefile.

Copy an existing Free%

Add both the project diri

ile into the project directory.

d FreeRTOS\Source\include to the path the project will search
to locate header files. |

Copy the compil Qés from the relevant demo project or makefile. In particular every port
requires a mac et that ensures the correct kernel header files are included in the build.
For examplz},@uilds 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 ay fileqd file will be located in
the same directory as port.c. The file name extension'will dﬁg on the tool chain being
used — x should be replaced with the real file @ tensio

Header Files %Q/@
A source file that uses the FreeRTOS I@t i “FreeRTOS.h”, then the header file that
contains the prototype for the API functio ing u ther “task.h”, “queue.h” or “semphr.h”.

R

L J

Vo’
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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 bi F@ &

Macro or typedef %)
used Q &
POrtCHAR char O: Q~
pOrtSHORT short Q§ &Q)Q)
portLONG % <<

long

L 2
portTickType This is uge *& tor ick count and specify block times.

portTlckTyp € either an unsigned 16bit type or an unsigned 32bit type
dependin X setting of configUSE_16_BIT_TICKS within
FreeRTOSGonfig.h.

Us% b|t type can greatly improve efficiency on 8 and 16bit architectures but
\Q y 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
‘p’. Therefore a variable of type unsigned char will be prefixed with ‘uc’, and a variable of type pointer
to char will be prefixed ‘pc’.

Function Names

Functions are prefixed with both the type they return and the file they are defined within. For example:

e vTaskPrioritySet() returns a void and is defined within t Q

e xQueueReceive() returns a variable of type portB{? a@ defined within queue.c.
d

e vSemaphoreCreateBinary() returns a void a<> @%1 semphr.h.

S

File scope (private) functions are prefixed with f

Formatting &
1 tab is always set to equal 4 spaces%z Q&

&

Most macros are written in capit prefixed with lower case letters that indicate where the macro
is defined. Table 23 provides a list\of prefixes.

\Qo
A\

L

Macro Names
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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) Q’defs .h \
Note that the semaphore API is written almost entirely 'ii of %bs but follows the function

naming convention rather than the macro naming conven

The macros defined in Table 24 are used throughoe@s source.

Table 2 mmor@g t definitions
Q;g:cr& Value

L

Q}rR 1
X SE

‘\ PASS 1
L 2

’& 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. Q

Table 25 Open Source Vs r

OQ~

Open source modified

0
. <<&Q’
ls it free? &Q)

Can | use it in a commercial applicati

Is it royalty free? \
>

Do | have to open source mqp ication code?

Do | have to open SO@C anges to the FreeRTOS

kernel?

Do | have to document that my product uses
FreeRTOS.

Do | have to offer to provide the FreeRTOS source code
to users of my application?

Can | receive support on a commercial basis?

Are any legal guarantees provided?

FreeRTOS
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3¢
4

icense Comparison

GPL license

Yes

Yes

Yes
No

Yes

Yes

Yes (a WEB link to the
FreeRTOS.org site is
normally sufficient)

No

No
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Commercial
license

No
Yes
Yes

No

No

No

No

Yes

Yes
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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 FreS.o@E site for the most up to
date version. Q
L 2
Clause 1 <>
Linking FreeRTOS statically or dynamically with other mod% a&m mbined work based on FreeRTOS. Thus, the
e le

terms and conditions of the GNU General Public Licens@r bination.

rmission to link FreeRTOS with independent modules
Pl interface, regardless of the license terms of these
bined work under terms of your choice, provided that:

As a special exception, the copyright holder of Fre@E ives

that communicate with FreeRTOS solely thro theNFree,

independent modules, and to copy and distribui sultii
d

1. Every copy of the combined work i ?'g’vpan
FreeRTOS used and an offer b}Q& 0 pri
an

by a written statement that details to the recipient the version of
'he FreeRTOS source code should the recipient request it.

2. The combined work is not itself uler, kernel or related product.

T$

3. The combined work is not itself a X&/ tended for linking into other software applications.
>

Any FreeRTOS source code, wi odified or in it's original release form, or whether in whole or in part, can only be

distributed by you under the, the GNU General Public License plus this exception. An independent module is a

module which is not derived. sed 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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spare processing capacity xQueueHandle, 49
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soft real time, 2
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