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BB -—REWRMRT-Thread EARBRBHRS 25 LEBEREEFREBREAE,

RT-ThreadLA—FE .. LA, RT-Threadt B —MNRAELIRE—NBIR, ™
BR—FALEHUNXANABRETHE, BANE, BNZRBENEE—MNIKRAF9R
NFITHEH, REHRABIEFRM:

« —FRIEIUARAE (ERREMRAE, HIPRE) , FIN2.0xERNRE, ER2.0.0ER
WRZAEIbug fixhRZA, FEINEE LHARNRMFAIINGE, MEBEBE T EBbughIELE;

o —MEMARRA (HERAKRAE ) , FI302.1.0 betahk A, ERU—FHIRTE B IR
i, SEENRE, BEXNRERBLIRE, EESHINE, WHHMBLNERR;

B ARREAZERMRELARBIR, —REEIHE. BIZEITAERET; BEitE
FEFEHRE-IHMANALRERN, SWERKTRHREANEFR, HEKREHNT
rn_,]o

EA%REN L, RT-ThreadfBZEIARIRER EEMBVRF ARG TR =1805 :

« A% (kernel) , X/NRERT-Threadiizily, tHEBEA;

« A% (component) , EFxibz t, E—LINEERIRKI S RIEIZIR— M NEGER
R, WMEEGESEAEZENRBEBS, AERIBHISAK,;

« 9% (porting) , XMNRERT-ThreadZ#FHI— M HEBIE, IMRIRDHE;

=R EBIEBLEIFAN, HIPANLMFRIEEXRBINERIEIT. HF1H
RT-Thread 7f & hR A e fEgithub.com £, RiBEANALE. BIFEBRT-ThreadiZ2 XX pull
request, SMNAMKE, DZHIEIF AZEWS pull requestic, RRERBESHIFLSZT,
FiE, EFERIMRBMIZMESRT-ThreadRIZIE, FR/VHEINNT| EH B4,
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1==1

ZIFHESEE

—MARMEREFRRITR—NSRTHRARET: RRERNESSR-R—NMES
#E17, EREIMTENTFER—LHINNARAITR, Eh L:ﬂ]LT%*%qET_IEIEE’JH‘J
B “ERT AESANEMAEL, SSERERAERMIZIRTTR— M HTHRER,

HITRIFZARASE—NNASER— NN, HAER, FIEHRERRTT,
HEEMNLIMES, EBIFITRITR, XMRITEEBILRLRH B LR RAERIMEEE KA EY
2K,

2.1 SERNRFRIFEK

le]'sfﬁ SEHERR, RIS RER ERIAYE A E I I EREE A H MmN,

“BEIA” (XXl fiideadline, BRI WEIZMAELR), RARNB M —Lit

IE 1§H§D$au)\nﬂl}EE’J DTS, IMTAERESE, MEXEREREZI, RARTEESTH TR, M
—LE=RIE,

Pl —FHNLIEE, H—PRIBERANRME, RANISRALHERE. FERRUEM
EABRE, HEZEHTEI, MEFBIERANRK, AMEIUAEHT-LHETL
&, PISIRE R, Ik,

M EEBIFIFHEATINE L, KRR —MHFIRMEAMONRLE, WTERNEHFR
£ BRI AL AN, MISIESAHES AT SIS EIAR A Z 1L ——Rie G, AT
UERRFELEIUERR—INFRARE, FEEEHNESEERAENNESFR: EENSE
FrEEBS LB INTT, FFEBMNSEMHAIESEEHER,

TERT-Thread SKRHRIER AT, ESRATEIERIM, LIZRRT-Thread P REAR
WERM, EdT —MESRITHETXAR, il T X/MESHENRESER. ER
WESERBERNREMNMNESR, EEBMMESMARATCARKIE, FERTBAEMLnux—#

BE&0IIHRR,

2.2 %izifAEzE

RT-Thread PIRMIVLIZIAERRETRALNEIRANIBE: ERATIRT PETLE
BRE. AR CHIER S RSB R LERETMIRBERHE G2, RAMEMERSERER]
e G, BELRREIEERES. RASHIF256MEKRO ~ 255, BUEM/NHIALTER
WS, OnmRSMER, 550EATHLRRER, —MAPTER, £ ERIRIEREAK
MREF, FJDMRESLIRMEAERRIZFSNEB2MIERNRARE), ERER, SHLL



2.2%% wiZiEEsE RT-Thread4rF2i57

SR IEMARESHNAIEMERN, SERERIZRRE, SMAREKRERSLERIE
7.

WNE LIZFRENTRBAT FTR, 7ERT-ThreadiAE AR, BT — M 256 ML
REAFIM AR A RRARZFFR2NMAER, MLXERR—NMEZ T32/MLERATIEY
#48), BNMUATETRERRMARERNRL, XLEREMRERITIRIEA— NG
WEHR, REMERERFRR—MRIABVI —Nidle&iz,

{lLsciy o#

{LoEeh 1# » EHFRA & —» - B |«
Y ;

{L5EiR 2% » B2 C

{LoEiR 2554 > IDLE

2.1: RIEFLEMTTREAT

FERTREATI#F2#H, FICABR =412 &FEA. &FEBILIEC, HTHIEA B
HMERLLIZCHE, FICALERAIECERENGTT, URBESFHALERAI#PREL
12 (ERFEE ) S AEERE T s FEI T,

—MRERFWRRAREEZ TEMERES S " KELERHSRRITHRE
=, BLEMATERLMIRMFRA. AAXNMERRSNEREENTRRE T HEHE
REEAMEY, fAIN—1Ea8n T MEESHNRER, MROURMLKEE, B2 6
B EEMNAX, T — M RELERERENKEFE SRR MA LK, SR
BEMELIZHEE I MAERATI R, RESERRFETHERTRBEFITH
BEERSMNARLRENIETHR, RT-ThreadWiZHRRATEFUENMEREE (KHEE
*EO(1), MNEMBELENZSLTX) , BIUENEMRENKFLLRRSILIE.

RT-Thread Rtz H th RITFEIZER MR RAVLIE, BEMTRNEIERARIEFLES
NHETIAE (BMRERRNSAER ) , HEFLHREENEINRAEPEESMLER
MEBLIEFENRBRATAEN, FINE LEMERTRAT BR, BAHRIREIZATILIZE
—RERAAVFEITHIRE A 5251210 HHRM7 AT, B4 KIEBIFELIZARRY
B LR (10T ) EA BT, BMRPELEARIEET, MLRATEITIE
B, BRIXEEHEANTRANRIR, MERLERTSAMERSERWEERT, BLLE
BREWEMARMARFEPMRELETRSHIMES L1817, S MEFERINEH R/NERATEL
EVIIR LR BRI ML IZ AT IR E

ERRT-ThreadiflE BB EIMEBRABMLARBRNAN, AMURKFHSLERAZR
fll, IAMRALAERHOATEZRER, B TRIERFHEIYE, RAERKZKATEMRIES
RARNEIEFUEIT, LREENRENR—EESRTLETHE, FELHNGITHLE
RARNTFRARATEPEIERSMAREY, TZHITLIENR (FRIESRIRFLT R
SEIRFE R B LE LRt IREPIRES )
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2.3 KIEEHIIR

LIREFIRRRERZATIEFILEN —MUBEN, ESTEREEN—LER, flw
RER, LEBHE, WESLESREZREEANNEREN, ZESEEHEES

7ERT-ThreadSEERHRER L, LIZIEHIRA LM Astruct rt_thread®RR, HIh—FC
TixHRrt_thread_t, RRIBEEZNDWE, ECBS PRI RIEREZIERIRIEH,
U E XIE R I AT AHE:

SARIRHIREM U TR

/* rt_thread_tZ&F2AAN, FEMLFEITHIEKFEET */
typedef struct rt_thread* rt_thread_t;

/*
* AR
*/
struct rt_thread
{
/* RT-ThreadtB X4 X */
char name[RT_NAME_MAX]; /* SHERINBIRY/
rt_uint8_t type; /* SR EZERL*/
rt_uint8_t flags; /* SRS E*/
#ifdef RT_USING_MODULE
void *module_id; /* BAEFTIERRRIRIDY/
#endif
rt_list_t list; /* SEGREER>/
rt_list_t tlist; /* BFREER>/

/* KFEETR D */

void* sp; /* BFEHIRRFEET/
void* entry; /* KFENA*/
void* parameter; /* SFRENASE/
void* stack_addr; /* SFEMMIE/
rt_uint16_t stack_size; /* BFERKINT/
rt_err_t error; /* LIRS/
rt_uint8_t stat; /* HFPRE ¥/

/* ARFRME R */
rt_uint8_t current_priority; /* YBIMILAS*/
rt_uint8_t init_priority; /* VAT L™/
#if RT_THREAD_PRIORITY_MAX > 32
rt_uint8_t number;
rt_uint8_t high_mask;
#endif

RT-Thread 3.0.0 5
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rt_uint32_t number_mask;

#if defined(RT_USING_EVENT)
/* FHAEFRIE */
rt_uint32_t event_set;
rt_uint8_t event_info;

#endif
rt_ubase_t init_tick; /* EFERIEtick*/
rt_ubase_t remaining_tick; /* HZFRERIEITRIRtick */

struct rt_timer thread_timer; /* ZfiiEifze*/

/* BEFRREE, FTEHITHIERRI */
void (*cleanup)(struct rt_thread *tid);
rt_uint32_t user_data; /* RPBEE*/

Hepinit_priority 242 BIRMIEERLIEM LR, ALEETIRIAPRIIWAETRN
(FRIEMPMITERRERIRBUHITFNRBLIZMER ) . cleanuphl 53IZRT-Thread 1.0.0
PISIARRG, ESELIZREEN, WidleLZE1E—XURITAFIRENBENIZET
. REMN— R Ruser_datar] HAF EE—LRIRERIARERIRE, BIRHENL
BEANERENEM, FIEIwIPLIERATHREER SFHRNERL,

2.4 Q&*EE’U(/L,\

KECTHIRES, —IHERIRTF-PEIEELERPIET, NEiTHEE L
7, GEBSMAANEITRE, WE1TE, FBITEF, ERT-ThreadSRRERER,
KIEESOMIRE, BERAASEIRBEESTHREAMMNSBAEEIIAZ. RT-Thread®
B RMLEIZIRSI T AR:

RE iR
RT_THREAD_INIT LIRVRIRES, HEAENFREIET AR TRFEFATFX

MIRE; EXMRET, &EFS5RE

RT_THREAD_SUSPEND EES, PHESR, LIFHRETERL: ErEEARERH
i FERE ST, TR DR —ERAT A MR iER, XK
BF, &EFS5HE

RT_THREAD_READY MDD, SIZIEAIEIT; HEEEETRILHAIERR

2 ERAIVRSMAERNMESLIZBT

RT_THREAD_RUNNING BITA, LREHMETET, ERZAZH, R
rt_thread_self)RREURBIMNEZLETXME; ESZEAR
FR RS AN BRI,

RT_THREAD_CLOSE HKIZERD, HEBEBTERMELETIMRE, MRS
1 XEASE5LENRE,

6 ® 2 jrhftesipy it



RT-Thread4rf2i5R7 2.5 SRR

RT-ThreadSERHEF R AR — RIFVIFFERFHAEZO, FEREAENRSEIAMR
B2 EREIMZHR, FIIN—MESHEREBRTHBE—HFR (FIANERrt_sem_take), M
AREHAEES, XOWNEA—MIMRHERET, RERATERSOITE, EHERRSG
BRERTHENNTR, SRIESHEEIIRRLNSNARLIEREE, NSERTHME
S, EREHMEITERIIRES,

TR BBV EE R R R U LR TR LIRE FT7R:
rt_thread_create/init

K
& &
& )
/
NS L
& 5
& rt_thread_delay

rt_sem_ta'kek
PUETTTT . rt_mutex_take
e " a
WERS ) v rt_event_recv
......... H-_maq_récv

rt_mb_recv
rt_mp_alloc
rt_thread_suspend
it
fr““z@ (€25

2.2: KIZFEIRE

£ 72181 8 A R 8 rt_thread_create/initi# AR ¥] 454K (RT_THREAD_INIT) ; Bi&
i U8 A &R £ rt_thread_startup i A B # 464A7S (RT_THREAD_READY) ; H&FRERZS
B £% T2 A rt_thread_delay, rt_sem_take, rt_mb_recv& A% Ek B T 3K BXA B %2R A,
193t NEIHE#E RS (RT_THREAD_SUSPEND ) ; &b FHEENRSHEE, MREFFERKA
REXSARIHTHMLEBRRTRR, BLAEBROEZMERS, EERSNS
12, WMRBAArt_thread_delete/detachi§E ik Jo X FIKZA (RT_THREAD_CLOSE ) ; MiE{T
KENLEE, MRGTERKELERE I MITri_thread_exit BB E b X AKS
( RT_THREAD_CLOSE) ,

2.5 FTHETE

TNEIERRRLIET—MEREKRNLRE, ERERENNER, SRFERLTHME
EeEiTh, IESRFIEERZENETE. SREREER— RN, KT,

RT-ThreadSKEFRFR RN ZMARREM THFRE (BFEY: BFEH#N—EBR
B, FRARBTHR-—BRLRE—1EF, SRELIXMIEN, EMRITINH
FERY, ARBREZNEWEEREZL), AIMLRAREZANRERIT-EHENT
5, PINRFRTITIRRATINNGE, BREES, RTIHAWFEE, RT-ThreadthiE4IEEE
(rt_thread->cleanup[EliBE&EN ) RiEX. EIEMEEMIRINERE TE=RNEEF (ERFRE
B, NRBLEMWRSHXRARSTBEERREE) .
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2.6 FHEEMEXEO

2.6.1 EEB/YRML

ERRBNNFERITIEROVAL, UNRERREERAIN - L2ETE. 1§
ERVRL AT NRR FEARSE,

void rt_system_scheduler_init(void);

giErse
RS
FP e
RETiBF
F S

262 BoliEE=S
ERATHVIRCEIIIREIE— &2, IR TEARSED,

void rt_system_scheduler_start(void);

FHAXNEREE, ERERRATMAERESHMESLE, RARIRIENT. 5
HNMEIRRXANEREET, DA MidleXiZMHIAL, BMRIERAEDVEBIKE —MREIRT
MEIENIT, LERBRKEARIRE,

KiERE

ez

R fITE

Ae] 1A

RS

p
BRI ZSR ]

oH &

2.6.3 HITIRE
IHBESRRT—RERENEET R TEWEKED,

void rt_schedule(void);
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WARXNMRREE, RASUHE—RRRTMESHLE, IRFELLSMELEESMNE
REVELIERT, RAEFRISMERNLIES, LENAREF —MRAFZRAX R,

ZiER=2

ZE

R FE

< E: ERERS IR B ERAXRE, MRBEESIRNOFSF, ERIERT
AT R B ENIREINESM AR EE, ERHRSFIEGEREENITELE
RILRTE E R XXtk (BNRRTRRVAIE E T XXtk ) , RENIRE BIR&IES,

264 ZEIHEREF

EBNRFNEITHR, RABATEIRET. REML-MEPE, tiREIEHLEE,
EERLREEMNIRERER, HEHRAN L TXNRERATEETENSEM., BRAFT]
RESBMEE—MNZLRET T ANLRER, PJTNETIEA TEMNRRZEDIRE—ME
MEVtFRRE, ERJEIRRNIRE, XN FRBIFRIEA:

void rt_scheduler_sethook(void (*hook)(struct rt_thread* from, struct rt_thread* to));

XABRATFIEAPRAENhkER GBI FHBEBNTH, HRHET LTI
BT, X ook R WA AR,

BRRS

R

T

A8

EHEH

251 iR

hook RN P E X F R ETE T ;

X NhookeR ERRI RN T

void hook(struct rt_thread* from, struct rt_thread* to);

ZiER:
23
R FE
AlEA

RT-Thread 3.0.0 9



2,77 &FEMEXEO

RT-Thread4rF2i57

EREI S
2 R
from RINAFABRIR LT IZHIRIB
to RRR B ERE R LTI GRS
BRI ZSR ]
7z

< E BIFRARSMRIH TR, HENMERRAIERSRBINRFETALERS (XD
WFERHH, EFLEARITRARAAPI, EANZERHISITH LI ERE) .

2.7 ZiEMAXENO

2.7.1 IE6IE

—MEREN R THITII R MO T RIRIERANAZRAERIE (WIHL ) —1MEIE
fIAA, FTRAEIT AN T MR E LRI — TS,

rt_thread_t rt_thread_create(const char* name,

void (*entry)(void* parameter), void* parameter,
rt_uint32_t stack_size,
rt_uint8_t priority, rt_uint32_t tick);

WAXNRBE, RASNNSERFRDE—MELIZFAR (BITCB, KIZIEHIR)
URIZBSHPEENER/NANSERFR O ERENMZE, SREROKZEZRZRE
rtconfig. nFEZ BAYRT_ALIGN_SIZEA 3435,

“iERe
=2
FREf 2
RET{HF
RS
S8 iR
name KIEMBM; LIEBMHNRAKEHRHrtconfighfE X8
RT_NAME_MAXZIEE, ZREPHNSWEhERE,
entry ZREAORY
parameter ZREAODRBSE;
stack_size ZREZEXNND, BARFT, EASRAZTFTEMIEZT BT
35 (BIANIARMA RSP B E@MAFHHIUITTT ) .
priority LREMNER, RESTRERBRAEEE N (rtconfig.hHaY

10

RT_THREAD_PRIORITY_MAXZEX ) , MRLZHIIR 2565k
%, BLSEEIZM0 ~ 255, FEMIMELELHS, ORRESHTH
S, RT-Thread 3.0.0



RT-Thread4§72 157 27% HEEXED

tick LZIEMRTE A K/, BEEA (tick) RIBRAIRIRIERARIRT ¢975
H, HRFEPFEBRMRERLRENR, INMSEIEELE—XIA
EBREBEITHNRARERKE, XMEHFIEITEREN, BERE
EE T — I HMESHEM A REEHITIET.

BRI ZSR ]
B INIR B LFE I ; BMREIRT_NULL,

CE BE—ANEENRZER)D, B—EFSALBNER, ERT-Threadd, s
BE—MHEMAEEE, BIINEE A/ F}102452048, SASTEFINSH shell FidiT
list_thread )<L BBLRGITIIEPREREMERMNZNX/), BILttmS, EBE
BINEIZEMEITEY, EIHAINZIS, SEFEAMNKRKIERE, NAMEUREKRZIE
FIRNF IO AELR),

T EZGI IR — NN AR :

/*

* RFIER AT

* EMREFROBN2AshELFE

* ENHALRNACRE, MRRER
* (ERENWALSHAHEE

*/

#include <rtthread.h>

#define THREAD_PRIORITY 25
#define THREAD_STACK_SIZE 512
#tdefine THREAD_TIMESLICE 5

/* TEMEFTIEHIRANTEST */
static rt_thread_t tid1
static rt_thread_t tid2
/* BFENA X/

static void thread_entry(void* parameter)

RT_NULL;
RT_NULL;

{
rt_uint32_t count = 0;
rt_uint32_t no = (rt_uint32_t) parameter; /* #i/SZF2IN 1550 */
while (1)
{
/* FTENSFETEUEML */
rt_kprintf("thread%d count: %d\n", no, count ++);
/* {RRK104N0S Tick */
rt_thread_delay(10);
}
}

RT-Thread 3.0.0 11
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/* AFRMAAL */
int rt_application_init()
{
/* BIELFET */
tid1 = rt_thread_create("t1",
thread_entry, (void*)1, /* £ )\ [ 2thread entry, ALIZ%ET */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid1 != RT_NULL)
rt_thread_startup(tidl);
else
return -1;

/* BIELFE2 */
tid2 = rt_thread_create("t2",
thread_entry, (void*)2, /* ZFE A\ [0 Zthread_entry, AOZ%ZE2 */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid2 != RT_NULL)
rt_thread_startup(tid2);
else
return -1;

return 0;

}

2.7.2 SRR

W F—LEfEMArt_thread_create B2 HRAVLTE, SAFEMEM, HEGITHER,
=] AER T EERREORARAEPIELIE T2 HIFRE:

rt_err_t rt_thread_delete(rt_thread_t thread);

WRZERE, SENKRBEIBRBHLENRIIABNART REEFZRMIR, %
BORMNERZEEIWENR, RONZEAREFRTEMNRAESE. XFLE, B
rt_thread_deletes® 2Rz O, NRBICANMAILLIZIRSE X AIRT_THREAD_CLOSEAR
5, ABRMAEZIrt_thread_defunctfAZIH; MEIEFIMBRENME (FFMLEIZIEHIRFERKRLIZ
%) FERE T —XTidle& 20, HidleX M REINATEMIRENE, Art_thread_init
VIR RIERSLLAZ N AN BEE AR b 12 T PR

ZiER:

TE

R FE

QRG]

RS

»

S8 iR

\
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thread ERFREVZIZDNRE;

RIBGR [
R[EIRT_EOK

s E BLEBITRER, BAMERNEBAT, RAcBilkRERE, F1FTEBEA
rt_thread_delete(E&EN, IMEORNNALESSRIFAUNKREIERS, —R
R e B fth 4752 18 A7 E i 23 B R R B I A,

XARBNEERE T RANSHER A B (BIRT_USING_HEAPZEXEZREXT ) .
TEE-MHERERRNGF, MTRE:

/*

* RS . BRLAR

* INMIFLBERANEIE, E— LR B —EFE
*/

#include <rtthread.h>

#define THREAD_PRIORITY 25
#idefine THREAD_STACK_SIZE 512
#tdefine THREAD_TIMESLICE 5
/*

* ZFEMIER (rt_thread_delete) ER¥{UEETINELFE, AT HE—EFE
* hijifa) B—AMEFERETEIER, USRS R RS RIS
* Fila)

*/

static rt_thread_t tid1 = RT_NULL, tid2 = RT_NULL;

/* LIV RS */
static void thread1_entry(void* parameter)

{
rt_uint32_t count = 0;
while (1)
{
/* BFEVXBRMESETT, —EITEMTEE */
rt_kprintf("thread count: %d\n", count ++);
}
}

/* BFR2ONE KT */
static void thread2_entry(void* parameter)

{

RT-Thread 3.0.0 13



2,77 &FEMEXEO RT-Thread4mF215/

/* SRMRBERESIMEE, IS SRR ITMRGIIT */

/* EF22/550 /5 SchEIR104N0S Tick */
rt_thread_delay(10);

/*

* LRRARRE R ERMIRARRT, BREFE R, LRR183REMELSTE
* BA%

*/

rt_thread delete(tid1);
tid1 = RT_NULL;

/*

* SFEUREARART0N0S TickRFIRE, LFEUAIRENYI#EidleLkFE
* 1dle&FEE P TR IERIEIE 1S HIRFSFZAA MR

*/

rt_thread_delay(10);

/*
* LRRVEITA R AR B SR (SAE IR AN AAE A MK A 1d ek
* FEPRIL)
*/

tid2 = RT_NULL;

/* AR */
int rt_application_init()
{
/* BUEREFET */
tid1 = rt_thread_create("t1", /* &1L FELT */
thread1_entry, RT_NULL, /* A[JZthreadl_entry, Z#¥CERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid1 != RT_NULL) /* Zn5RGRASEFESIER, FEahxA2is */
rt_thread_startup(tidl);
else
return -1;

/* BIEREFET */

tid2 = rt_thread_create("t2", /* &2 &LWREL] */
thread2_entry, RT_NULL, /* A[OZthread2_entry, Z#¥CERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY - 1, THREAD_TIMESLICE);

if (tid2 != RT_NULL) /* #niRERfSEFzistlih, JEahix/ 2z */
rt_thread_startup(tid2);

else
return -1;

14 RT-Thread 3.0.0
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return 0;

}

2.7.3 ZENRNK
LIZHIYIRL R CAE R T ERYR BRI O STRL :

rt_err_t rt_thread_init(struct rt_thread* thread,
const char* name,
void (*entry)(void* parameter), void* parameter,
void* stack_start, rt_uint32_t stack_size,
rt_uint8_t priority, rt_uint32_t tick);

rt_thread_inittRFFAKRYA L ERSEIEN R, MLEREOWR (REHLIZTHIRET ) ,
KIEHA RN, BSKIERE, LRERMIR, 4BECITHR—REBRENLELE, &F
IENMBRABE. BWOELE, ARAARIBSHNERNEZE, FEIBNZE, AFREHANK
BitUEMARANTT (HIWNARM EEEMAFHNTT) .

ZERe
Ze
FRlf T2
QRG]
RS
5 iR
thread KIEAW, LIEOMBAFREMLER, HIERINAYLIZEFIR
RTFHE,
name HKIZMBM; LREBMIRAXKERrtconfig.hARE XY
RT_NAME_MAXZHETE, BRENWEhEE,
entry ZREAORL
parameter ZREAODRBSE;
stack_start LIzt Attt ;

stack_size

priority

tick

ZEEX/)N, BARFT., EASHAAPFEMET @MUY
3% (GISIARMIK R EM P B EEAF AT )
LREMNER, RESTERIBRAEERE R (rtconfig.hHaY
RT_THREAD_PRIORITY MAXZRE X ) , WMIRZHHMIZ256% (1 5%
&, BRASUEIRMO ~ 255, BEM/MALRMS, ORRESMN
R,

LIZRIRTE A K/, BFEE (tick ) BB RIRIE R BRIAT $hTS
A, éi%éﬁqﬂrﬁﬁﬂﬁf‘m%ﬁﬁ XNSBIEELIE— KR
EREBTITHNRANEKE, X MEFIZITERE, AERE
ERE T —Ek ﬁluﬂ"]ﬂfjtﬁ:ﬂéihLﬁJ:ﬁo
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BRIHGR O]
iR[E{E: JR[ERT_EOK;
THEHAH —MEFEREHEIF, WNTRE:

/*
* BBRFER VAN ERSETE
*
* XNMEFSVIAN2NEEESETE, BIRERRMACOERLE, ESHAMEE
*
/
#include <rtthread.h>

#define THREAD_PRIORITY 25
#idefine THREAD_STACK_SIZE 512
#idefine THREAD_TIMESLICE 5

/* BFRVTHIBR >/

static struct rt_thread threadl;

/* KFER */

ALIGN(4)

static rt_uint8_t threadl1_stack[THREAD STACK_SIZE];
/* SFEATHER */

static struct rt_thread thread2;

/* SRR */

ALIGN(4)

static rt_uint8_t thread2 stack[THREAD STACK SIZE];

/* BFEANO */
static void thread_entry(void* parameter)

{
rt_uint32_t count = 0;
rt_uint32_t no = (rt_uint32_t) parameter; /* /S IERAMI I Z%0L */
while (1)
{
/* FTENSFEHEEE */
rt_kprintf("thread%d count: %d\n", no, count ++);
/* {RAR104N0S Tick */
rt_thread_delay(10);
}
}

/* RFRNAAO */
int rt_application_init()

{

rt_err_t result;

16 RT-Thread 3.0.0
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/* WA EFET */

result = rt_thread_init(&thread1, "t1", /* Z8524 @ t1 */
thread_entry, (void*)1, /* Z&FEMIALZthread entry, ALOZ%HET */
&threadl_stack[0], sizeof(threadl stack), /* £:F24% 2 threadl stack */
THREAD_PRIORITY, 10);

if (result == RT_EOK) /* Z05RIR[EIEAf, JEahzdzl */
rt_thread_startup(&thread?);

else
return -1;

/* MR EFE2 */

result = rt_thread_init(&thread2, "t2", /* Z7%4 . t2 */
thread_entry, (void*)2, /* Z&F2F A Ethread_entry, ANOZ¥E2 */
&thread2_stack[0], sizeof(thread2 stack), /* ZiiiftZthread? stack */
THREAD_PRIORITY + 1, 10);

if (result == RT_EOK) /* ZnSRik[a|iFhf, Jazhekds2 */
rt_thread_startup(&thread2);

else
return -1;

return 0;

274 HIEHRES

LIEN B EEAIENRELEANINFTIAZ REIR S HMIRR, SEREERATEAE
.

rt_err_t rt_thread_detach (rt_thread_t thread);

ZiERE
oy
R fITE
QIRGEE

W
&
i
Bt

thread LIZOHE, EMIZEHrt_thread initiF{THIIAL B IE O,

BRIFR O]
iR[BIRT_EOK

o SE XAPNERBEOZMrt_thread_delete() R ZNAEI NZEY, rt_thread_delete()EREURIE

RT-Thread 3.0.0 17
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BI3H & 2rt_thread_create()BIERIANE, Mrt_thread_detach()RFBURIEIIRZ2EA
rt_thread_init) RV R HVLIZIZHIIR, B, KEEABANIARXMEORBLIE
xg,

KRB FUNTAR:

/*
* RSN SRR
*
* XNMIFEBERANRIE(L1FIL2), 2Pt 1 TR S8k
* tIREEEAEET, REMERCAVIARS
*
/
#include <rtthread.h>
#include "tc_comm.h"

/* SRRV */

static struct rt_thread threadl;

/* HFEVR */

static rt_uint8_t threadl_stack[THREAD_STACK_SIZE];
/* BFEUTHBR */

static struct rt_thread thread2;

/* HFER */

static rt_uint8_t thread2_stack[THREAD_STACK_SIZE];

/* &R */
static void thread1_entry(void* parameter)

{
rt_uint32_t count = 0;
while (1)
{
/* BREVXARMESETT, —EITEMTEE */
rt_kprintf("thread count: %d\n", count ++);
}
}

/* &FEAL */
static void thread2_entry(void* parameter)
{
/* BRMWPBERSHRELR, DISERBIMRSHIT */

/* £F22 33N e ScHERK104N0S Tick */
rt_thread_delay(10);

/*
* SRR R ERPUTERR IS, SFE VR MNELSFEINS )+ ik
*/

18 RT-Thread 3.0.0
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rt_thread_detach(&thread1);

/*
* SFEVREARAR100S TickSR/FIRML
*/

rt_thread_delay(10);

/*
* BRUEITER AR BRI AT T RIER, FFUEAFENT
*/

int rt_application_init(void)
rt_err_t result;

/* PRAHEFET */

result = rt_thread_init(&threadl, "t1", /* Z&i24 . t1 */
thread1_entry, /* KRR L Ethreadl_entr */
RT_NULL, /* NOSEERT_NULL*/
&thread1_stack[0], /* Zif84LEthread] stack */
sizeof(thread1_stack),
THREAD_PRIORITY, 10);

if (result == RT_EOK) /* 4nSRiR[alFRf, JBEhzefs1 */
rt_thread_startup(&thread?);

/* WIaEFE2 */

result = rt_thread_init(&thread2, "t2", /* L5584 @ t2 */
thread2_entry, /* KFEMNLO Ethread2_entry */
RT_NULL, /* NOSHCERT_NULL*/
&thread2_stack[0], /* ZfiikEthread2 stack */
sizeof(thread2_stack),
THREAD_PRIORITY - 1, 10);

if (result == RT_EOK) /* Zn5Rik[a|Fhf, Jazhekdz2 */
rt_thread_startup(&thread?);

return 0;

275 SRR
BIE (¥iaft ) HLRENRIVRSE TGS, FREAMBELIZMIRET, AT
PAVR A T ERVR IR O B — Mk

rt_err_t rt_thread_startup(rt_thread_t thread);

RT-Thread 3.0.0 19
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HIEAXNRAN, FEARNIRSENAMERT, FREBRA LRI PEEE
E. MRFENILIZNARELRLIZNERS, BIALIREIXNEIE,

ZiER=2

ZE

R FE

QRG]

RS

\}t

S8 iR

thread LI AN,

BRIFR O]
iR[EIRT_EOK

2.7.6 HE1%1E

EREFIEITEER, HERN—ERREATEIRSNEERIT, ERITHRER]ED
T EERRE RS S RIMITHERR O,

rt_thread_t rt_thread_self(void);

ZiERE
T2
FRBR TS
QIRGLE
RIS

\}t

28 iR

thread L2 A,

ERZHR ]
IREIHEHEITHAIEDW, MRIFAESRTARRBE, 18IREIRT_NULL,

« JE: BAEGEPRRSEFFIABLLEL, EAEHNEEMKREIRINMITERE.
HiAE KRBT, XMEOIREIRT_NULL
2.7.7 LFEiLHALIEEE

HAIZIZMAS B/ AR E R AR B EKILLAEE TR, EXBSBEAESE, 1/
ERZEFEEMTRN T —NEIENT. AREAXMEOR, XMNEERDAERLET
B, SIRILHAIRERER TEASRHED:

rt_err_t rt_thread_yield(void);

20 RT-Thread 3.0.0
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277 &IEMAXEO

WAZERE, HR4EETIEECNERENMEMLTRETENIIFHER, AFIER
CHEIXMLUERAIIERMES, ARMERERATEAIE L TR (ARIRMLER

RBEX IR, WXMERRBRENIT, NFETLETXUNRNE) .

“Kizke
TE
FREffITE

SRR H AR RS FIN TR

/*
* FEFFER AR ARG

*EXAMBITF, AR ERNARANETE, EfiSEdrrt_thread_yield

* FOIEA IS E LA X A TR T,
*/

#include <rtthread.h>

#include "tc_comm.h"

/* FEESFHTHIRNTEST */
static rt_thread_t tid1 = RT_NULL;
static rt_thread_t tid2 = RT_NULL;
/* SFIAO ¥/
static void thread1_entry(void* parameter)
{
rt_uint32_t count = 0;

while (1)
{
/* FTENLFR T */

rt_kprintf("threadl: count = %d\n", count ++);

/* PATyieldFROXYI#Ethread2fT */
rt_thread_yield();

/* &FE2AO */
static void thread2_entry(void* parameter)

{
rt_uint32_t count = 0;

while (1)
{

RT-Thread 3.0.0
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/* FTENSFL2005 L */
rt_kprintf("thread2: count = %d\n", count ++);

/* PTyieldFN AV Ethread$4T */
rt_thread_yield();

int rt_application_init(void)

{
/* BIFREFET */
tid1 = rt_thread_create("thread",
thread1_entry, /* KRN Rthreadl_entry */
RT_NULL, /* NOSHCERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid1 != RT_NULL)
rt_thread_startup(tidl);
/* BIELFE2 */
tid2 = rt_thread_create("thread",
thread2_entry, /* HFRENORthread2_entry */
RT_NULL, /* NOSHCERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid2 != RT_NULL)
rt_thread_startup(tid2);
return 0;
}

* iE: rt_thread_yield()E ¥ Hrt_schedule OB ILHMER, EEBHRMKLEROE
MESLIEFERN, RANTHATEAR—H, MITrt_thread_yieldOB®E, =
RILIZR IR, BEMARN T —MRELIBREMIT, MMAITrt_schedule( VR
&, HRIEREARN—ERKRE, NERGRY, BRSWHEIMELIZIERMES, m
REAZTENMENLERRSHEERTT (WRAFZFRBILIMLREMLLRE
SIEIEREE, BARITRrt_schedule(V R G, RAEBRERITHRILIE) .

2.7.8 LRIZEEAR

ESRFRN AR, BNENFRILEITHERMAREEIR -6, EREENREEARE
E1T, XFAUM “EIZEERRT . SIREERREIEANUTMmAREO:

rt_err_t rt_thread_sleep(rt_tick_t tick);
rt_err_t rt_thread_delay(rt_tick_t tick);

XEANERREONERER, ERTITRIAESmL&iRET —RIEEME, =X
BEE, 4ESWREABRXEAMENRS, IPRBUIEZ IS, ZSRIEETLED

22 RT-Thread 3.0.0
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{RRERYE] ( AR OS TickBt ¥t ) o
HKiERe
TE
FREffIFE
=] A
RIS

28 fHir

tick LLIZREARAVAY (E],

BRI SR @]
IR[ERT_EOK

2,79 HiFHEE

L2 Art_thread_delay, (A& EMER, HiFArt_sem_take, rt_mb_recv
FZRPE, BEAAERHEERIARLEEER, ATEERSHERE, IRESHENER
B (BIHEIRENSENE) , BLAZEERABEGILERE, HREZFERS; X
&, SHESEBRNEZEEMESGNREN, ZERHRREZIFMERS.,

SEEEEATENRSEO:

rt_err_t rt_thread_suspend (rt_thread_t thread);

ZiER=2
ZE

R FE
QRG]
RS

\Sft

28 iR

thread LI EINA,

PREHR O]
WMRXNMNEIRIVREH AR MBI, ¥8IRE]-RT_ERROR, B NMIREIRT_EOK

«E: BEANZERAXNRBRELEZIERS, NRHLEFEZRXArt_thread_suspend
REIEREAMES, TETIFArt_thread_suspend()ek £ g 32 Z)1BFrt_schedule()E
BOHITFENIVETE LT XX,

KIRHENMIFIT:
/*
5 O £ 57

*

RT-Thread 3.0.0 23
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* XAMIF R IR SR (L1F1t2)

* (RN LR E R E RN e —EIFE80E1T

* SRR EIE 27— E N Z S MR H R R R A
*/
#include <rtthread.h>
#include "tc_comm.h"

/* TEMEFEITHIRANTEST */
static rt_thread_t tid1 = RT_NULL;
static rt_thread_t tid2 = RT_NULL;
/* BFEIAL ¥/
static void thread1_entry(void* parameter)
{
rt_uint32_t count = 0;

while (1)
{
/* BRIXAERMESKZTT, —BEFTENTEE */

rt_kprintf("thread count: %d\n", count ++);

/* ZFE2AO ¥/
static void thread2_entry(void* parameter)

{
/* HERFT10N0S Tick */
rt_thread_delay(10);

/* FERERFET */
rt_thread_suspend(tid1);

/* FERF1040S Tick */
rt_thread_delay(10);

/* LFL28FIRE ¥/

int rt_application_init(void)

/* BIREFE */

tid1 = rt_thread_create("t1",
thread1_entry, /* 272 \[]Ethreadl _entry */
RT_NULL, /* NASEERT_NULL */

THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE),

if (tid1 != RT_NULL)

24 RT-Thread 3.0.0
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rt_thread_startup(tidl);

/* BIEEFE2 */
tid2 = rt_thread_create("t2",

thread2_entry, /* ZFE )\ [Zthread2 entry */

RT_NULL, /* NOSHCERT_NULL */

THREAD_STACK_SIZE, THREAD_PRIORITY - 1, THREAD_TIMESLICE);
if (tid2 != RT_NULL)

rt_thread_startup(tid2);

return 0;

2.7.10 ZiEWRE

LEMEMBILEENEBEENHAMBIRS, NRBEMEXIZEMEMAETLEIER,
NFRSMEAERERNE (I, BLRBEHITEIE L TXXWR, KEMREFER TEAXE
BEO:

rt_err_t rt_thread_resume (rt_thread_t thread);

KiERE
TE
FREffITE
QIRGEE

o in

thread EREMEIZANR,

R ]

MR E HEIRIRSFH A ERT_THREAD_SUSPENDIAZ, ¥4iR[E]-RT_ERROR; MR []
RT_EOK,

KIERE G FINTRBAR:

/*

* RIS . MRERLRTE

* XA F RIS S AL (L1H01t2),

* RSN KERE S

* SR EFE 2B —E % e B R AL AR T2
*/
#include <rtthread.h>
#include "tc_comm.h"

RT-Thread 3.0.0 25
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/* FEMESFEIEHIRATEST */

static rt_thread_t tid1 = RT_NULL;

static rt_thread_t tid2 = RT_NULL;

/* SFEIAA */

static void thread1_entry(void* parameter)

{

/* ARUIREFR N T IaE1T */
rt_kprintf("threadl startup%d\n");

/* FHERBS */

rt_kprintf("suspend thread self\n");
rt_thread_suspend(tid1);

/* EFPITEIBFE */
rt_schedule();

/* BEFE1HE AR */
rt_kprintf("threadl resumed\n");

/* &F22NA */
static void thread2_entry(void* parameter)

{

int

26

/* FERF104N0S Tick */
rt_thread_delay(10);

/* MRRLRFET */
rt_thread_resume(tid1);

/* HERFT104N0S Tick */
rt_thread_delay(10);

/* BFRLIETNRE */

rt_application_init(void)

/* BIEREFET */
tid1 = rt_thread_create("t1",

thread1_entry, /* HFENORthreadl_entry */
RT_NULL, /* NASEERT_NULL */

THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid1 != RT_NULL)
rt_thread_startup(tid1);

RT-Thread 3.0.0
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* BIEREFE2 */

tid2 = rt_thread_create("t2",
thread2_entry, /* KFENOZEthread2_entry */
RT_NULL, /* NOSEERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY - 1,
THREAD_TIMESLICE);

if (tid2 != RT_NULL)
rt_thread_startup(tid2);

return 0;

2711 iR
SEEWEEHT - LEEMERIR, FINSERLENMRER, TUIERMTRRE

rt_err_t rt_thread_control(rt_thread_t thread, rt_uint8_t cmd, void* arg);

“®iETe

=z

FRET {572

B]iEF

RIS
S8 A

thread LLIZAHA

cmd EBriEhasS
arg EHISH

BERIEHERLcmd ST GRS BE

« RT_THREAD_CTRL_CHANGE_PRIORITY - SIS E T2 R 55 4% ;
* RT_THREAD_CTRL_STARTUP - A¥8iE1T—1N&#2, FRTFrt_thread_startup()

RIEEF;
* RT_THREAD_CTRL_CLOSE - X Hl—/ %72, &R TFrt_thread_delete()EEK i
.
R ER ]

EEIMITIEMIREIRT_EOK, ZAM3REIRT_ERROR,

2,712 ¥R HREE

RIBRIEINER, RABITY
VAt = mLiE:

—

TREFPUNFE—MRETIBITHSLE, TIERAMTER
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void rt_thread_idle_init(void);

ZRERE
ez
FERfIFE
Ae]iE A
RS
x

BRI ZSR []
x

2713 RETZHEIEWT
AR TRIERL, REZHLIRTITRNITHE TR,

void rt_thread_idle_sethook(void (*hook)(void));

HENEREBITNSENNITIRENBNFRY, BTTRALEEFTRANREME
&, FURBETANEETSRITHBEFRR, SRERER—IMEERSKENLE
SR, BRENHFREVARIEITAEETEFANZBASLTFELERS, Fl0
rt_thread_delay() , rt_sem_take() Eo] e SR IEIERAIRLIE T BEER,

“izk2

L2
A 5152
NGIRTE):!
RS
S8 R
hook RERHFEL
BRIHLR O]
7

2.8 LRIFIRIT
281 BFEETLETX

RART-Thread IR R4, EFEITRESRE/LMER, BXLMEEM TIEFRIZ

TRLETXRE, SEFREMINANESCHESNEFLATAMKESH, NFREFPMIZE
“ﬁz SIFIEEBEW T A

RT-Thread i 2FEiTRI L T X BIE:

« FRBTARSSBIFE;
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- LiELIE
© TIHEIE

Rl EES A E

FIN&IERRT-Thread R AFS B EM TIFHITR BNEANRRLIE, FLRERE
HidleZFEHF AN, FidleXE EWABCHINERERR, BEXNZHLIZH FREB TN
—LEERSMASTRTORE, BIINARFTITIRSHIER, RAEBHRENE,

PR T ZRLIZH®F, RT-Thread RAXIEidleZIZRAF—LEMAIINEE, LEMHREM
FR— &R ISEIRRITERN, RETEREERSHIFEERS, RAREA—
EFBAIIH, EENAAF RO TIFEdleLIZSTM, I, WTFER&EHTF LEEN
BF, ENiZ:

« RaHitidleskis;
© NRZPEATEEW, BEBELISNEATRAALIEEFELRENRARIRDU,

FRif AR S5 T2

PEFAR S FIIER —MEERIERM LN SOME, EETEIREENRITIMET (—KR
ASF B —FERIEITEDN (FIED) ), XD LSRR EE(E AT S pl 42
BfF, RAAIREREANTE, RITHXNEFIBEMN:

Function[abc_func] shall not used in ISR

BIFTENE R (EHabc_funcEi BRI FEIARS PIFERIRARIEL ) . BINFEERE
EME, PHRSEFRFFRHEESE)D, BATHRSE —MESTERALRENTE

BTz

EELEEWRBEMTARGEFATHRESR, WFABERNZRIEEHAIMUMIT, B2 —
MERRGE, —MUERBROSR RS, MR- NEEFREFNIT T EREIMEE, B2
EEEMERBMLIZEIF RNEBFEIMIT, SABBETidleLIE, INMRAESKIRIFRR
RLTLEZRI— =,

282 HZIERITER

EFXRAFNETPRIY, INRAASBEZ—MRNNRL, WaNRMRIMNEEH,
HHMEMEENITIRENTFAT. FUENRARHITLRERITEN, FEZERE:

LTSGR

WFILFRE, EAXFEEREENRITHRERMT 4. TIFRESTFRTERIZERE
SMES, REEBESHE —EHTAIE, NERIRN S FHTAIE, FINRERESA4N
SeIE: HEERALT, BEFARATEARS FIFRER™ERT-Thread/GUIFTERMBES
, AREPRSARETICERZLBNALTE; BRESTM32 Radiod, BTEHHIR
fll, RAFEZETENRBIVIAT, BIAGEBERIRSH L FXHRNIT, FACANMBIRTRE
—Mkey&FERAIRIRE,

HKIRMIRSIE

XERPRSHKTENRLESITHRESHRMN, NESITEIEES, IHR%E—
BRIIRTT R — AR RIIR S, MR —ANLERBHMAESTMERES, BoaFmE iR
RARLIZNIMIT. FIUERITEAREIRTE, BMMNZRIELEENERNRE, BIEHe
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2R, MATREEBENLHAIERFR, FAZEEBRS, IFZRITEERITERENINE
FEBRERVAE T AB R T EEILLAIEMNMESIKITRIBEDS,

KIEBITREKE

KRBT EREREX , EEEAXON—MEHRSHEAFMERTT, LIEh
FEESHKENMESHITIREN T, BIMESIKT HPEZESRFZAE 6] (—ARIE R0
LIXERRS B, IMEIERNSBRECLEFMIESHNERFYN ) . LIBETREKERILIE
HMFRIRTEIER, R tREERITIIRRRE BT B NI SER MO HIFET,

g0, SFEHANNEIARS%IETa, RAZKRISERIGNIEIRZ1ms, MTal&RXE
{TET B 2500us, UEAY, RAFEFEEUSOMS HERK S —Z&IETh, ESRIEITHEX
BB ER100us, AEXMIEAT, BMEIELIZETOMLARIGEILLTaESHMUE, WREHN
SERS R AR IR T A (E ABEMEAETaRZITIEIER, Thieh TTalR IR, EEMEN
BtEIR(1ms), TatlBEMBTERUITSEAFARINAL ) ,
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3.1 EREEIE

ERTEE, RIBEMBENNZIFIG, 20— NMEERE, ARME—1FHF, EZOUE
B {REESE _ REEHSIEATHCIR, ER I B ER BN ERE 25 :

c BEENBRRCHASRHENWENTIE, —REHIIBRIRERSGTHBART, &
FEaRERRER—AEEESFE, BREGAA, HARERBEGSH PEES
BRFTAERT AT, B ERBIBE—RES, TARNRLR, FERPEMA
VFEA

c MEENBZRFFRFREN—LZFED (RR) , EHEEEGTERBIEMZ
L, ERFEBRHEAZHBMRGIFIER RS,

HERIERSGR, BERGENSBURA T (tick) AEAL, TWHKERNZEHAMLE
4 E B 23 FR FPBTE R B PRET EHK B, X ANE IR E R Bt 2 DIRER AR, G
ER BN TRNEKERREAM, HENNEXNHHEMNERE, FlWTAK10ms, 3B
4 FERGERBEEEER10ms, 20ms, 100msE, MABEEYEF15ms, BFDHHENXT
RARENBREBDWNEHE, RATURELMRAZCPURILIZEEENFIEN R KIZE
BEMME, tickEIREW/), BEMS, ERZEAHOBEX (F1VPRALHETLE
BT PR BTADR B thFA#E ) . RT-Thread WER SR ETRUNRGTHE, BETETHHE
BRENEREES,

RT-ThreadRYE B 2312 (i I S E B 2 ML 1«
MERESMA —XENBEEN, AEENEEN
BREEMMMAL TR EESY, BERFPFIN

T E MU —NEFRER KRR 15 BART-Thread
ENBEIERPEFERNEENLERE:

X

g Spe
—Z<

Xk
Pl

BRMAERNSS, XREMBER
o BRZREHAMAERE, XEER
AR S MR KITFHEMIT &

2RV E A TIEREIE, 7ERT-Thread

5 M

by

5
Rl
"

P
I

f

+ UBTRGRSHICKRTIErt_tick ( LFEHFRER B APMIRIGES, ©IEI1) ;
+ ERSEREETRC timer_list, RVHTQUERIEMIEN R BHAD R R BE LA BRT RS (B HE R 07T 2
& AZrt_timer_listi§R,

W EEFTR, RGHRtick{ERN20, EHRIRAAPEZCEH BN T=1EME, 77!
7= I BB 8] J9 50 tickByTimer 1, 1004 MtickBITimer2#1500/MtickBITimer3, X =ANERY 23
SR ERF L FIRTE]rt_tick = 20, A/NBIKHEFEEEErt _timer_listiRP, Al LE
Fir7/RR E B B3 R AR 4544,
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rt_timer_list: RETEMRRREER Tk

timer #1 timer #2 timer #3
timeout = 70 timeout = 120 timeout = 520

LTRSS ot _tick =20

3.1: ERERHER

mrt_ticklEEEH TR BB A —BEEK (8 KEGERZBFERIG, rttickEE
2501) , 504MtickBAfE, rt_tick 20184 E]70, STimer1ftimeout{BEMEE, XA SftA
5Timer1 E B 2818 X BXRIBET R L, BB Timer1 Art_timer_listitzR EfiBR, [EIE, 100
AMickF1500 M tickiZ x5, STimer2fTimer3 RTS8 X BAMN B BB SW L, EEE
Time2FNTimer3E BT 8§ Art_timer_listhER A iR,

MR ARG LBIER BIRETE10MickBASF (rt_tick=30) B—MESHEIET —Mick{E
#3008 TimerdERTEE, HFTimerdE BT 8EHtimeout = rt_tick + 300 =330, ELLEFHIBA
ETimer2fTimer37ERT 28 (8], FZALANE3-2FREEREEM:

rt_timer_list: G ER IRiER Kk

timer #1
timeout = 70

S —
timer #2 timer #4 timer #3
timeout = 120 timeout = 330 timeout = 520
~—— | S——

3.2: {iEATimer #4GHREE

BRTFRE T rt_tick = 30

3.2 TERYRIEERYERZEY

REMBREZNENZREZTRENNEGE, RAEBENNITRAPIRENNE, H
ERBRIRERNSEE T, BNEBRSEY, MITHUENFREA Z HERN BB EL, SLERE
MR, BRERBMMITETOMERRAENS L.

ERT-ThreadSERHRER AT, EN RBRRBFEERMIER:

» BRRKIE (RAERT) BB ETXIMERMNIT;

* EBEYERERTELAZRY £ R SORMBEHRMIT,

WMRBIRMZERR LT OMERHIT, EAW FERERHEKRS RS 0172
MZERMER: MITRENZRERE, PITHNANSHERT LT ER, &5, TR Lt
TXRHITHENEBRERANZABEERENSAET. BRISHES (EF—IEE
rt_timer_deletecB 1A ) ,

MBNEHELZIEL TXRHIT, WREKBXNERE, EZ2EE thE KB KL
TR BN 1% BB 5, ARz 2 H fth E B 83 3% 4 K 7E BY 88 /Y T — )X B HA 14 #8 B,
X AMIERERT-Thread ERT 2F 2 HIRP D AIERASE: RT_TIMER_FLAG_HARD_TIMERF
RT_TIMER_FLAG_SOFT_TIMER$§E., HARD_TIMERXRHIZ E M BB EHMIT L TXEE

32 RT-Thread 3.0.0



RT-Thread4mi25Ra 337 ERREREHIR

FRBfT TSR IT; SOFT_TIMERARAYZE A SR M ITHI L F X Rtimer&k iz (&
rtconfig.h3Sk X HRZE X ZZRT_USING_TIMER_SOFT{#Etimer4ki28E 4R {EM ) .

3.3 ERREEEHIR

struct rt_timer

{
struct rt_object parent;
rt_list_t row[RT_TIMER_SKIP_LIST_LEVEL]; /* EHBf2:%13REIEFREIHASI */
void (*timeout_func)(void *parameter); /* SERT 2SR A R R %R */
void *parameter; /* BNEBATIKAOSEH  */
rt_tick_t init_tick; /* EN S HIEE A% */
rt_tick_t timeout tick; /* ENS 23 SCFRAR I BT AT FA% */
b

typedef struct rt_timer *rt_timer_t;

EBf ERIZHIER A struct rt_timerfEMIRTE X, FHAZRLE RS 28 %I R B HEEEI RZIT &R
BRAPATEE. listiZUABTFE—NEEN (ELENH) ERNREEErt_timer_listh
&R,

3.4 ENFEEREO

341 ENREERRANRML
VAL ERBREE RS, FICAEE FEMRHEOTM :

void rt_system_timer_init(void);

3
N
%

1R[]

i %
i

NEESEASOFT_TIMER, MRGHIALE, RiZiEA FEX &S0

void rt_system_timer_thread_init(void);
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342 GIEERS:E
SHESLIR—NER 2R, PIEA T ERBIED:

rt_timer_t rt_timer_create(const char* name,
void (*timeout)(void* parameter), void* parameter,
rt_tick_t time, rt_uint8_t flag);

WAZEREORE, AZEEANSRTFERSE— N ERFEGIR, ARIZIZHIR

1TE ABYIRL,
RS E
S8 iR
const char* name TE B B3R RFR ;
void (timeout)(void parameter)  ERTZREBATREIET ( HERN BB, RASEH
XANERE) ;
void* parameter ERSRERNRBHAOSH (SEMNFENN, #R
B B[ R £
KIEINMNSHMANOSEZBLBIELR) ;
rt_tick_t time E B E3REBRTEY (8], BAIRARATH;
rt_uint8_t flag ERT S BIEISE, ZFNERE (FTMU

A ‘" XEERSME) ;

include/rtdef.hARE X 7T — L ERBEHEXME, AT,

#define RT_TIMER_FLAG_DEACTIVATED  0x0 /* ERES IR */
#define RT_TIMER_FLAG_ACTIVATED 0x1 /* EREEABIERE */

#define RT_TIMER_FLAG_ONE_SHOT 0x0 /* B ERT */
#tdefine RT_TIMER_FLAG_PERIODIC 0x2 /* JEIHARE B */

#define RT_TIMER_FLAG_HARD_TIMER  0x0 /* BEHEREE
#define RT_TIMER_FLAG_SOFT_TIMER  ©0x4 /* RSt/

LIEEAIflag RT_IMER_FLAG_HARD_TIMEREY, YNSRERTESHEBAY, EETESAY A& IS
R e AR RI AR S5 0172 £ T X PRIEA; S18ERIflagJoRT_TIMER_FLAG_SOFT_TIMEREY, %0
REMSIEET, EREEMENRARBIFSER S Fitimer&iZH E X HP#IAA,

R LR E]

WMRERZRCIEMTIN, MIREIERZEIEIR; MREEXK, S2RERT_NULL (&8
HT&R FREFABATMEMERT_NULL) ,

BIEEE Y B3R I F AN R PR :

/%
FEFFIBE | shSE N 256172

*

* IMIRLAEF NS ENRTR, —PEARER, — 2B ER
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*/
#include <rtthread.h>

/* ERZRRIEHIER */
static rt_timer_t timer1;
static rt_timer_t timer2;

/* ERTES BRI ERER */
static void timeout1(void* parameter)

{

rt_kprintf("periodic timer is timeout\n");

/* ENES 2B ERE */
static void timeout2(void* parameter)

{
rt_kprintf("one shot timer is timeout\n");
}
int rt_application_init(void)
{
/* BIEERTERT */
timer1 = rt_timer_create("timer1", /* FENfZ34FE timerl */
timeout1, /* RESASENERASIRR SR */
RT_NULL, /* @BEJeREMALOSE */
10, /* ERKE, RAOS TickFEfz, BP1040S Tick */
RT_TIMER_FLAG_PERIODIC); /* JEHAMEERSZE */
/* EEERE */
if (timer1 != RT_NULL) rt_timer_start(timer1);
/* BIEERTER2 */
timer2 = rt_timer_create("timer2", /* TEHZLFE timer2 */
timeout2, /* HBAEESENERALIEER S */
RT_NULL, /* BESeREIANCOSER */
30, /* SERTKE /304008 Tick */
RT_TIMER_FLAG_ONE_SHOT); /* Ea/tiElizs */
/* JREhEREE */
if (timer2 '= RT_NULL) rt_timer_start(timer2);
return 0;
}

3.43 MBRERTES
RETBERBEEMNEN, AIERATENESED:

RT-Thread 3.0.0
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rt_err_t rt_timer_delete(rt_timer_t timer);

WARXMREEORE, RASEINEREEMrt_timer_listiERAMIFR, 2AERRER
BE AT 2RIZHIR S BHIATE,
RS

W

28 iR

ERZRAR, IEREMRER S,

rt_timer_t timer

EIER E]
IREIRT EOK ( tNER&#Htimer@WE—RT_NULL, 84
B XE B 22 B9 B2 £ 519-1 R E B 23 A9 HD,

E3—/ASSERTHIS )

3.4.4 WIIRILERSSS

SERFSEIBZER BN, IR Art_timer_initd ORY iR (L IZERT 28,
T

R E O

void rt_timer_init(rt_timer_t timer,
const char* name, void (*timeout)(void* parameter), void* parameter,
rt_tick_t time, rt_uint8_t flag);

ERZERBUIZ O SYIIACANAER BHZHIR, ¥IIG(LRRNAIER SRR, ERTEE
BRI EF,
RS
S8 iR

rt_timer_t timer
const char* name

void (timeout)(void parameter)

void* parameter

rt_tick_t time

rt_uint8_t flag

ER RN, FBRAZYBEHNERZFZEHIR;

TE BT 2RRY B ;
ER BRI R IR (SHEMBBRE, RARIEA

XANEERE) ;
ENBRBNERBPIAOSE ( HENSIBNEN, BH
BEEARH SIEXMSHMOANOSREDRLE
BTERIER ) 5

ERTBRAVEERTAT (8], BAURRATIH;
ERBREIENMSEHE, IEHNESRE (FTU

A ‘8" XRESME) ;

#define RT_TIMER_FLAG_ONE_SHOT
#define RT_TIMER_FLAG_PERIODIC

36

0x0 /* B ERY */
0x2 /* FRIHARE B */
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#define RT_TIMER_FLAG_HARD TIMER  0x@ /* @ HERZE ¥/
#define RT_TIMER FLAG _SOFT_TIMER  0x4 /* BRERZE ¥/

I8 EMflagmRT_IMER_FLAG_HARD_TIMERRY, #IRERT2E#8AY, EARTEEHIEEHE
BERMHETRARSGE ETXPRIAR,; HiEERflaglRT_TIMER_FLAG_SOFT_TIMER
BY, SNRTERTESEBAY, ERERAIEIEAREIGER BT FhtimerskT28Y T XXPEIARA,

VIR ERTBERIB FIN TR :

/*

* FEFEER  BSER AR

* XPMEFASVIA2NERSERZ, — PN ERRER, — N EREIMERER
*/

#include <rtthread.h>

/* ERZRRIEHIER */
static struct rt_timer timer1;
static struct rt_timer timer2;

/* ERTES BEERER */
static void timeout1(void* parameter)

{

rt_kprintf("periodic timer is timeout\n");

/* ENES GBI EREL */
static void timeout2(void* parameter)
{

rt_kprintf("one shot timer is timeout\n");

int rt_application_init(void)
{
/* WA ERES */
rt_timer_init(&timer1, "timer1", /* EHfZELZFE timerl */
timeout1, /* FRETATENERAMNER SR */
RT_NULL, /* @REREAOSER */
10, /* EEHE, PAOS Ticki#afi, BP104M0S Tick */
RT_TIMER_FLAG_PERIODIC); /* JEHAMEERSZE */
rt_timer_init(&timer2, "timer2", /* TEHTZSALZTFE timerl */
timeout2, /* HBETESEERALIEER S */
RT_NULL, /* @BTeR¥RANASE */
30, /* ERTKER[30MN0S Tick */
RT_TIMER_FLAG_ONE_SHOT); /* Ea)tiElizs */

/* AEhEREE */
rt_timer_start(&timer?1);
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T EREEEEED RT-Thread4w72Em
rt_timer_start(&timer2);

return 0;

}

3.45 MiEER S
LN BRSENSBIEERCAN, TMERTENEKED:

rt_err_t rt_timer_detach(rt_timer_t timer);

BREERRN, RASICENBNRARABTRNENFURTMR, ERERBNR
TS BHREAIREL.

RS
28 iR

rt_timer_t timer EREEAIMA, ERERENERSFEGIR,

BRI ZSR ]

IR[ERT_EOK,

Hit B8 TE B 23 B ) F R] 2E9- 212 N B RO BL B ER 43
346 JBEhERTES

SEMBEWEIEN BRI UG, AASWINED, UIEERENERERHED
f&, ZFwRIME, BoiERSERHEONT:

rt_err_t rt_timer_start(rt_timer_t timer);

A ENEERMERIFIEOR, ERNSRIPRSEER EEIRS (RT_TIMER_FLAG_ACTIVATED ) ,
FiR BB IRFEIEAZIrt_timer_listPAZsER P,

RS
28 iR

rt_timer_t timer EREEAIMA, ERERBMIER S IEHIR,

BRIHLR O]
WNRtimerE 24 FEEIRZA, MIRE-RT_ERROR; BM5R[EIRT_EOK,
BENE R 2 FiBESE-1 TS Y E R 221,
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SN

T ERREERD

347 (FLLERSSS
EoERZELAE, ERETEREL, PJUERTERN&KIED:

rt_err_t rt_timer_stop(rt_timer_t timer);

WAENSFELERBIEORE, ERBFRSEERRDEILIRE, FHMrt_timer_listiRH
BEBHRASEENSFRBRIEE, S—1 (FAY) ErERERE, tha]AFRXNERERE
OfF XA (EEA ) ERNEBEEAS,

RESE
S8 iR
rt_timer_t timer TR AR, EEEE IR ERNITHIR,
BRI BR[O

WMNRtimerEL 4 F(FLEIRZ, IRE-RT_ERROR; &BNIRERT_EOK,

3.4.8 f=HIERS RS

PRT LIRRMHA—LLRIZRE O, RT_threadthEISMRMH T ERT2RITHIREIEO, BAIKEX
FIREESEMBMER. EHERIFRBIEOWNT:

rt_err_t rt_timer_control(rt_timer_t timer, rt_uint8_t cmd, void* arg);

EHERBRBUIZOTREGSRESYE, REBWUNTENEMIRE,
EREI S

2 it

rt_timer_t timer ERERAIR, BEEHITIERIMER SRIEHIR,

rt_uint8_t cmd ATFEHERNSENGS, SaHN aSED, 231818
E TEREY(E), EEEMME, REFRME, REERM
%;
void* arg Scommand 83 RRIEHIR S S,
#define RT_TIMER_CTRL_SET_TIME 0x0 /* RE TE BT ES 8 B A [E) */
#define RT_TIMER_CTRL_GET_TIME 0x1 /* 3545 5E B 25 48 B A [E) */

#idefine RT_TIMER_CTRL_SET_ONESHOT  ©@x2 /* WEERZNBE—BRT  */
#tdefine RT_TIMER_CTRL_SET_PERIODIC 0x3 /* REENZ A FRATERES */
BRI ZSR @]
R R [ERT_EOK
{E AR B 28 12012 L B9SRGB AN R R R
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/*

* AR L ER RS THEO RS

*

* XIS AR TN NS ERELE RN X SR, REIEHITE 3T E 8UE I 25 B EH B,
*/

#include <rtthread.h>

/* ERERRIEHIER */
static rt_timer_t timer1;
static rt_uint8_t count;

/* ERTESHRETEREL */
static void timeout1(void* parameter)

{
rt_kprintf("periodic timer is timeout\n");
count ++;
/* BBIXES, EXERABIKE */
if (count >= 8)
{
int timeout_value = 50;
/* ¥ E B 25 5 U I 2SR B IR (A BE */
rt_timer_control(timer1, RT_TIMER_CTRL_SET_TIME, (void*)&timeout_value);
count = 0;
}
}
int rt_application_init(void)
{
/* BIETERERT */
timer1 = rt_timer_create("timer1", /* FENfZS4FE timerl */
timeout1, /* RESASENERAMIRR SR */
RT_NULL, /* @ReR¥MACOSE */
10, /* EBKE, PAOS TickA#afy, BP104N0S Tick */
RT_TIMER_FLAG_PERIODIC); /* [&HMEiTzs */
/* REhERE */
if (timer1 '= RT_NULL)
rt_timer_start(timer?1);
return 0;
}

(=]
A

4

3.5 BIEFERAER

o
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351 ERBEMAITLTX

RT-ThreadBY7E A 28 5 B fth SCRHRE R R AV E R BF LM BLARE ($55312RT-Thread
FHIRRABISKIL A ) , ERRT-Thread B ERT2REXIARY S X EHARD_TIMERTERT 28, BIERT
BB, BRNERJZRERZN PN L TSOMERIEITHN, EFHLETXPRHRITAER
RTE T TE R SRR R A RNZ AR EFISIL S/ L T XIEREN R SRR tWAREEBMITIE
BEKAEYE, BUNSSREMAPETRIMmLEREIINKEIE S T LM TRIET E.,

B, EEZEF=TEERHRTD, FEEEERIEILERFRPHEEET —
NEBTEE: thread_timer, X/ Mthread_timert? @ —NHARD_TIMERERTZS, EHATHE&
EEENT-ECHEREFENRZARR, fINTEREMENIBEEEESE, ERE
., BBUERSE, MEMENMNRETEBHRBENSZEMERER, BLEERLqHN, X4
NENENBESBBEH B (B EIZE Art_thread_timeout ) , HEIETERT 2548
BRY, X MNEIRKIAE R REE, rt_thread_timeoutBRENMIS M4t AA, IEEIRBE LR
HerrorfH5 J9-RT_ETIMEOUT, #EEWMEBBIXNEIE, FIMMNEANBX L, ELEFNIT
rt_thread_sleep/rt_thread_delayX$, the]UAEE S —E XHIEHT,

EF] £ —E&3YHARD_TIMERTE By 3 ik 3K, =] ABEIHARD_TIMERTE Bt 28 B Y 2R 3¢ T
YEFrREREY E R 3OMER, IMEFRKPHITHAREBFIEERM, BLEALEARETENZ
KIVEBNERBARERIT T WLERE; HRNRENBDENRBERELEZTNT, EASHFR
Z, MRBESMAERNEEME, KRATTUESXNENSBNITEEZAMIRFBMALLIE
N, MR ZBE(FEHrt_thread_sleep/rt_thread_delayf75 = LI E A 23 #BATIRIE, BBAT]
EAMNTENA:

- wvoid timer thread(void* parameter)

{

while (1)

{
- = = o #

{ /* TP n0s TickIiEiR */

rt thread delay(n);
f* ERBEEIRE, AT M ABIELEEL */

}

3.3: KIEEMT2E

£ EE8BIFR, timer_thread@—MNEIEAORE, EEIEFPMITrt_thread_delay(n)

&, TTUASEEIN/NOS tickf9ERT, N {Trt_thread_delayhf, LIZMABEERBESWEE
HE; HEETHRENE, XNEZEHREE, HiESrt_thread_delayiziTEE81K
B,

EiRERAVEBRHARD_TIMERRI4F M, 59, 7ERT-Thread®, FA1tBr]ATECIZRERY
B30, {EERBEHEERSOFT_TIMERRIF TN, XHE] AESE R 2S8Rt R T I TEtimer
AGEELTXIER, NRAAEVRCEFZMEHASOFT_TIMERY Y, FEERLEE
FRFTHRT_USING_TIMER_SOFTZEE X, HB4iAHMArt_system_timer_thread_initeR =] A S
itimerA %412, XEESTIENZ, SOFT_TIMERERES/IFEE HRT_TIMER_TICK_PER_SECOND
EXMEFTRE ( SRMALMtimer tickRBREZL ) , XMEMTIROS tickBIBEE,
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3.5.2 OStick5ERZEIEE

RATPHARD_TIMERE RSB R/NEERHAZN W THARER (1 0S tick =1/
RT_TICK PERSECOND#», RT_TICK PER_SECOND{E7Ertconfig.hSX#HHENX ) , EBEIEE
HUBT [B] T2 OS tick MV BEE, SFEEXLUMEEN B KEMNRAE A, FIE00S tickZ
10ms, MIEFFEELMIMsHIER LR, XMHEHRIRERATERNB[BEAEBHEENK,
Reg@idiZlN AR T NMEG TR 2800 S s B R EREG E R BB A .

7ECortex-M3M, SysTickE Z#RT-Thread B FEAOS tick{ER, E#WEER1/RT_TICK_
PER_SECOND# fEfit & — R REREI S, FRETALIRRE{E A Cortex-M32KiARISysTick_Handler
BF, fECortex-M3AJCMSIS ( Cortex Microcontroller Software Interface Standard ) #1352
FRILE T SystemCoreClockfU R A RIESN, FAETFSysTicklBA Kz SystemCoreClock, FA(]
BEWSfE A SYsTickik 1S — MEMAVER & EM, ST EIFTR, Cortex-M3_ERIETF SysTickhI4EHH
WY (FERREERESYsTick/GER ) :

SRR ELER FPIFRN TR

#include <board.h>
void rt_hw_us_delay(rt_uint32_t us)

{ rt_uint32_t delta;
us = us * (SysTick->LOAD/(1000000/RT_TICK_PER_SECOND));
delta = SysTick->VAL;
while (delta - SysTick->VAL< us);

}

HEPRAOSHusERHBEZENMMPDEE, XMRBRBEIHET1 OS tickByZER,
A MSysTicks I H A e 53k 158 E R AT B (8],
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/vl‘\-4ﬁ

=

ESEET &S

EZESTIHRREF, —MTIFREMREER BT S MES AR N ERRTM,
Pl — MESAEREBPEVBIEF BBRESHHZEATSD, BN S —MESEEEMEHMN
HEAFRIZRBEHREEZETR (WE AMERERNBIESEE ).

e AR ECE Thread #1 Thread #2 Wit B
’ BEWETE BrEfE g
[ HEWEFR

4.1: WANEIR R BRE R

MRWHZERFNVIRANZHMMER, BLSNEIRREPERRNE, X5 EHE
— eI, fli, EEREREREEREEZR, ERBLEERTHBIENEA, B
ARG EENEN ERFNEIE, EMERBURIIER,

BERBHIRESAZHZTAENABERRIRAIEN R BICIBE; FERBUENAAZR
FRIZHHABRERAEN R BN, IARABEHIVINAZRT, EBNRIEFT
RiZRE—MEENAZATRIEETRE, TRTFS—NEEXRE, WTEREER
—RXi, MzAERX, EFEHNRTSHANERSM, HE0BRER: EUE)iasR X6t
RARF—NEH—RK)ESEBIT,

4.1 KAFRL

KA PR, REIESESLRIBRXEEBEN MG, BEREDIIRE
REHHRULE, SHBRANRE, MEREIESASWEMBEHITEH (AR R
FEZTBMAARLR] ML LEEMAENINESEH ) , BHMRINAREAIWIES, KR
EXMESENMF TRIBFIZEIN, KA TR/ VRE FRTAPIE O HRBSPLI, RIFBFEEH
ANEEER AR BARAERE,

KA, FTFHBEE O BEMA AR :

o KA

rt_base_t rt_hw_interrupt_disable(void);



4135 %Rl RT-Thread4rF2i57

XABREA T X A AR B & [B] X ] R B R FRATIR S,
RIS

7z

BRI ZSR ]

1R [E]1 A X N R X AT B FHBAR A,

* PRE FREfT

void rt_hw_interrupt_enable(rt_base_t level);

XANEEER “EEE” FRRr, EXAMEIERt_hw_interrupt_disable()RZETHIRRTIRZ,
BT “fERE” RBTIRA, IR rt_hw_interrupt_disable() 812 X D ETIRZS, B4R
FLERRE S RAR K PUTIRE, level S8R £ —XRIBArt_hw_interrupt_ disable()BYHYiR E]

=R
RIS
S8 Pt
level gi— R rt_hw_interrupt_disablei& [ f RIS,
BRI FUR [E]
v

{ERFF X PEmAITLIZ B E 28 FCE a0 T HICIEAR R :

/* RESJEH © XHF Tt Te /T ERAE */
#include <rtthread.h>

/* RIEAAEKEREE */
static rt_uint32_t cnt;

void thread_entry(void* parameter)

{
rt_uint32_t no;
rt_uint32_t level;
no = (rt_uint32_t) parameter;
while(1)
{
/% SRR */
level = rt_hw_interrupt_disable();
cnt += no;
/% WU */
rt_hw_interrupt_enable(level);
rt_kprintf("thread[%d]'s counter is %d\n", no, cnt);
rt_thread_delay(no);
}
}
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void rt_application_init()

{
rt_thread_t thread;

thread = rt_thread_create("t1", thread_entry, (void*)10,
512, 10, 5);
if (thread != RT_NULL) rt_thread_startup(thread);

thread = rt_thread_create("t2", thread_entry, (void*)20,
512, 20, 5);
if (thread != RT_NULL) rt_thread_startup(thread);

« B BT XAPHXSHRENRANEMMNINEBPE, ATUEERXAPEMAE
FisEeRXBFERR, BAUAFTBZRIEXARAREEEE, FIANBFEVIEEE

Py
~o

41.1 {ERBE

(ER BT HERIRF R AN TIAFIANATEMAZES, BREM/LERS HABRKHTH
BREMSEILEY, AR R &REANNESNRE T 55, AR ERPEHREENI
BAET, ERETXAER A ANBMN R, thaAEEMmMSMREIEM, BT AR
WRFWFEAMEZMIEEEKX, HEAFTINESSEHRRARATELEMMERS (FTESK
AAR2RBERNREIFR) ; MERRTDH, WBM—MHRIE, SWHIETHN,

oIgn, R TRIE—1TREE (PIEIRE ) MERETT, RRENTERERTIBIMAR

EESERERE:

ik

level = rt_hw_interrupt_disable();
a = a + value;
rt_hw_interrupt_enable(level);

TEfERPEriEY, FERWERXATBBIGEIIEEE, FIE] LEEAE9a =a+value; th
A BN—E, FIIERESE:

rt_sem_take(sem_lock, RT_WAITING_FOREVER);
a = a + value;

rt_sem_release(sem_lock);

XERCHGTErt_sem_take . rt_sem_release FISLI A, ERXEFEERTIHIRIPESE
APBENTHR, FTUNFEEMa = a + value;FIIRIE, ERPETBUZE HELERIE,
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4.2 AERI

B FRBTEi— IR IR E SR BUE LRI L HENGTRES AL, ERAE SRS, BFFR
ErPiE — RS AERNE, WAER LB, RAKAREENNIMNERRT, FPETARS FIFZHKIARE)
THRRAINA, FFUEERIRAERS LHMNAR#TESECN, FSEEERIFESARMIER
RERESWMPRS OIFZATEDR, WMRFTESEENR, BLBMEESRALFMARHITE
¥, RT-ThreadiB2ErIIAE BiEIEAPL:

void rt_enter_critical(void); /* dEAIGFRX*/

5

W

5

k@

oH B o
i

WAXANREE, HESRER S, EIEIRERME, REKAMNRE, NRHBE
REE T ESMARNERE, BESAAIULANITE, EXRARUEERRNN A2
HITF—KIRE,

void rt_exit_critical(void); /* BHIEHFX*/

3

W

E3 G

oH B o B
i

HRAZRHIRFRXMIHE, RASTEINRARESMARNLENSE, URELS
RIAIEESMARNERENLE, BRI NSHERLRETRNIT; MRTESMLERETE
FLE, RBBEMITHRIES,

» 7¥: rt_enter_critical/rt_exit_criticale] LAZ )RR EiIARE, B&EIARA—Xrt_enter_critical
FRADUMEXY MR B — R rt_exit_criticalR HIR{E, SREMNR X RE 65535,

4.2.1 (ERBE

WERBEEBRSEMERT - EEARSAERETLNNS, ATRE, EASNALH
BRNDRERL 218 ; (B EMRIGLRIAE, MEREAERA TS LIZRNESSEM, 7
BMRHITIRERBNEETRK, SNRAEMSEAESAEM (EAERTIEERME, &
FRABRSNERNIXR, EFIEHE TIRERBIVRE)

43 E5=

EEER—MBANATRREARZERE S RIENAZNER, LIE0]MIREEERE, A
MAZELREFWEN, ESEMG LR, E-RIEFRXAME, RATFHEHRNEL
BTN SRR THE, TRTFEHEANRRKX; MEARIERREEEHAERE
FHEE, LRSELEREANRREK,
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Thread #1
— A= — B
==Y
Thread #2
el
:_L__ ——} ......
=58 Thread #n

B 4.2: FSEIFEREE

SSETHFREEUNE FSEIFREE iR, B MESENREBE—MESEEM
—MERRESEY, ESENERNNTESENRIEAKE. ZRKE, RINESEER
5, MRTHBSMESESA (FIR) FICAKER, SESEXLABRB TN, BHIFZE
SENLRENSREEAZESENSHIIL, SHTBRNESESS (FR).

43.1 (ESEEHIR

struct rt_semaphore

{
struct rt_ipc_object parent;/*Zf/& Hipc_objectZE*/
rt_uint16_t value; /* {ZSEME */
b
/* rt_sem_t2$5M semaphoreZE M RIFEET2ERY */
typedef struct rt_semaphore* rt_sem_t;

rt_semaphore ¥ & Mrt_ipc_object Fik4%, HIPCERFIEE., ESENKRKNER
65535,

432 {EEEMEXEN
tIRESE

HElE—MESEN, AREREIE—MESEIZGIR, ARMZIZFIRHETERIY)
B TIF, CIRESEERATEEREED:

rt_sem_t rt_sem_create (const char* name, rt_uint32_t value, rt_uint8_t flag);
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HEAXMTRBE, RAFESE— 1 semaphorelf R, HABLIMINR, ARV
IRILIPCH R ARz Ssemaphoreff XBIE 7, ELIRESERENSHT, ESENRTESY
RETHESEARCIAR, SMEESF FE’JHEBAHT HEREFIFOFITURT, ABAFIHFLIERA
SRR ARSI, BHRANLRRERRESHNESE; SIEEPRIO (L%
RERH) AN, FHAERINFRBALSIEITHN, RAELSHNSFHEIBELRESH

HESE.

RS

28 AR

name ESE2R;

value SSEYRE;

flag EEEirE, BUERTAERIITEE:

#define RT_IPC_FLAG_FIFO 0x00 /* IPCEYFFIFO =/
#define RT_IPC_FLAG_PRIO 0x01 /* IPCEYNKBLLE >/

BRI & ]
BIZMINREEEMES EEHRIEH; SMRERT_NULL,
BIRESENGIRRN TOIRR:

/*

* BRFER N EEE

* XN FFERE— NG EWNAEN) B — M EETE, X NELFEF
* BRERRARNAREKEEESE, MZBERE, REXNMEKIERM—XESE,
* FEEABREXAKAEFAREIFEESE, IRBESERERMD,

*/

#include <rtthread.h>

#include "tc_comm.h"

/* TEMEFEITHIRANTEST */

static rt_thread_t tid = RT_NULL;

/* TEM{ESENTEET */

static rt_sem_t sem = RT_NULL;

/* BFENA X/

static void thread_entry(void* parameter)

{

rt_err_t result;
rt_tick_t tick;

* GRS Y EIMI0S Tick */
tick = rt_tick_get();

/* BEFE—MESE, WR101M0S TickikAiRE2], RNEKIRE

result = rt_sem_take(sem, 10);
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if (result == -RT_ETIMEOUT)

{
/* FIRTRERIEFILE 104008 Tick */
if (rt_tick_get() - tick != 10)
{
/* AR, WM KK */
tc_done(TC_STAT_FAILED);
rt_sem_delete(sem);
return;
}
rt_kprintf("take semaphore timeout\n");
}
else
{
/* BAFERRIESE, MZe@rRE, BRINELR */
tc_done(TC_STAT_FAILED);
rt_sem_delete(sem);
return;
}

/* BI—IIESE */

rt_sem_release(sem);

/* WEFFFESE, FKEEFEIFRIMESE ¥/
result = rt_sem_take(sem, RT_WAITING_FOREVER);
if (result !'= RT_EOK)

{
/* R[EIARIER, MKW */
tc_done(TC_STAT_FAILED);
rt_sem_delete(sem);
return;

}

/* MRE RN */
tc_done(TC_STAT_PASSED);
/* BixESE */
rt_sem_delete(sem);

int semaphore_dynamic_init()
{
/* BE—MESE, YIIAERE0 */
sem = rt_sem_create("sem", 0, RT_IPC FLAG_FIF0);
if (sem == RT_NULL)
{

RT-Thread 3.0.0
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tc_stat(TC_STAT_END | TC_STAT_FAILED);
return 0;

/* BIFREFE */
tid = rt_thread create("thread",
thread_entry, RT_NULL, /* ZE#2 )\ [ Ethread_entry, Z%4RT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid != RT_NULL)
rt_thread_startup(tid);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

return 0;

#ifdef RT_USING_TC
static void _tc_cleanup()
{
/* RELSLES, L8R, BABYMBIEMETE, (Un R */

rt_enter_critical();

/* MirEAE */
if (tid != RT_NULL && tid->stat != RT_THREAD_CLOSE)

{
rt_thread_delete(tid);

/* BixESE */
rt_sem_delete(sem);

/* FRELZSRPL */
rt_exit_critical();
/* R ETestCasekE */
tc_done(TC_STAT_PASSED);

int _tc_semaphore_dynamic()
/* B TestCase)STREVIR I */
tc_cleanup(_tc_cleanup);

semaphore_dynamic_init();

/* IR [E]TestCaseiz{ TR IKETS(E] */
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return 100;

FINSH_FUNCTION_EXPORT(_tc_semaphore_dynamic, a dynamic semaphore example);
#else

int rt_application_init()

{
semaphore_dynamic_init();
return 0;

}

#endif

mErESE

RETBERESEN, TEIHRESEUNBRHRALEIR, MR
#iEO:

SEERTEE

ol

rt_err_t rt_sem_delete (rt_sem_t sem);

BAXNRHEN, REEHRINMESE, IRBRZESEN, BEIEEES
FZEEE, BLMBRRESMBEESFEZESELNEGRE (FFLENROER-
RT_ERROR) , AEBEMESENAFAER,.

B

£ ik

\

sem rt_sem_createfZLIEMESENR,

RBGR [
RT_EOK

MaitES&

WFRSESENR, ENREZEERFINPARFIFRIMER, REBIRERZI
b, WRERESEMATBFEEEMrt_sem_createiZ[IKEIERE, MAFEERTINE
HITHIRILENR], ¥R LIESEXNRAIER T ERRIED:

rt_err_t rt_sem_init (rt_sem_t sem, const char* name, rt_uint32_t value, rt_uint8_t flag);

HIFAXANRBE, RAEFITIX N semaphorel T SFEITHIIAK, RBVRLIPCIHREL
KSsemaphoref@ X#ER57. AVIIRLESERENSHTP, ESENSSRRETHE
SENTTAN, SNMERESEHNAN, SEEFIFOB N, BAFHLRENTFRETH
FTHB G INABA, BEANEERTREEENESE,; JEEPRIO (AELFFT) AR
B, FHEEINFRBMEREITHA, AALSHNEGLIEETREGSHNESE.
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BB
28 R
sem SEENRIAINTE;
name ESE2B;
value SEEYAE;
flag SEEE.

#define RT_IPC_FLAG_FIFO 0x00 /* IPCZ#KFFIFO/=(*/
#define RT_IPC_FLAG_PRIO 0x01 /* IPCZ#KRMILHK T/

BRI ZSR ]
RT_EOK
Ve tESENMFEMN T FIRR:

/*
* BRFER BN ESE
* XN FRRAE— RS ESE (%J]il‘*ﬁ%]@ ) R—NERESEFRE, AwXA
* BABEXABRARNERBESE, MZBRIRE, REXMEERR—X]
* TEREAREE R K A F R Fit%zxﬁ)lﬁ%i BIRIFESERRE,
*/
#include <rtthread.h>
#include "tc_comm.h"

/* SFEATHIRE AL */
static struct rt_thread thread;
static rt_uint8_t thread_stack[THREAD_STACK_SIZE];

/* (ESEEHIE */
static struct rt_semaphore sem;

/* BFEANO */
static void thread_entry(void* parameter)

{

rt_err_t result;
rt_tick_t tick;

* FRSFTAN0S Tick */
tick = rt_tick_get();

/* NEFEESE, mAFERF100S Tick/FiR[E */
result = rt_sem_take(&sem, 10);
if (result == -RT_ETIMEOUT)

{

52 RT-Thread 3.0.0
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int

/* B RFINTEBRIEFE10400S Tick */
if (rt_tick_get() - tick !'= 10)

{
tc_done(TC_STAT_FAILED);
rt_sem_detach(&sem);
return;
}
rt_kprintf("take semaphore timeout\n");
}
else
{
/* AAEAEHMMARBESE, MR ZENFEESE,
tc_done(TC_STAT_FAILED);
rt_sem_detach(&sem);
return;
}

/* BI—IKIESE ¥/

rt_sem_release(&sem);

/* XAEFARFFEESE ¥/
result = rt_sem_take(&sem, RT_WAITING_FOREVER);
if (result != RT_EOK)

{
/* NN K M */
tc_done(TC_STAT_FAILED);
rt_sem_detach(&sem);
return;

}

/* M@ */
tc_done(TC_STAT_PASSED);
/* BB ESEXNR */

rt_sem_detach(&sem);

semaphore_static_init()

rt_err_t result;

/* YA WAESE, YIAESE0 */
result = rt_sem_init(&sem, "sem", 0, RT_IPC_FLAG_FIFOQ);
if (result != RT_EOK)
{
tc_stat(TC_STAT_END | TC_STAT_FAILED);

RT-Thread 3.0.0
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return 0;

/* WA WEFET */

result = rt_thread_init(&thread, "thread", /* £f242 : thread */
thread_entry, RT_NULL, /* Z&FEf )\ Ethread_entry, Z%0ERT_NULL*/
&thread_stack[0], sizeof(thread_stack), /* Z&iZikthread_stack */
THREAD_PRIORITY, 10);

if (result == RT_EOK) /* #nSRiR[aliEAf, JAzheedil */
rt_thread_startup(&thread);

else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

return 0;

#ifdef RT_USING_TC

sta

{

int

tic void _tc_cleanup()

/¥ BERLES, EBUR, BABYHREAMERE, (ol */

rt_enter_critical();

/* PATEFEE */
if (thread.stat != RT_THREAD_CLOSE)

{
rt_thread_detach(&thread);
/* PATIESEXHRRE */
rt_sem_detach(&sem);

}

/* RSO */
rt_exit_critical();

/* R ETestCasekE */
tc_done(TC_STAT_PASSED);
_tc_semaphore_static()

/* B TestCase)STREVIR I */
tc_cleanup(_tc_cleanup);

semaphore_static_init();

/* IR [E]TestCaseiz{ TR IKETS(E] */

RT-Thread 3.0.0
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return 100;
FINSH_FUNCTION_EXPORT(_tc_semaphore_static, a static semaphore example);
#else

int rt_application_init()

{
thread_static_init();
return 0;
}
#endif
REESE
BREESEHMRILESENFEMNAKNREIRRETRIGE, REESEFERTENELN
O

rt_err_t rt_sem_detach (rt_sem_t sem);

ERZERE, AZTREMBEERE

SEFEHI LR, ARFZESENR
ERRE E%EEPHH*JK?\O [RRFEREFSE LNFHAER

£7245%3%15-RT_ERROR KR [O1E,

i

W
B

sem EESENRIEM,

KREBIRNESERRGESERREA, SESEEARTER, ABEHREES
B, FEHRNMNESSEESSE, REESEERATENRHREO:

rt_err_t rt_sem_take (rt_sem_t sem, rt_int32_t time);

FEAXM RS, NMRESENESTE, BARBIRESERELFIANTA, B
BRESENLAEFREtMeSRNBEAEEREERKIRE, NEESH—RIfE, KAF

%, EREMERERPMBRIZEEE. IRESHtmelEENNBIRKABARIESE,
IR BRRE], R[EMER-RT_ETIMEOUT,
RS
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28 R
sem EESENRINK;
time BENSEENE, PURIRERARNWTIE (OS Tick) .
BRIHGR O]

RINFKSES2IRERT_EOK; #BAHKARIKEES=RME-RT_ETIMEOUT; EfthiEiRiR
[B-RT_ERROR,

EEHRNESE

HAPTEERBENESE LERARHITERN, FJUERLEFHANKIEEE,
AEHRIESEER THNRRIED:

rt_err_t rt_sem_trytake(rt_sem_t sem);

XNEE Srt_sem_take(sem, 0) BIYERAMERE], BIHEIERBENESEXBEXGARTHA
MEHE, ENSEFEZESEL, MEEERME-RT_ETIMEOUT,

RIS

S8 R

sem ESENRINEM,
BRIHGR O]

M INFKREUS 2 2IRERT FOK; BM3RERT ETIMEOUT,

BRESE
HEBETARRNRE, MRRBENERBNESE, EEHMAERREFZES
B, BESEERATEMNRREN:

rt_err_t rt_sem_release(rt_sem_t sem);

HESENESTEN, AERLESHINMESEN, BRESHERESELRE
JIFREE —1NkiE, HERBESE, EWUJv}E1E%EEG1EDD—O

RS
5 R
sem SEENRIEIN,
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BRI ZSR ]
RT_EOK
TEHR—MERESENFIE, WTFFIRR:

/*

* PR AR IERAESIF

* XAMIF IR AN RIE TR A = H TR E (A
*/

#include <rtthread.h>

#include "tc_comm.h"

/* BRMBRARSNTTRBEBH T */
#define MAXSEM 5

/* BT IREETF RIS */

rt_uint32_t array[MAXSEM];

/* fEmEFE. IEREEarray AT HREENE ¥/
static rt_uint32_t set, get;

/* FEmMEFEIEHPRATEET */
static rt_thread_t producer_tid
static rt_thread_t consumer_tid

RT_NULL;
RT_NULL;

struct rt_semaphore sem_lock;
struct rt_semaphore sem_empty, sem_full;

/* HEFEELFEAD */
void producer_thread_entry(void* parameter)
{

rt_int32_t cnt = 0;

/* =170k */
while( cnt < 100)
{
/* RER—AT L >/
rt_sem_take(&sem_empty, RT_WAITING_FOREVER);

/* {BharrayNg, 81 */

rt_sem_take(&sem_lock, RT_WAITING_FOREVER);

array[set%MAXSEM] = cnt + 1;

rt_kprintf("the producer generates a number: %d\n",
array[set%MAXSEM]);

set++;

rt_sem_release(&sem_lock);

RT-Thread 3.0.0
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/* BEF—ANEA ¥/

rt_sem release(&sem_full);
cnt++;

/* EiE—EiE */
rt_thread_delay(50);

rt_kprintf("the producer exit!\n");

THTRELIEALD */

void consumer_thread_entry(void* parameter)

{

no,

58

rt_uint32_t no;
rt_uint32_t sum = 0;

/* BNEFE, BARS Rk */
no = (rt_uint32_t)parameter;

while(1)
{
/* FRER—ANd L */
rt_sem_take(&sem_full, RT_WAITING_FOREVER);

/* IERX, EPHITIRGE */

rt_sem_take(&sem_lock, RT_WAITING_FOREVER);

sum += array[get%MAXSEM];

rt_kprintf("the consumer[%d] get a number:%d\n",
array[get%MAXSEM]);

get++;

rt_sem_release(&sem_lock);

/* B—AELL */

rt_sem_release(&sem_empty);

/* HEFFEATR0040M B, F1E, JHBREBLFEMENFL */
if (get == 100) break;

[ B INANT */

rt_thread_delay(10);

rt_kprintf("the consumer[%d] sum is %d \n ", no, sum);
rt_kprintf("the consumer[%d] exit!\n");

RT-Thread 3.0.0
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int semaphore_producer_consumer_init()

{

/* MIRHINMESE */

rt_sem_init(&sem_lock , "lock", 1, RT_IPC_FLAG_FIFQ);
rt_sem_init(&sem_empty, "empty", MAXSEM, RT_IPC_FLAG_FIFOQ);
rt_sem_init(&sem_full , "full", @, RT_IPC_FLAG_FIF0);

/* BIBLFE */
producer_tid = rt_thread_create("producer”,
producer_thread_entry, /* Zi#2 A\ [ 2producer_thread_entry */
RT_NULL, /* ALZ%CERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY - 1, THREAD_TIMESLICE);
if (producer_tid != RT_NULL)
rt_thread_startup(producer_tid);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIEEFE2 */
consumer_tid = rt_thread_create("consumer"”,
consumer_thread_entry,/* 2 A\ ]2 consumer_thread_entry */
RT_NULL, /* AZ#ERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY + 1, THREAD_TIMESLICE);
if (consumer_tid != RT_NULL)
rt_thread_startup(consumer_tid);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

return 0;

#ifdef RT_USING_TC
static void _tc_cleanup()

{

/* BERLES, EBUR, BABYHREAMERE, (ol */

rt_enter_critical();

/* WilrEFz */

df

—

ok

]

if (producer_tid !'= RT_NULL && producer_tid->stat != RT_THREAD_CLOSE)

rt_thread_delete(producer_tid);

if (consumer_tid != RT_NULL && consumer_tid->stat != RT_THREAD_CLOSE)

rt_thread_delete(consumer_tid);

/* VARLASREL */
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rt_exit_critical();

/* ZETestCasetRE */
tc_done(TC_STAT_PASSED);

}

int _tc_semaphore_producer_consumer()

{
/* & E TestCase)HIHEFRE */
tc_cleanup(_tc_cleanup);
semaphore_producer_consumer_init();
/* 1R [B|TestCaseizf THIR KA [E] */
return 100;

}

/* i R A S Ffinsh shellsh */
FINSH_FUNCTION_EXPORT(_tc_semaphore_producer_consumer, producer and consumer example);
felse

/* APMABAA */

int rt_application_init()

{
semaphore_producer_consumer_init();
return 0;

}

#endif

EXANMIFH, semaphorefF R —MHIRIFE TR, HENEIERRIR: ring buffer
B, @i FHsemaphore MR IUHIEEiZH AN (MREMEREHITEHRA, HEXE
W) .

433 (ERBSE

FESER—MERREBNEALHN, FIACRESMZER, M, AP, FRITH
FXR, LEFEMNATLIESSLIE, RSERENELH,

HKiERD

KRERTRESEREREN—XNA. Fl, MNLERRFITESENRITEGE
B, ESENEVIRILKEZVMESERERS, MEGKELEREXIMESE LH#T

&=

=17

HESEETMENENTERN, BRXMESE, NEFFEXMESSE LILIER
B, ILEMITF 27 LIF Li%AETuEWEG%§%$IWEWWE.a%ﬁﬁ%
REBCHIIE, ARBMFSEIEMET 5 LTIE
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£

i, B—BENATSNERERNE—IERXER. ESEEFIURERN, &
BENFESERRIOWMBRMMRT, ARAAKUNE-—IRRTAH. SEEFTENEIRRS
RE, ERBARSINIRR, AXNEEMIRERRDE, HtiTEnRIRFRXEZ%
BREEETZESEL, IRAMNEMLEEEIXERIXMN, IMELSKBLE (5
SEER0) . HRGESENLELERE, RERAXN, ERaBRESEF TR
7, MEEEHN LS - SEHEEERREAMIRG IR R XU,

EAESEMNEIRLEIN0ZEER, AMAXEPHLUB EESE, WE B fix:

Thread #1 Thread #2
. :
. ~
- &
\. ~
., . j.-"
""nx -
o o
" g
e "
{ .|
\ HE5HR /
, A
T -
4.3: i
Rl SL&IERES

SSEHMREBAHENNATRHSLERNES, FI—AFPirks, PETARSGIE
EEBHLEHITHNMSIESIE, MR UNREGESENYIRER., LT HIER
BXMESEN, ATESENVRER, 4EEREXMESELEEEIESEHRE
M. ZHRErfLART, SEETSEMEXBISE, GIUMAEAHLOORIEERAVEE, F
AR BTCUSRRPETER, MERKR—MSSERMEEENEZUMEEBIELIE, B
finsh shell k2RI, 9NE finsh shellfIHRilT, &FZ6]ES FiR:

rt_sem_release rt_sem_take
» —— 5| shell threat
A\

\ o)
Ky e s
t?p@ ~ 3 _/'e?&
%r UART buffer L _ o0
=] ! L4
N 4

0n
]
3
Q
©
>
o
-
(]
o
]
b4
oS
hag
e
A
on
w0n
>
o
2\:?
i
=7
T3]
<
A
it
i
180
B
o
it
i
1]

B20, MESR
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WS, SHconsolelxERWIBMAR, F=EREmiE APEIARSS G152, EPERARSHIFE
B, ERiEEconsoleiRFHEIE, FHIEIZFHIBIEM Avart buffer#ITE R, MEREK
S5 E, BRESENRFEREREEhelliE, EHMRSEGITRER, NRAKHTRE
tbshel R 2R ERESMFMELIZFER, shel ZIRFIFEESEHE1T, Muart buffersg
X FRIREE AR EIE,

« BE: PETSARERNERTERBESE (B) 7N, MNRARETH,

FIRITE

RFTHESTEREZEREANLENZES, XNMHRESERI M AR —LIETIFTM
FitE, MEEERIE—%EN, ErIUN—MESNAN—XREERNSEMH, flW, £~
EE5RBEHREFR, EFETUNMESHITZAEN, MEHEEERIEREREERE —IXEE

ENHER.
coEr —MRARUTBEEASRBEHANLRERS, EANTFREIMNRREGIERAF
FELENZSEVIR, XMFEN —PBMPFRETIAE, &8, FETHAIANE
FFi1E,

44 BRE
EREXNUHEEHRFNESE, B—WEHRN_EMESE, cNESETRANRE, €

XBEREMBN. BIRNEUEM LA SREZNEE. EFRETFN ERENTHER
BB FR.

Thread #1
Thread #2
e
pEE —
Thread #n

45 BRENTIEREE

EREMNKRESREEM, AR (FMRASE) . SREAERTEN, BRELT
ABURE, AXMLRERSENMEN. Bk, HXMEERRER, BNERFEHTH
B, REEMMEN, S—1EEREEREN, HthEREBRERN ERHITHENGEE
t, FEZEFRENEREHEBBIREXMMAREELE, IMtEES—RN_EESE
BRANAE, £ESEF, BABEAFEXM, 4ERIFEIRETMEE (REF
PRFEH ) o
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ERESESSENAS —MEERIEREARZMEARIE, FMBNLLAEELBMENE—4
BRAEREEFLIEETESENG R ZZEN, MRZESECH —MMEREER
B, MXMEMEREEERITIRFATEXBREE - LRERERNLELRS, FEIHER
SMAEREERTZ EERBMARNEIEMRAE, SSRMEEMSIIFRIE Fli: BRERN
A, BRICKI=/N4k12, fL%BRA>B>C, &iEA, BRTHERS, FHEE-—SM4ML, &2
CIEHEIETT, WRERECHRERRE—HEHRERM, EERATRETR, LREAFHNEMHIIR,
HKIEARRAMES, BRELLRECLLERS, MUILERT, ERILEAREARERR
MBS, ATFEEEREECER, FILREARERIRILIEZECSTT, WRIMLIEBES
FIEMRIR, WLIEBERAMES, HTEEBNNAERLLRCS, HILLIEBFIAET,
BERHIBITRE, &IECAFIREIT. REHLEMRAZTARME, LIEATBUNIT.
EXMERT, MERLKETEHR, LEBXTLIZFAEGIT, IHERERIESNERLE
B A oz B 8,

ERT-Thread BIFR AP EMH B A BRBRE L, MARBRZBETELIZAREE
FIHRIE A, FAIRCHIMARRAZNLIEANMERR, MR THREIGESEAEIE,
XAFREMRILEC ([BIERHBLLIEA ) #BIR G, MERBRDINETE, REENTSBEEMRRN
RMERLIENMREE, EZ2EMBSFHRRRNLEFRLLESHRBNELENRTRE
F, ARIIT, MEXMBAERLRERRZTRN, AERERLDRYNIRE, Hlt, 4%
RILGRNEIRRE T RARBEBREFIRELERIILIEE S,

- BE: ERTBERER, FRIRENERE, AEEREERENIREP, FEHT
BB ERELENML LR,

441 HREEHIR
BEREERIRIEIESEM

struct rt_mutex

{
struct rt_ipc_object parent;
rt_uint16_t value;
rt_uint8_t original_priority;
rt_uint8_t hold;
struct rt_thread *owner;

b

typedef struct rt_mutex* rt_mutex_t;

rt_mutex3F &R Mrt_ipc_objectiRE, HIPCHEEIR,

442 HRFEMXEND
BIEERE

BIE—NEREN, AREREIE-—NEREIEFIR, AEFAITZIZRIREYIAMCT
5, BIZEREFEATEMNRRIEN:
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rt_mutex_t rt_mutex_create (const char* name, rt_uint8_t flag);

BIBAEArt_mutex_create R BIE—NERFE, ENNRBFEnameFffifEE. EIENER
ERTEENfagAE, MEARNEX: {ERAPRIOMK LR aghIZIIPCH R, ES
FEHRIEN, BHMAEASHEEMILRERIR. MEMAFIFOLH &L flagtIZAIIPCH
R, EENEGREEHRRN, BREBAERESHINFERESER.

BB
S8 iR
name ERENRM;
flag BRENE, BN TFLEREE:

#define RT_IPC_FLAG_FIFO 0x00 /* IPCS¥FIF0S 34t =t/
#define RT_IPC_FLAG_PRIO 0x01 /* IPCEMRLEK >/

BRI ZSR ]
SIZmMINEEEREFENERETRN; SURERT_NULL

hkrEFE

RETBERAEREN, BUREREUBHRALRERE. HRERFEEHATENEK
#E0O:

rt_err_t rt_mutex_delete (rt_mutex_t mutex);

SR — N EREN, MESFHLERENEAERTRRE, FHEAIRREGMERLIE
R2-RT_ERROR, AFAFFZEFENAZTREERBRPMFARREFESANARE

==[a),
BB
S8 iR
mutex ERENRTNE;
BRIHHR O]
RT_EOK
VBt ERE

ASERENKNATFRERAARIZINARIFRIECH, —MRMTEIBERZIERS, &
ERAXARTSERENSRA, FEAHTVRL. VBCEFREERTENEHREZEOD:
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rt_err_t rt_mutex_init (rt_mutex_t mutex, const char* name, rt_uint8_t flag);

ERZRHIEON, SEEERENKNOWN (MERDERFEZFIRNEH) , ERE
BUMULERENS, EFENRSTH LHELEZERFERYERIPIRE,
RIS

28 A

mutex ERENRNAWE, THAFPRME, HEOERENRIAEF
3

name ERERM;

flag BERENE, BN TFRERIEE:

#define RT_IPC _FLAG_FIFO 0x00 /* IPCE%rSZFFIFO4edtset =%/
#define RT_IPC_FLAG_PRIO 0x01 /* IPCEMRLLE >/

BR FUR [E]
RT_EOK
BREERE

BMEEREFIEERENEMNAZNZEIRRTHIR, REEREFERA T ENRLKE
H:

rt_err_t rt_mutex_detach (rt_mutex_t mutex);

FERZEREOR, AREREBFREEAZERE FMNLE (LEMNIREOER-
RT_ERROR) , AR RZIG ZERENAZIN R E IR HERPHIER,
BB

W

g ETBU

mutex ERENRMIRE;

RIBGR [
RT_EOK

FNERE

KEBEUERERBRISANEFENABEN. 4ENERENAENEMRAE, FE—
NI — PN ERERER—MEERE, RNEFEERA TEMNRRIEO:
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rt_err_t rt_mutex_take (rt_mutex_t mutex, rt_int32_t time);

MRERFEBSEREMLIRIZS, BLARBFZERENERZFANRGZERE, R
EREESWHAILIZLIEES, NZERENHETHRM, LB ASEESH,
MREFEECEWEMLKIRELE, WINLRBEZERELEESS, ERHMARERNE
a4 F 10T (BB L 35 E AU B R AT 8],

BB
S8 R
mutex ERENRMEIRE;
time B E F1Fa0ETE],
BRIFGR E]

R INFRSE R EIR[EIRT_EOK; #ARE-RT_ETIMEOUT; HEf{hiR[E-RT_ERROR,

BHRERE

HERETAERARMICG, NRIRERESENERE, ESHMLEIZEERAIRE
ZEFE, RRNEREEATENERREO:

rt_err_t rt_mutex_release(rt_mutex_t mutex);

ERZRZIEON, RECLREEREEFNNLETERNE, 8RR—XKZER
E, ENEEITHRME. Y ZERENEETRAEN (EELEEEBNKFABENES
BfF) , EXNFA, SHTEZESELNAREERRE, MREAENGTIERAMERE
®B7t, BASEREWRNE, 4BEMRENFEERENNMLER.

RS

28 iR

mutex ERENRENK;

BRI ZSR @]
RT_EOK
ERERENFIEINTHIFRR:

* BEFER  EREFAfIRE

* EMBIFRARINNELREURERFAEREN, FENSREMEEES
* WREREFLRENERTRRSMERK,
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* ZF21, 2, SHRINERNSEHES A AE,

* BRAERAERE, MELEAEFELRE, WA IMMERN X
* PRI AMSKIR2NMEER. KB TRTRELFINMICAEEHRT
* ASEFE2NNELRAER,

*/

#include <rtthread.h>

#include "tc_comm.h"

/* FEm AT HPRATEET */
static rt_thread_t tid1 = RT_NULL;

static rt_thread_t tid2 = RT_NULL;
static rt_thread_t tid3 = RT_NULL;
static rt_mutex_t mutex = RT_NULL;

/* BFIAA K/
static void thread1_entry(void* parameter)

{
/* FEHRINSRETRBAT */
rt_thread_delay(10);
/* Afthread3fFgmutex, FFHthread2Z 3 EHmutex */
/* ¥&Ethread25thread3fLsckiBN, */
if (tid2->current_priority != tid3->current_priority)
{
/* RSEERAMEE, WKW */
tc_stat(TC_STAT_END | TC_STAT_FAILED);
return;
}
}

/* BFE2AE ¥/
static void thread2_entry(void* parameter)
{

rt_err_t result;

/* SRR EFRIZIT */
rt_thread_delay(5);

while (1)
{
/*
* HENFB L RS, Hhfthread33 g, Witthread3LEKIRF+
* Filthread248 R
*/

RT-Thread 3.0.0
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result = rt_mutex_take(mutex, RT_WAITING_FOREVER);

if (result == RT_EOK)

{
/* BIE YL */
rt_mutex_release(mutex);

/* BFEINA */
static void thread3_entry(void* parameter)
{

rt_tick_t tick;

rt_err_t result;

while (1)

{
result = rt_mutex_take(mutex, RT_WAITING_FOREVER);
result = rt_mutex_take(mutex, RT_WAITING_FOREVER);
if (result !'= RT_EOK)
{

tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* = KEERERR, E4L5040S Tick */
tick = rt_tick_get();
while (rt_tick_get() - tick < 50) ;

rt_mutex_release(mutex);
rt_mutex_release(mutex);

int mutex_simple_init()
{
/* BIEEFHL %/
mutex = rt_mutex_create("mutex", RT_IPC_FLAG_FIFO);
if (mutex == RT_NULL)
{
tc_stat(TC_STAT_END | TC_STAT_FAILED);
return 0;

/* BUEEFE */
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tid1 = rt_thread_create("t1",

thread1_entry, /* 22 A\ Ethreadl_entry */

RT_NULL, /* ALZ%0ZRT_NULL */

THREAD_STACK_SIZE, THREAD_PRIORITY - 1, THREAD_TIMESLICE);
if (tid1 != RT_NULL)

rt_thread_startup(tidl);
else

tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIELFE2 */
tid2 = rt_thread_create("t2",
thread2_entry, /* Zf2 \[1/2thread2 entry */
RT_NULL, /* ALZ%CERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid2 != RT_NULL)
rt_thread_startup(tid2);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIEEFEI */
tid3 = rt_thread_create("t3",
thread3_entry, /* Z&FE )\ [&thread3_entry */
RT_NULL, /* AZ#ERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY + 1, THREAD_TIMESLICE);
if (tid3 != RT_NULL)
rt_thread_startup(tid3);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

return 0;

#ifdef RT_USING_TC
static void _tc_cleanup()

{

/* BERLES, EBUR, BABYHREAMERE, (ol */

rt_enter_critical();

/* BFREFE */

if (tid1 != RT_NULL && tid1->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid1);

if (tid2 != RT_NULL &8& tid2->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid2);

if (tid3 != RT_NULL && tid3->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid3);

RT-Thread 3.0.0
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if (mutex != RT_NULL)
{

rt_mutex_delete(mutex);

/* AR */

rt_exit_critical();

/* R ETestCasef k& */
tc_done(TC_STAT_PASSED);

}

int _tc_mutex_simple()

{
/* BB TestCaselFIEEIER LR */
tc_cleanup(_tc_cleanup);
mutex_simple_init();
/* R[E|TestCaseizf THIERKSE] */
return 100;

}

/* i R ¥ an S Zfinsh shellesh */
FINSH_FUNCTION_EXPORT(_tc_mutex_simple, sime mutex example);
felse

/* ARMAAL */

int rt_application_init()

{
mutex_simple_init();
return 0;

}

#endif

443 fERFHE

BRENFERILRE—, AAERESEN—M, FEERUBIEREE. EYBIL
FIBHE, BREKEEHLTFHBEVRE, MELEFENEHENIZEDABIIRS, BF
EFEST:

s KRS APFEERENBERAT, IHTUEGEE—%ZZ X% )3FE mERMIEHiEYIE)
a;

 FIRES AT S LR MIEM A TREEIIER;

HIFENCHREFRENEETIRSHIEPER.
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45 &

SHEFERATEERNRY, SESEFE, ENRERARFIUIN-NZ, SWNESHE
T, —MEIEAEFESINEHFNMEL: TUREPEE—NSHREELIZHITSHLIEN
BE; IR SHHIAAR T MEELIEHITREMNIE; E, SHHAIURSNME
RS ESIMEHS, IMSIEHFNESTURA—M2MULEFSRIUTERKR, TENE—
URKR—NEY, &EET “BE5" = “BEx" 5 XS NEHEILXRE, EA—1
EHE, MM B3 MhRMNERY, BHNRLESENEG4Z—R4ERY; B
 “BE5" tiFARXBRERY, BNREAESETESHHAERY,

RT-ThreadE X IS4 EU TR

- EHASLENEX, BHEEER: SIEERERNEHTE, RA—132 bit
EFFSERLHATICR, B—IitkR—ANFBH, EFIEHHER—IEUEE;

- EHNATRS, TNRHKEERINEE;

- SHTHEAY, ZRALEREF-—SFHWMRLEERRERLIZE), HURER
FREE—X,

ERT-Thread UL, BALREHWE—NEHEEIIE, SE=/AEH, 38
RT_EVENT FLAG_AND(Z%85), RT EVENT FLAG_OR(Z%83% ) U ZRT EVENT FLAG_CLEAR
(BBRIRIE ) . HEARZFHEEHRITE, TUEER2NEHREIIXNEHEERICKREIRR
SREWNSHERERERY FH.

IRESH

Threads 4.4—%3%

Thread #1 [ 0 | 0 | 1 |0 | O | «ooeee (oo oo 1L 0|0

—:...q\)l

e LA
<OR/AND>

4.6: EHTIFREE

E BHTHEREE iR, SE#1NSHRERE2MUMBUREN, WREHE
Sirciig s, NWRREEHRBESHINEF2IMREUNST WAL REE, 9
REMHERFCAIRNDEEN, WEFISEHIPHNEE—NRESIMEIREBELIEA,
MREBIFICEINRE TIRMRIRCAL, LR REERIFENEEMHMMEMH29B /T,
BNEHIREHRATE (BE1) .
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4.5.1 ZBFEHIR

struct rt_event
{
struct rt_ipc_object parent; /* ZfA#EHipc_objectZs */
rt_uint32_t set; /* BHEE */
b
/* rt_event_tEIEMFHLEMIRKITEST */

typedef struct rt_event* rt_event_t;

rt_event¥f & Mrt_ipc_object Hik4E, HIPCEREIE,

452 ZBEHMEXEO
BIEEM

SRR EHN, ARELLIR—IEHERIR, AEMZEHERIRETERET)
ait, RIESEAHERTENEED:

rt_event_t rt_event_create (const char* name, rt_uint8_t flag);

BRZERZZEON, RASNDSREERIEBEENR, REHITWRIYEKL,
IPCITRFIA1L, FilsetiRERLO,
RS
S8 R
name EHMBNT;
flag EH0NRE, FTUAERITIERIE:

#define RT_IPC_FLAG_FIFO 0x00 /* IPCZ%aXFHFIFOF Y/
#define RT_IPC_FLAG_PRIO 0x01 /* IPCS¥K AR A */

BRI ESR ]
BIEAINEEISE ARV GE; SIZKBGREIRT_NULL,
MpREE 4

REFBERSANRE, BERREANRIZFIRRERARRZIR, MRS UE
AT ErERAREO:

rt_err_t rt_event_delete (rt_event_t event);

EiARrt_event_deletelR PR — MBI RN, NMZMRZEGABREM, EMR
RIS WREEFT B EEEIZEH LH4IE (LEMIRE(ER-RT_ERROR) , AERREMHNRSE
FRIATFR,
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2 Hir

event EHNRIIEINE,

RIBGR [
RT_EOK

aitsEH

ASEMANRNRATRERARRFNARIFEIECN, —MRNTRIEERNZIERT, EfE
RRSEANRE, BERITHEETIRLERFE. YIRCEHERTENEERED:

rt_err_t rt_event_init(rt_event_t event, const char* name, rt_uint8_t flag);

WAZEON, FEERSEHNRNGOM (ERSHEGIRNES ) , ARRAS
VIIRLEHNR, HNARRANRERHHITEE,

RS
28 AR
event EHNRIYENE,
name EHaM0;
flag EHMNRE, TUAERITIERIE:

#define RT_IPC_FLAG_FIFO 0x00 /* IPCEYqZFFIFO >/
#define RT_IPC_FLAG_PRIO 0x01 /* IPCEYE AL A*/

RBGR [
RT_EOK

e Ies
BRESHRESHNRMAZN REER TR, RESHERTENSEHRED:

rt_err_t rt_event_detach(rt_event_t event);

RAPIERXNREE, RAELREMBETZEHSFEAI EHNERE (LIEMREIE

- RT_ERROR ) , AERHZSBMHNRZTREEEHMER,
RS
o iR
event SHRRBIDR,
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BB FR [E]
RT_EOK

EWESF

RIZEA2MMN LTS BERHRIFAES, ENE—URR—AEH, Bt— S4W
SE] RN EHER32MNESH, AREIUBETEEEESH “BiE5" o “BiEX" REE
MEEETE, R “BE5" SERRABHMESENEGBLENAMELTE, ME
A “BEx" sHNRRRABE—NEENEHLREMBELE. BUSHERTEMNRE
®O:

rt_err_t rt_event_recv(rt_event_t event, rt_uint32_t set, rt_uint8_t option,
rt_int32_t timeout, rt_uint32_t* recved);

SRAFPIARXNMEORN, RAELRIEsetSHNBERETREMEERRNEGHRS
2%, MRBELRE, WIEBHESHoption LR EIZREBRT_EVENT_FLAG_CLEARKRE B &
EEEHMMENIRENM, ABREO (HEfrecvedSHREIEINEG ) ; MNREBELE,
MIBEFMsetfloptionSHIBANLEEABNLEM T, ABIELEBEEELSEENSKLE, &
HFEFNEHHEFEFENEBEIEERBRATE, NREBRNEIREAT, NRER
SEEEEINEHLEREEERNMAFR, MEKRE-RT_ETIMEOUT,

RS
5 R
event EHNRIVAIAE,
set B TE RSB E G
option USRI,
timeout 15 7 iB AT A (8]

recved BERIRES;

BRIHHR O]

[EMREWGRERT_EOK, #8AYRME-RT_ETIMEOUT, EftiR[E]-RT_ERROR,
REEN
BYREBAFRS, TURE-IXSIBEMF, REBHFTUMERTENRZRED:

rt_err_t rt_event_send(rt_event_t event, rt_uint32_t set);

ERZREZEON, BISHsetEEMNEHIMERIREevent I RNEHINEE, A
BHFHEeventEHNR ENFHLIENR, FIMRSHEAENSHEERESRlevent
WREHIRGERE, RE, MNREEZLE,

RIS
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S8 R
event EHNRIVERE,
set REMEHLE;
BRIHGR O]
RT_EOK

ERSHRPIFZN T OIFTR:

/*

*

FEFFiBE | EHBIFE

* XNEFLAEINNELFERNAU— R EEHNR
* —AERERFEEHNR ERIRRES

* —AEREENAESEE (FH3)

* —ANEREENAESMSE (EH5)

*/

#include <rtthread.h>

#include "tc_comm.h"

/* FEMEFHTHIRKITEST */

static rt_thread_t tid1 = RT_NULL;
static rt_thread_t tid2 = RT_NULL;
static rt_thread_t tid3 = RT_NULL;

/* BHEBER */

static struct rt_event event;

/* BRI K% */
static void thread1_entry(void *param)

{
rt_uint32_t e;

while (1)
{
/* LS A RS */
if (rt_event_recv(&event, ((1 << 3) | (1 << 5)),
RT_EVENT_FLAG_AND | RT_EVENT_FLAG_CLEAR,
RT_WAITING_FOREVER, &e) == RT_EOK)

rt_kprintf("threadl: AND recv event @x%x\n", e);

rt_kprintf("thread1: delay 1s to prepare second event\n");
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rt_thread_delay(10);

/* PLZESp TR E 4/

RT-Thread4miZE/

if (rt_event_recv(&event, ((1 << 3) | (1 << 5)),

RT_EVENT_FLAG_OR | RT_EVENT_FLAG_CLEAR,
RT_WAITING_FOREVER, &e) == RT_EOK)

rt_kprintf("threadl: OR recv event 0x%x\n", e);

rt_thread_delay(5);

/* BFELNA K% */
static void thread2_entry(void *param)

{
/* BFRUFFEMAILFHHS >/
while (1)
{
rt_kprintf("thread2: send event1\n");
rt_event_send(&event, (1 << 3));
rt_thread_delay(10);
}
}

/* SFEINERER */
static void thread3_entry(void *param)

{
/* BFRIFFEOMA LTS */
while (1)
{
rt_kprintf("thread3: send event2\n");
rt_event_send(&event, (1 << 5));
rt_thread_delay(20);
}
}

int event_simple_init()
{
/* AEGIR X/
rt_event_init(&event, "event", RT_IPC_FLAG_FIFQ);
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/* BIELFET */
tid1 = rt_thread_create("t1",
thread1_entry, /* Z&FE A\ [Zthreadl_entry */
RT_NULL, /* A[IZ%ZRT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid1 != RT_NULL)
rt_thread_startup(tidl);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIFREFE2 */
tid2 = rt_thread_create("t2",
thread2_entry, /* 202 \ [ 2 thread2 entry */
RT_NULL, /* A[IZ#ERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid2 != RT_NULL)
rt_thread_startup(tid2);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIFRZFES */
tid3 = rt_thread_create("t3",
thread3_entry, /* Zif2 )\ [ 2threads entry */
RT_NULL, /* ALZ%ERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid3 != RT_NULL)
rt_thread_startup(tid3);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

return 0;

#ifdef RT_USING_TC
static void _tc_cleanup()

{

/¥ BER LS, EBUR, BABYHREAMERE, (gl */

rt_enter_critical();

/* BIFREFE */

if (tid1 != RT_NULL && tid1->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid1);

if (tid2 != RT_NULL && tid2->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid2);

if (tid3 != RT_NULL && tid3->stat != RT_THREAD_CLOSE)

RT-Thread 3.0.0
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rt_thread_delete(tid3);

/* PATEHXIRIAE */

rt_event_detach(&event);

/* Az RYL */
rt_exit_critical();

/* BB TestCaselkE */
tc_done(TC_STAT_PASSED);

int _tc_event_simple()

{
/* W B TestCaselEIREPRERL */
tc_cleanup(_tc_cleanup);
event_simple_init();
/* 1R [E]TestCaseiz TR KA */
return 100;

}

/* Wit ar 42 finsh shellsh */
FINSH_FUNCTION_EXPORT(_tc_event_simple, a simple event example);
felse

/* BRNAARA */

int rt_application_init()

{
event_simple_init();
return 0;

}

#endif

453 {F@EZE

SHEERTZMTE, EEBE—ERELENESE, BTLRERRS, — 1%
BEPERSHIERE - N EHAEHNR, MESFHNERERREANBNNEFET
12, BERESESEFTANR, EHNREIEFESHRERA, BRARTH, ME
SENBRIMMERR TN, BE4IM—IMHUER, BREAESHSNES, SN EH
WR—MEFRE S MEIE, ERRBLAESENSE, TEER "S8x MALRE "248
5" g, IMHMHERESESMAEEN, FSERERMNE—NRKNE, MAER
R EESMRRER, B SEHEE FR:

ENBHRBA DRI —RELZLAFHNR, MEATREAUFHFSNEIE, €1
S EMNBMBHEM4HITXE, SHEENBMEBNEARLER, LREMERREFHTE
LRALIETNE,
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SH4E
R
Lot ]|o|[0 ]| - olo|lL|o|lo|lL]|O]oO
L J
s
| J
¥
Thread #1 Thread #2

B 4.7. 254K

4.6 HRFE

ERFEARSS BSEAHRIFR AR —MABENESEEREHE, HREFHLERE, MER
. WEFNE—HEBFREFNEENIFTAET (HB2ULERSE, BHEK/NEAN
ANFT, FRCA—HHRHIGIFRE BN — MR ) . HEMMERRERIRER, WME6-8AT
™, EKRENPIRSHIRRIC—H4F N KENMARIZZEESR, m—P S MERETUMN
RS R FE KO Le R (A T T AL IR,

RIS R HIER

Thread

~d e o SLTEIAS

A
FERSEGRE 1 [~ A e | . Thread #1 Thread # 2
— AR~

AN

RT-Thread i#F R ARANMEBEENHEREMUTERAEX LNEE, BTHEEE
Mo AEFEEH NN RIZTIZEBREMNATHERS S, B4FE, TS, EiEE
ALERZEENENFR. BERE, MEFWELIZ]ERMEN, EURTHEPRS
BHRH, AR UKERHEBAF AT ig B A BAT (8], =iHRFE AP A TFAERR(E B8Rty (8] AR 08y, MR
WEGE F2F ERLFEETI TN, FRATEX R T, REEMLIZHEITHRAAIULER,

RT-Thread % {F R BIERAE P o] 77 HE E SRR BVER T, HRAEE B CIZ/ YA L ARFERT IR
E, BIRMERNAAFT, SFEEELEEERIERAIERN, AIEER—MERX
BIFEETF S BB & IX 2 BRAE .,

E—NAIERERFE REHRFRY, WMRIBFELH, FICMAEEFIZIEETR. WRMHEEZ
T, RELETNREBIAYE, EREESFHHEENERRME-RT_EFULL, NRKIEL
RIERERSE, B HHRAEP AR IRENM = LR, FEFERNREARITRGR
345303 RpUR N

E—MLTE BB IZUHR RS, SIRMBFERZRY, BRLRETMNERRESSHERER
BRI FROBR T AREE, SNIREEATATE, HARREMERRIE, #RFERARIEIHRHE

B 4.8: BB TEREE
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B, IXAME R B SRR LIIG R ER R [O-RT_ETIMEOUT, WNRERAEFFEMRME, B2
BWEIRE E 6P AN F U IR E R IR &IR .

4.6.1 HBFGI=MHIIR

struct rt_mailbox

{
struct rt_ipc_object parent;
rt_uint32_t* msg_pool; /* BRFRLRIPX A FFaaHE */
rt_uint16_t size; /* HRFEZRIPX A KN */
rt_uint16_t entry; /* HpFEF AR ARO%R E */
rt_uint16_t in offset, out_offset; /* BRFEZ PR RS */
rt_list_t suspend_sender_thread; /* ROELFERIERR ELEFRNT */
b

typedef struct rt_mailbox* rt_mailbox_t;

rt_mailbox &R Mrt_ipc_objectdik4E, HIPCAREIE,

4.6.2 MRFEMXEO
BIERHRE
BIEEARFEN R AT LRI T & ED :

rt_mailbox_t rt_mb_create (const char* name, rt_size_t size, rt_uint8_t flag);

BIZIRAEN R 2R — MREI RIZHIR, AFHERFE S —IRAF =8 FARFH
B3, XRATFHRNETEERN (4F7) SHEFTENFRRA, FEEVIRCEIRHBAE
RIEHMHTEHBRE PR £

RS
S AR
name HRFE R R
size FEE=E;
flag BRFEMRS, ERJLABIN T HUE:

#define RT_IPC_FLAG_FIFO 0x00 /* IPCEYFFIFO =/
#define RT_IPC_FLAG_PRIO 0x01 /* IPCEYX LA EA*/

BRI ZSIR ]
BIEZALINR CIERFEIT REVEINA; BNIRE-RT_NULL,
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illE: g

HEPFEABWERR, MZBRERBBRENNARTR, —BRIFTM, mRERFRX
AMERIMER. MIFRERAERREIEOMT

rt_err_t rt_mb_delete (rt_mailbox_t mb);

ERERAERT, MNRBLRBWITRAIZMBENR L, AZTREBEREIZEE LM EL%
12 (L723R1SIREMER-RT_ERROR) , ARBEMEEERNIATE, RSHRIBIETR,
RS

W

g iR

mb HRAE YT SR E EIHA,

BRI ZSR ]
RT_EOK

LN

VB RBFE R IR MBFEZE N, R 2 VAL BT TRR MR RIVM AL, Hit5eli2
HRFERENRE, AR SHFEN R ERMNAGTEZ B RHBFP&IEIEEN —NMEHFX ),
FAPIEEHXIIEHEBAMAENRIESIR, EROVBEIESEEMMMERNAER, R
OaF:

rt_err_t rt_mb_init(rt_mailbox_t mb, const char* name, void* msgpool,
rt_size_t size, rt_uint8_t flag)

VIsa(LHRFERY, ZRFROFTERSAF EERERGIMENRIZRIR, EhXa9HE
i, UREBFERMIMESE.

RS
28 A
mb HIEPSEL DL TR
name HBFE AR
msgpool FMXIEEH;
size HEETE;
flag BRFEMRS, ERJLABGN T EUE:

#define RT_IPC_FLAG_FIFO 0x00
#define RT_IPC FLAG_PRIO 0x01
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BB FR [E]
RT_EOK

«E: XEBRsizeSHIEENRMBENETE, BIUMNEmsgpoolIFHEEN, BLIPFES
EMNi1ZEN/4,

Hi B2 B AE

Fit S B A 45 HE BB AE YT SR A RIS RE TR S PR, AR ESHBARER T EAYED:

rt_err_t rt_mb_detach(rt_mailbox_t mb);

ERZEREDRE, RZEREFRBETZEE LNE&RE (XERBREER-
RT_ERROR ) , G ZHBFEN RMRZITREE MR,
RS

W

mb HRAE YT SR A FIAA,

BRI ZSR ]
RT_EOK

RIXHBEF
LA NE PRS2 /7 rI OB o AR 258 B A2 R X MR, REHBAFREIEONT:

rt_err_t rt_mb_send (rt_mailbox_t mb, rt_uint32_t value);

RIZMIHRA AT AR 2AESENERIE, — M BEAENE - NMEREPXEVIEE. =R
PRV B ZMET, &RIXHBAFEILIZEE HITIZF 2 UREI-RT_EFULL AR [E1E,

EESH
5 AR
mb HRFEXT R A A ;
value RN E,
EIEGR E

AIERLINRERT_EOK; tNRMBFEEL# 7, RME-RT_EFULL,

FRARIEMER
FA Pt BT BAEE 90 T B8 £04% 1 (245 TE BB AE A& R -
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rt_err_t rt_mb_send_wait (rt_mailbox_t mb, rt_uint32_t value, rt_int32_t timeout);

rt_mb_send_wait5rt_mb_sendBIXFIETF, NRMBFEEEH T, PBLREEIZHFIEE
IRTEMtimeoutS N E B P E D UINENM G MT = (8], R ERIBAY Y [B]2LA MR IA %
BT, XA &IELIRIG R ERIR Bt 1R,

RIS
S iR
mb HRFE T SR A EHE ;
value BBEAE;
timeout FEAT AT E],
PREHR ]

&IERLIMIREIRT_EOK; 1R 1% BHIAT B BAHKIARRIZML), RE-RT_ETIMEOUT, H
fttE L3R [E-RT_ERROR,

LS

REGERERRERE R BT, HUWE T seXBNENEI#R iR ERT_EOKAYR @]
B8, SNERLESREBNNEIRE, SELEAMMBNSEEIEIIL, SERRE, &
BB E IR O T -

rt_err_t rt_mb_recv (rt_mailbox_t mb, rt_uint32_t* value, rt_int32_t timeout);

EUTHRAES, BWEFREREMFRIBRE M, FEERRRIMEREFRAIE U R
ZEENSHREBRETE, MRFBWFHIE THEE, BT EAKRARKEIMBER, R
[5]-RT_ETIMEOUT,

RS
2 A
mb HRFE XY SRAD EHE ;
value BBIFAE;
timeout BB AT (8],
BRIHHR O]

A IIWEIR EIRT_EOK, #BAY:RE-RT_ETIMEOUT, Hf{tiR[E-RT_ERROR,
{EFRERFER BRI T BIFT R :
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*

RT-Thread4wf215Ra

* IMEFASAEN TSI, —MERSHERAY R, HP—EAR il ZE s,

* — AN FE ARFE A UCER AR
*/

#include <rtthread.h>
#include "tc_comm.h"

/* FEMEFEISHITEST */
static rt_thread_t tid1 = RT_NULL;
static rt_thread_t tid2 = RT_NULL;

/* BRFEIETHIER */

static struct rt_mailbox mb;
/* BT MR */
static char mb_pool[128];

static char mb_str1[]
static char mb_str2[]

"I'm a mail!";
"this is another mail!";

/* KFEIANA */
static void thread1_entry(void* parameter)

{

unsigned char* str;

while (1)
{
rt_kprintf("threadl: try to recv a mail\n");

/* AHBFEP R BB >/

if (rt_mb_recv(8mb, (rt_uint32_t*)&str, RT_WAITING_FOREVER)

== RT_EOK)
{
/* BIREPFERE */
rt_kprintf("threadl: get a mail, the content:%s\n", str);
/* FERF104N0S Tick */
rt_thread_delay(10);
}

/* &R */
static void thread2_entry(void* parameter)

{

rt_uint8_t count;
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count = 0;
while (1)
{
count ++;
if (count & 0x1)
{
/* KiEmb_stridbhtERIMEsES */
rt_mb_send(&mb, (rt_uint32_t)&mb_str1[0]);

}
else
{
/* FiEmb_str2ibtEIMEFEF */
rt_mb_send(&mb, (rt_uint32_t)&mb_str2[0]);
}

/* FERF204N0S Tick */
rt_thread_delay(20);

int mbox_simple_init()
{
/* ¥iafk—Amailbox */
rt_mb_init(&mb,
"mbt", /* ZFREMbt */
&mb_pool[0], /* HRFE RN FtEmb_pool */
sizeof(mb_pool)/4, /* K/N@Emb_pool/4, RAEEHMMERA/NEIFET */
RT_IPC_FLAG_FIFQ); /* SFIFIFO 374725 */

/* BUIREFET */
tid1 = rt_thread_create("t1",
thread1_entry,  /* Zf2 A\ Ethreadl entry */
RT_NULL, /* NOSEERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid1 != RT_NULL)
rt_thread_startup(tidl);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIFERZFE2 */

tid2 = rt_thread_create("t2",
thread2_entry, /* HFEANORthread2_entry */
RT_NULL, /* NASEERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
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if (tid2 != RT_NULL)
rt_thread_startup(tid2);

else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

return 0;

#ifdef RT_USING_TC
static void _tc_cleanup()

{

int

}

/¥ BERLES, EBUR, BABYHREAMERE, (gl */

rt_enter_critical();

/* BFREFE */

if (tid1 != RT_NULL && tid1->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid1);

if (tid2 != RT_NULL && tid2->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid2);

/* PATHIFEST SR B */
rt_mb_detach(&mb);

/* JAERREL */
rt_exit_critical();

/* R ETestCase k& */

tc_done(TC_STAT_PASSED);

_tc_mbox_simple()

/* HETestCase/BIREER ¥ */
tc_cleanup(_tc_cleanup);
mbox_simple_init();

/* IR [E]TestCaseiz{THIERKATE] */
return 100;

/* Hiti R ¥an 43 finsh shellsh */
FINSH_FUNCTION_EXPORT(_tc_mbox_simple, a simple mailbox example);
#else

/* BPRNBAL */

int

{

86
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mbox_simple_init();

return 0;

}
#endif

463 {EAZE

HRFE R — TR RLIZEEEEER N, ERT-ThreadiRFRARISLIL P EERS —IREHE
AFTIERMGF, FEHRERESE —ERTFEINE, EBET —ERENERFR(IAREEIE. %)
IRILHRFER IR E B ERTE), B —HMAFNRAKERIFT, FMCAEREEBZATAE
HAFHHNEREE, SEENERRKEARTIMIBERMTERRAMENSN. REE
MR, ARMURELAFTHIATRFESHE—METH, FTUBELESBHF NG ETET
ByrEs, fIgn:

struct msg

{
rt_uint8_t *data_ptr;
rt_uint32_t data_size;

WFXFE-—NHBEME, ERFESTHERRENE T data_ptrilERKENEE
data_size, H—MEREFEIEXNMEERIZLRIN—NELIER, FTURAUTRIERE:

struct msg* msg_ptr;

msg_ptr = (struct msg*)rt_malloc(sizeof(struct msg));
msg_ptr->data_ptr = ...; /* FEEAHN FEE RS/
msg_ptr->data_size = len; /* ZiEiRpEZ*/

/* BIEXANTEEIEEHambEbFE*/

rt_mb_send(mb, (rt_uint32_t)msg_ptr);

MEEWLES, ERWELIREZET, Mimsg_ptr@— NP EHRNAEFR, A
MR REA IR e le, FERMBENIATFR:

struct msg* msg_ptr;

if (rt_mb_recv(mb, (rt_uint32_t*)&msg_ptr) == RT_EOK)

{
/* FEFRWARRNETE R, TERBENKANTFR*/
rt_free(msg_ptr);

4.7 BEPBAY

HEMIIRZ —MERNLREEENAN, EEBEKRBLAENTERSFEPRE
ERKENER, ALHREFEBCHATFEZEH, HithiiFthaea B2 T RiEERMN
FEE, MEBESRATIRSMEME, FIUAERIRENLTE, SEMIERINAR, EEMLE
FHRIREE AW HLIRER, HEWIIR—MELHEREA.
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WNE HERIINTERERE iR, @TESTIRS, SiZsiAErARsSSFIFEn] AE—
FRSFHEEBMNBRAIIR, B, —PHSNEERTUNERIIPRGHE. 2B
NMHEBRZZEERAIIR, BEMELEHENEDAIIMBRGEALIE, MR, &2k
FEMNRRLHENBRIIBGEE, BISTETHRN(FIFO),

HERAF i1
KistE BEEF
Thread SR _,|:| D ...... D
e o MRS SRS
SRETIRSHEFE 7
%’; HEMRE E |:| _._, | Thread #1 | | Thread #2

B 4.9: BRI ITIEREE

RT-ThreadiZE R ARVERAIINRAS Nt RAM, HESBATIHKEIER, EME
DR TIEBAIIZHIR: JERAINEM,. RFEAX. BEX/NAKKIIKES, EE
NERBIINKRPEIZEZNEEE, BNMERETUER—FER; B \IZA@J':PE"J%—
MIBRE—NMEERE#RS N ABESHERIIEERRRE, WHTEHBAIIIEGIRPHN
msg_ queue headfImsg_queue_tail; BLEHEHEFRIGERTHI, EAEImsg_queue_freef
—NEREEERR, FTEHESIIPIESELHNZEEMRINKE, INMKETE
EMI?A@J SIS E,

4.7.1 /ﬁ:uBﬂﬂ?? Ui;%

struct rt_messagequeue

{
struct rt_ipc_object parent;
void* msg_pool; /* FRUBERIBEMF it */
rt_uint16_t msg_size; /* BNMBERKE*/
rt_uint16_t max_msgs; /* BRKBEB RN B L/
rt_uint16_t entry; /* AR EBRIBEE/
void* msg_queue_head; /* BEREERKY/
void* msg_queue_tail; /* THERERE*/
void* msg_queue_free; /* TRHERERY/
b

typedef struct rt_messagequeue* rt_mq_t;

rt_messagequeuelt& Mrt_ipc_objectdik4E, HIPCEREIE,
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4.7.2 HBMIIMEXEO
BIZH S AT

HBPAFIEE AR, NMZWEIBHR, SN EBRFSHRAIINREITYIRL, LI
HEIIR B WN T ATR:

rt_mg_t rt_mq_create(const char* name, rt_size_t msg_size, rt_size_t max_msgs, rt_uint8_t flag);

BB B RATIR B eI —NERBATIN RIZHIR, RRGEBNIIDE—RATFZIE,
HAMERHRHER, ?ikV\JﬁE’JK/J\ ETUHERRNHERL (ATHRER) |15EEM
JIREMRR, EEBYIRMESRAY, LWEESAIIAZE

RESE

S8 R

name HEBATIBI B,
msg_size HE P —FEENRAKE;
max_msgs HEBINRKEE;

flag HERTIRANERFAI, STUEYE:

#define RT_IPC_FLAG_FIFO 0x00 /* IPCZ%aFFIFO =Y/
#define RT_IPC_FLAG_PRIO 0x01 /* IPCS¥uX ML =\*/

BRI ZSR ]
RLINBIER BIE S RASIRTRAVEI4E; & MIR[E-RT_ERROR,
SIS

HERBAIIANBRERN, NZBREMRRARRR, —BiRFxMR, BIAIER
KAMRMER. MERESEATIRZIZOMT

rt_err_t rt_mg_delete(rt_mg_t mq);

bR 2PATURS, MNRBAERIFRAZEEAINFEIAT £, WAZTREREREZ
HEESAT LB 4TE (GREMER -RT_ERROR) , AEBRRUEENIIERNRNE,
SRS TP E R

RS
S8 iR
mq THE BTN R B AR ;
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BB FR [E]
RT_EOK

YAt 2T

VIALESE BTN KR EIBB BTN REM, RRFSERMNIINKNANFREE
RAmIFNERFRSILHN, MR TRIBERNZIERFR, FEEAXEFHNEENIINSRE,
FEHITYIRNL, MRCBESAIINRIRHREONT:

rt_err_t rt_mq_init(rt_mg_t mq, const char* name, void *msgpool, rt_size_t msg_size, rt_size_t pool_size,
rt_uint8_t flag);

Ve tiB2RAATIEY, ZIZOFERSESAIINRITR (BNIEEESATIITRIZHR
gt ) . HEIIR, BREFAXEEH. BRXNMUKBEBNIITE, WE BRI
THREE iR, BRNIINBHEEFREREERHEEZHNESERLE, BRAIAZE,

RS
S8 iR
mq EEERSIE RGN KA RI4E;
name HEBATIBI B,
msgpool RATFHERBERMNERX;
msg_size HEBAIR—FEENRAKE;
pool_size FHUEERE X K/ ;
flag HEBATIRAMERSAI, FTUEVE:

#idefine RT_IPC_FLAG_FIFO 0x00
#tdefine RT_IPC_FLAG_PRIO 0x01

BRI ZSR ]
RT_EOK

i B iE 2 BAT

B2 E 2BA TS EE 2T R M AT R E IR MIER, AREESRASIER T EAY
#0O:

rt_err_t rt_mg_detach(rt_mg_t mq);

FERZEHENR, AZEGRBEFREEEZEESEMIINER EMLIE (GROEER-
RT_ERROR ) , B ZEEATINRMAZIT REIRESFHIBR,
RS
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28 iR
mq 1B EFSIEEBATII RAYEAR;
BRI ZSR ]
RT_EOK
4 7 3 E ﬁIL.:\

KIENETHRSIEFH TS ERIIAXES, HEXEEHN, HETINRIEMR
TRERHRLNT N RBEER, ?E%’%&&%%ﬁﬂﬁﬂm‘kﬁm HERNBEFZHER
RE, RARIBZESREZESMNINNELRD, SENSZTRNERURLETANTSRAER
WY, REEAEMNEZEHES; STSREESHR ELFTRAERR, HREZBAIIEH, Lt
B, Eiiiﬁ,%\ﬂﬁﬂﬁéﬁﬁi%%ﬁm‘ 23— MRS (-RT_EFULL) , &RiXHERREIE
OaF:

rt_err_t rt_mg_send (rt_mg_t mq, void* buffer, rt_size_t size);

RIZEER, KEEFEELRXZIMESATIGTR DR (BNEEEBATIZHIRAVHE
'), FEEERZEMWERRABUREEXR/N. ME EEMRINNIFEREE IR, XX
—MNEERERZRE, ERBEREREANNEEBRERE THRIE,

RS

S8 R
mq THE BT REY AR ;
buffer BERA;
size HEXIN,
PRIFUR [E]
KERIMRERT_EOK, NRIEEBAGIE R E-RT_EFULL,

REZZHEMIREREHBLF—#, W—HNAER, HREZEEN, N=EMR
HERMREETRIEBRAZEZESMIINAE, MEEZE, X%, EIWEMEEDR
MARKIZZER, NREHTEEAE, KZEHEBNRHEOWNT:

rt_err_t rt_mg_urgent(rt_mg_t mq, void* buffer, rt_size_t size);

R
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S8 R
mq EISWNADSER DL TR
buffer HERA;
size HEXIN,
BRI FUR [E]

RIERINIRERT_EOK, YNR;EERAYIE#3&RE]-RT_EFULL,

EWER

HHSIREREEN, BRETEEKER, SNEKERIEBHNATEIRESNEL
ERRTIRERFLIZAY £, SKEEERE, FI ﬁg LEOWT:

rt_err_t rt_mg_recv (rt_mq_t mq, void* buffer, rt_size_t size, rt_int32_t timeout);

EWHER, BRESREEFMERNERMNIINRTR, FEBE-—ITRFEPX,
BRRMEEATHRERNDZEFXE, LH, EFREERELNEE S B
i8], WMEESRIINITERER iR, BIR—NMNEREHEEN LHAEEERERET
Z iR B iR ESR,

RS
S8 R
mq HEBATIN R BV RIAA;
buffer BAFEREENBEER;
size HEX;
timeout 1B TE BB AT B [E],
BB FUR [E]

FRINURRR[ERT_EOK, #8ATIR[E-RT_ETIMEOUT, E{thiR[E]-RT_ERROR,
R E2RATIBIBIFE AN T BIFT R

* FEFIEE L JHERNSIBIFE

* XANFEFASBNEIN LR !

¥ —ANEFES }A/ﬁgﬁ)\ﬂﬂiﬂq&ﬁl/ﬁg ;

* —AKRESTENAIHEIAEER ;

* ALK RESTENAIHENI A X ARBIER,
*/

#include <rtthread.h>
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#include "tc_comm.h"

/* FEMEFEIEHIRITEST */

static rt_thread_t tid1 = RT_NULL;
static rt_thread_t tid2 = RT_NULL;
static rt_thread_t tid3 = RT_NULL;

/* TBEBAFEER */

static struct rt_messagequeue mg;

/* JBEBASIF ARIMSEHERANFD */
static char msg_pool[2048];

/* SRFEINEA KL */
static void thread1_entry(void* parameter)

{
char buf[128];

while (1)
{
rt_memset(&buf[0], 0, sizeof(buf));

/* WIBEBRIIFPHRBIHEE */
if (rt_mg_recv(&mg, &buf[0], sizeof(buf), RT_WAITING_FOREVER)
== RT_EOK)

/* WHRE Y/
rt_kprintf("threadl: recv a msg, the content:%s\n", buf);

/* FEIRT104N0S Tick */
rt_thread_delay(10);

/* BFELNA R */
static void thread2_entry(void* parameter)

{
int i, result;
char buf[] = "this is message No.x";

while (1)
{
for (1 = 0; 1< 10; i++)
{
buf[sizeof(buf) - 2] = '0" + i;
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rt_kprintf("thread2: send message - %s\n", buf);
/* RIEIBERNHENSF */
result = rt_mg_send(&mq, &buf[0], sizeof(buf));
if ( result == -RT_EFULL)

{
/* JHEBNS#E, FEIRTsES[E]) */
rt_kprintf("message queue full, delay 1s\n");
rt_thread_delay(100);

}

/* FERF104N0S Tick */
rt_thread_delay(10);

/* SFRRINCREL */

static void thread3_entry(void* parameter)

{
char buf[] = "this is an urgent message!";
while (1)
{
rt_kprintf("thread3: send an urgent message\n");
/* REERZIBERHENSF */
rt_mq_urgent(&mq, &buf[0], sizeof(buf));
/* EBF254N0S Tick */
rt_thread_delay(25);
}
}

int messageq_simple_init()
{
/* WaWIEERS */
rt_mq_init(&mq, "mqt",
&msg_pool[0], /* PN7F/bTEEmMsy_pool */
128 - sizeof(void*), /* G JHEMKI/NE 128 - void* */
sizeof(msg_pool), /* PNAFEIA/NEMSY pool R/ */
RT_IPC_FLAG_FIFQ); /* MIRBZNMEFEESF, REFIFOMAENECHE */

/* BIELRFET */
tid1 = rt_thread_create("t1",
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thread1_entry, /* Z&FE )\ []Zthreadl_entry */
RT_NULL, /* NOSEERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid1 != RT_NULL)
rt_thread_startup(tidl);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIELLFE2 */
tid2 = rt_thread_create("t2",
thread2_entry, /* Z&FE )\ [Zthread2_entry */
RT_NULL, /* NASEERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid2 != RT_NULL)
rt_thread_startup(tid2);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIREFES */
tid3 = rt_thread_create("t3",
thread3_entry, /* ZiF2 \ [ 2 threads entry */
RT_NULL, /* NASHCERT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY, THREAD_TIMESLICE);
if (tid3 != RT_NULL)
rt_thread_startup(tid3);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

return 0;

#ifdef RT_USING_TC
static void _tc_cleanup()

{

/* AEz EDL, B8R, BAEYIME|EMEFE, (MehARr */
rt_enter_critical();

/* BfREFE */

if (tid1 != RT_NULL && tid1->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid1);

if (tid2 != RT_NULL && tid2->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid?2);

if (tid3 != RT_NULL && tid3->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid3);
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/* PATIHERS IS R B E */
rt_mqg_detach(&mq);

/* AR */
rt_exit_critical();

/* & ETestCaselRE */
tc_done(TC_STAT_PASSED);

}

int _tc_messageq_simple()

{
/* & E TestCase)HIREIFRE */
tc_cleanup(_tc_cleanup);
messageq_simple_init();
/* 1B [B|TestCaseizf THIR KA [E] */
return 100;

}

/* BB REE A E finsh shelldh */
FINSH_FUNCTION_EXPORT(_tc_messageq_simple, a message queue example);
felse

/* AFRMAAL */

int rt_application_init()

{
messageq_simple_init();
return 0;

}

#endif

474 {FRBS

BBAIRIANATRERNERBERNIGE, BEARESLREEERRR, AR
RS FIERREBLIEHEE (REARSHIFERTEEEBIER) .

ERAY{E

HEIIFEENRERNRR BB RKEANREEINFTHUA, BINEENIIEE
BT —TREEJERNEZED, ERIACIBNR— I HEHENEAKERIFTIE
SPRATIRY, ERPATITSIFHLMIBRE, XM RRERENER, tbRRMRNEE TG
WEWMGE L, RFREMHRFENE:

struct msg

{
rt_uint8_t *data_ptr; /* BRI EHE */
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rt_uint32_t data_size; /* BRI */
b

G FHEEIBEEEMEN, RIFKRAFTELREIIL—NERAERLIE, EHHE
BlFHR, XANEMREEBLEIE X NEMRIET (ERFIEHHAETEG, BEILTEEE
WIERRIIAREEX MRS, BEXRMEFTEZEBLAIEWEERER) . MEAES
BAZIRY 5 T KB E :

void send_op(void *data, rt_size_t length)

{
struct msg msg_ptr;
msg_ptr.data_ptr = data; /* FEEAHLN AAIESHEE */
msg_ptr.data_size = length; /* #iEEp)E */
/* BIEEANTBEIESHanqiHERNS */
rt_mg_send(mq, (void*)&msg_ptr, sizeof(struct msg));
}

ER, LENRER, RIE—TEHEENRIERATREE TEEMIIF, EEILE
P, EFtRAEHEEHITERIZREIEEHE:

void message_handler()

{
struct msg msg_ptr; /* HTMEHEHFEEALE */
/* WBESIFEBIEEEIsg_ptrep */
if (rt_mg_recv(mg, (void*)&msg_ptr, sizeof(struct msg)) == RT_EOK)
{
/* BUHERENBE, SHTHANRKBIELE */
}
}

ERBERIIREENBEATES, MAELENG TP, SRATHEHBEENHN
REFHBEME, IHBMRENESAFARMNT (EMARELD, BRLREERKE
HE, BRRATEZEIEZWBEN) .

E—RNRARIRTPREEBIBRLKZRTEREE, XEHERERT R B AR
DERBEMAEI: WNEIRE P CARALEEI+HESENMAEIRIT AL, RiXLIE
BTHERRENERARZENERSERAY, RETEERERGRRLENIREIS
A, TEREENE BFHEERIE FiR:

RIERRWIANARE, JRMERBEMRE XL :

struct msg

{
/* JBELEMEAMAR */
struct rt_mailbox ack;
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iHSBAS

SR :29 < A

B 4.10: AFBEERE

b

/* BE */

struct msg

{
/* IBREMEMAR R */
struct rt_semaphore ack;

¥

F-MEARHEERTHERFERBIMIE, MEFRENWBERRATESERF
FAEIATRE, HREMEABIMGE, AREEREEZEBEN—LRSELKREZLE; MES
EFABIMIEREB R —ENLIELE, HEEEWIARIL,
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EUHERGH, TE. FEBRE—MREVERAEFWEZEF, REEXMEARTIEE
FREZEIAAZI R RAEZASHITIZE, BEFMEZEPIAD DM : AR FHEZE
EFfE=El, AHFEZEEERICRIR, EBRETEMIFENIE, ek
FEATIRBIRAM (FENLTEAERS ) , SREEMRIATF; MIMERTFAED B APRRTFRIAEENTR
REE, NEFEEREEASER, ZIMEEFERMHIIROM (RizfFEE) , A
EEMRNERNERE, EX-ERRIEETHERMBEFHEZENEE,

AT R AR EZRE=EE, AESEEERLERARFRARERTZES,

- B, PEATNNEOARHEN., —MRAFTEEREERREFTEFMHEIBIENK

EEATFREIE N EXBRBFERENNZHAFR, AREREFHEEER. M
SHEHE—NZHARFRAFEZNNERTHEN, BN FERAAERE, M2
AeJiERE, RRRONEFRIERFROSEILRZETTNNRERNERZMR, &
T SEATHESS 3 M ER SR A RO MA Y th4F LIS AN A I E

- HX, MEAEARESENER, BINAFXKESTEHURES RS (BREE

AR, RiFT —EATF, EF-LERT, SRAFZEREFEE-LEINRE
3R, EMMURES, REBFEH-BROXAFIELEE) , RAPEREEBHZ
WATF, ERANENUFIRES, TEAM—RELENTEATR, KEFEFA
BERBEANAT, WTERRAMNS, IMANEGINAFLSEEETNELERE
MREARBREMNAXEZNARHITR), BN THREFEZEFAEEOTFTEH
HVERANR AR, MBFILEATLTEERZT.

© &la, RARNRFNRRMEERTIRER, BERARANFTRLRAK, IBHTKB

TR
o
e

5.1

HARFTHSE, MELRARENFEZMBHIAT, MAIAXLERRNRLE, EFES
EMNNERENATDERE, MIFERERL.

RT-Thread iR ERAERFEE L, RELENARRARRNAE, B HEAREMH
BENREFNEEESEZE SARLTDIRE: BSOXRAEFEESNTSAEER, M
FEEXRIEFTRAAFNZ LS AFMERL: —MEH/NAFRNSEERE (IR
EHEZE), Z—MEHWARTFROSEERE (SLABEEEEX) .
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| /?ﬁ?ﬂ?lliﬁ% e :
L - | aE
4" < i e 1 D 1« e E
V‘]Tl?iﬂj. | & 4
i Bt/ 32k BeE/128 i i
Pt !
e e e e o
5 B/ /16k He¥i/128 | s
i L R

PIEE N AF

B 5.1 ATFhEREMREE

511 BRSREFbIFRE

AENEEREEHRERE RAFMEIREMRERE, ATEHL (Memory Pool ) —FH
FRREAEX/NMERR/NTRIRAR, ETURAINMRAE S EE/BEBRINERE,

AEFHECIEMNEMRARBE -—RKRATF, RAEFREHEXNNSNNAFR, NAF
REBRBETRERERER (LHREFASTHER) . FROEIEE, NZREERPEEH
L EE-MAFR, RELHEE, NEFEIUER, MEATPATEESIRNNRE
MAFE, 8- MAFEXESITHATRAR, AZAEIRETRFER, 43— A
T RWEIEN, AFUNRIMMAEL T —MNAFHEEIR, AFEFHRNSHBER
FhE, RFEEFAX, AFRKD, REUR—NEFLEEAT,

ARZAREAF NS EAF N RIZGIR, ERNBEKRAFPEENSEEAFREE,
HREXLERE, ARMAIUMMREFE R AAFESRATE, AFEL—BYBTEs, A
RN FIR KNG N EEBMIRE,

RS ATE I IEIR

struct rt_mempool

{
struct rt_object parent;
void *start_address;/* P70 2E DS T iaHHE */
rt_size t size; /* INTEEEE X K/ */
rt_size t block_size; /* RNIEHR KN */
rt uint8 t *plock_list; /* NIEE%& */
/* RIF R OIHH BEB BN IR KN 173 AR */
rt_size_t block_total_count;
/* R = RN FRER */
rt_size_t block_free_count;
/* RARFHRAT] AR NS5 */
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rt_list_t suspend_thread;

rt_size_t suspend_thread_count;
b
typedef struct rt_mempool* rt_mp_t;

B—/1MAENNRE LREMER, EPsuspend_threadfiZpl T —MNERIBLIEES
Pk, NHAFMPLTARNER, FEARBLXEALTESN, RBEKRIFELEEsuUs-
pend_thread§t& L,

512 BESAFBEO
BlEATEH

BIEAERIREPERE-IMAEENRANE LD R—NAFD, SIBRTF BRI
MAFHERSEMBERAFROLEREG, SQIBAFRE, SEEFTUMNAFERRITH
B BREERF, QBATHERTENRRED, ZRHED - ERIENAFRITR,

rt_mp_t rt_mp_create(const char* name, rt_size_t block_count, rt_size_t block_size);

ERZRBIZOTUIZ—MNEFRNATFRA/N, HERLENAE, iRIAR
ERARBEARTIEAT (REENRNTHEATEIR ) FECIEND. CIZAFREN, F
BERNTFHEE—NEN, AERABRARATRE-IRFENR, AEAREFERSE—
RERFBFRANTESRORFENX, BEVRIERFENER, FGRBEMINAE
PR AT AT R ENZE R REER,

RS
3 iR
name AfFEHE;
block_count AFRBE;
block_size AEREE,
BRI B0 [E]

BIEATEHITRAIN, FHREIAEF R EM; SMREIRT_NULL,
illE et

R Pt PR AT X R AR R IBRIRT, EATERRRED:

rt_err_t rt_mp_delete(rt_mp_t mp);

BERAETRE, SEEREBSSEZATHENR ERELIE (IRO-RT_ERROR) , A
EBEEBRENATFE LS ENAF R RBEFRXE, AEHRATERITR,
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S8 R
mp rt_mp_createiR BRI AF I R A,
R 2R ]
iR[ERT_EOK
VIR ATE

VAt RTFRIREIBATF AL, RZRVIRAAFLRTRSAFEREN, AFhE
HIRFKFETRPERRTRBENFHSHR, RIISLRATFERRNE, LEAREFRITRAA
ERANRFZERAAFEEN —MEAXZE, AFEEPXEIEHEBAERFRTRE
HlR, EROWBEIIESLIZRFBMER, REEOMT:

rt_err_t rt_mp_init(rt_mp_t mp, const char* name, void *start, rt_size_t size, rt_size_t block size);

Vet RTFE, IEFEHITIREHNRATFERREBLERZ, ANFEERENTER
FHRINAEFERE, WEkAFBERNATFREENRK)N, FRALERFREE-13
M. X#F, RPN ZATFHEITIIGRL, BAFRARNAEEEARM AT IE
BYZS RIREERR,

RIS
S A
mp AEENNSEE
name AFHE;
start AEHIEIRME;
size AR EIRX K
block_size AEFREE,
BRIEGR O]

¥R fLAL IR ERT_OK; ZN/i&[@-RT_ERROR,

B ATEt

BREBAFNEEAFENRMAAZNREE R PR, RERFELER T mKRRE
A:

rt_err_t rt_mp_detach(rt_mp_t mp);

ERZRBIENRE, RZEREMESHEZAEENR EMNERR, ARBATENR
MR REIE2E MR,
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RIS

S8 A

mp ATFBITR,
BRIER O]

IR[ERT_EOK,

DEATFR
NEENARFERDE— 1 RFR, ERAWNTEO:

void *rt_mp_alloc (rt_mp_t mp, rt_int32_t time);

MRATFHHBEAITANATFR, WNRFENZERRER EBTT—1NAER, BL A
R BFREZXMNATFR; MRATFBPELLBEERNATFIR, WHETEIEEIRE: Fi8
RAEIREAFE, NWIZEREZEAFR; ESEREATE, WEHmSEEEEZRAFD
WRE, EEIRFEFETRANEHARFR, SEFHERIA,

RS
S iR
mp AEHNER;
time FBA A 8],
BRI BUR [E]

RINEHREI SR AFRNE, KMAHRERT_NULL,

RBATFR
ERAFRERTEHBOABREN, BUREMAFHE, BRATRERNTEZO:

void rt_mp_free (void *block);

ERZRZIEON, BABIFERRERIATREHITELZATRAEN (AR

FH) REHNR, AEENREFENROTEREREE, FEZEBRMNATERIDAZ
RRFRER L, EEFINZAFTE NS EREEHENEIE, IRE, NkEFELiZn
REMBELIE,
RS
28 A
block AFREE,
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of K
g
i
]

A7t ERBPIFRI TR

/*
* RPN
*
* ENEFSUR— SRR R, 2 ST,
* IANERESER D AN RIS
*/
#include <rtthread.h>
#include "tc_comm.h"
static rt_uint8_t *ptr[48];
static rt_uint8_t mempool[4096];
static struct rt_mempool mp; /* &4 pNfzitafs */
/* TEMEFEIEHIRANTEST */
static rt_thread_t tid1 = RT_NULL;
static rt_thread_t tid2 = RT_NULL;
/* &FE 1 )A */
static void thread1_entry(void* parameter)
{
int i;
char *block;
while(1)
{
for (1 =0; i< 48; i++)
{
/* EEINER */
rt_kprintf("allocate No.%d\n", i);
if (ptr[i] == RT_NULL)
{
ptr[i] = rt_mp_alloc(&mp, RT_WAITING_FOREVER);

/* WERF—ANRNTFR, RABKIXERNTFR, SRENZHEIERL */
block = rt_mp_alloc(&mp, RT_WAITING_FOREVER);
rt_kprintf("allocate the block mem\n");

/* BROXANEFR */

rt_mp_free(block);

block = RT_NULL;

/* 252 2 \A, &FE 2 AR LETE 1 K, MREFE 1 &R ERIT. */
static void thread2_entry(void *parameter)

RT-Thread 3.0.0
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int i;
while(1)
{
rt_kprintf("try to release block\n");
for (1 =0 ; 1< 48; 1 ++)
{
/* BITA S EASRIRNESR */
if (ptr[i] != RT_NULL)
{
rt_kprintf("release block %d\n", i);
rt_mp_free(ptr[il);
ptr[i] = RT_NULL;
}

/* {KBR 10 4~ 0S Tick */
rt_thread_delay(10);

int mempool_simple_init()
{
int i;
for (i = 0; i < 48; 1 ++) ptr[i] = RT_NULL;
/* AR FEXIR */
rt_mp_init(&mp, "mp1", &mempool[0], sizeof(mempool), 80);

/* BIREFE 1 %/
tid1 = rt_thread_create("t1",
thread1_entry, /* Z8#2 A2 threadl entry */
RT_NULL, /* AZ%02 RT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY,
THREAD_TIMESLICE);
if (tid1 != RT_NULL)
rt_thread_startup(tid1);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);

/* BIREFE 2 */

tid2 = rt_thread_create("t2",
thread2_entry, /* ZF2 \[]/2 thread2 entry */
RT_NULL, /* AZ%02 RT_NULL */
THREAD_STACK_SIZE, THREAD_PRIORITY + 1,
THREAD_TIMESLICE);
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if (tid2 != RT_NULL)
rt_thread_startup(tid2);
else
tc_stat(TC_STAT_END | TC_STAT_FAILED);
return 0;
}
#ifdef RT_USING_TC
static void _tc_cleanup()
{
/* WER LS, L8R, B ABYIREIEHMEFRE, (Uptir */
rt_enter_critical();
/* BifREFE */
if (tid1 != RT_NULL &8& tid1->stat != RT_THREAD_CLOSE)
rt_thread _delete(tid1);
if (tid2 != RT_NULL && tid2->stat != RT_THREAD_CLOSE)
rt_thread_delete(tid2);
/* PATRAFHE */
rt_mp_detach(&mp);
/* RRAS RS */
rt_exit_critical();
/* ®E TestlCase K */
tc_done(TC_STAT_PASSED);

int _tc_mempool_simple()

/* ®E TestCase JEIEENEREL */
tc_cleanup(_tc_cleanup);
mempool_simple_init();
/* R [E] TestCase 1={THIRKEE] */
return 100;
}
/* R a5 S F) finsh shell e */
FINSH_FUNCTION_EXPORT(_tc_mempool_simple, a memory pool
example);
#else
/* RFRNAAO */

int rt_application_init()

{
mempool_simple_init();
return 0;

}

#endif

RT-Thread 3.0.0
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52 DESAFER

HNESRFEER —MEXLME (Heap) AFEERR, AINAESAIRRERENER
T, RERAPHEXRSEEEXRNNATR, MAAFLAEERERAXEARFRE, XA
BREgERHEMNASEER. RT-ThreadRE R T HEABNEK, BETHEREN
MSABEEEEZE, MAR/NMERTFEERFEENSLABRFEREFEE,

NERTFEERREBHBVRAZRLERD, —RAT/NF2MRAEZENRLSE; ™
SLABRAFEEERMNEEZEREAARRLLRFEN, RET —MOMUSAFHEREE LN
RIEE R, RMHRAFERRREARZITRRAEGEREPZ —HETENMERNSHERTE
2R, IMMEERREHAPIHEOTEMEE,

- BE: BNSAGEERERRSAREBATHRENE, SZRSLEANER
B&, FrCABAEETMRSFIREROEIRERNSATFR, ERErER3EHA
LTI XWEESR.

521 ZWAGFEERR

NNAFEEREER—IMERENATESESEE. VKRN, ER—RAWATE. HFES
RTFREY, AN KREIAFR ESEHBLRENRATFR, ABIESELROZHAFRIE
CIEEEER AR, BIRATFREES—MEERANKIES., BEXNKEERRSZERIR
AN AR VEHERR, I ATFRER BEFR:

magic magic =y magic
used used : used
next next Lo ! next
prev < prev €--- - imimm o prev
RERE R €T HIEHIE

B 5.2: ATFREER

FANER (FEREHRBNABTRIZEZSANKRER) BES—MEX, HEha
&

magic - T (HMHLIEK) , ERBYBLMOxTeald (BIEX Bidheap) , ATFHF
TR AFRE—NREEE BN AERIER;

used - R HATAFRETEEHE.

magic T AU A TR MUBRE— M AEERANAERIER, SRBE—4
RERIPT: MEXMKIGRNE, BAOREFREXIRATREIESNE (EEEATR
BEAFEESEFAFMIXRNE) .
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AEFEENERNEZFNEAFNIESHER L, NERATFEEEEIUANUTEF
REL R,

=

Ifree T HEEFR kL

A 4

A 4

Y

60 128 e

TR AFR
T BLA A TFER

53. NAFEEREFRREMTEE

MNAFEREENERENREE FIRNAESRER, SREREH freefltaiEm
NEFHAEFR, SAPLEEBRNRE—NAFTHHRFRE, BitifreelgfHEEMNATE
RABRFHHAERBEER, AIGEERSBEIHT —RFR, HHIABT-HRRAEF
R, 128F 10, ERENENER, BAZXIMAFRIEEKR, HESRGELAFRHITH
7, R TFHARFR (52FT ) B E freefitR™, I Hlce4 FHENEEREM FR.

%32 —» 60 [* 12+64"|’ 52 r® >

Ifree %5 R BEFR L

TR TR
TrBCE A TRER

5.4: Pced FTGHIBEREN

R, BEBRDEAFRE, SEBH12FHHIELAFmagic, usedERRHERT R
EM, RE%SMNMANMISIIR ERIXRATFR1I2F T UG, sIEM12FTRELR
RAPXERRZEIERS. GE: RFEFDTRIEAKESRSRANTFTERMERAE )

BRENERREE, ENERSETNEHESNRATFRELSEN, WRE=RAUEH
B — N RHIZE R RTFIR,

5.2.2 SLABARFEIEIRIR

RT-Threadf9SLAB %> ic 88 & 7£ DragonFly BSD&I%4 A Matthew DillonSZIRHISLAB S BC 23
Bl £, FIWNRARRARACHAGFIEEE RFEIBIISLABE L Z)eff BonwickASolaris
BIEERGME NN —MSRAZATFIREE,

RT-Thread HISLABL ECBE LM EER FE THRN N RMERTMITE, RRE
SGEMERENATEEE SIABRERSBEWNRIER (FERK/N) 7HEBIMNKX
(zone) , HEJUBMBENKRE—IMAFM, 9 SLAB AFHECEELEM FiiR:

—zonefJR/NFE32Kk ~ 128kFTi 28], HECBESEMYRLRIRERIK/NENE
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£
aEo

o= WRRN: 32 FTT
zone BERLENA

¢

zone#l [——» <zone#i#tl [—¥» zone #H#l

zone #2

zone #n

5.5: SLAB ATz D ECER45M

RBERRSEE2MITRIz0ne, RABEBDEI16KFINTFZE, JARBE T16kA2

HEENIDERPOE, § zone LARNATFRANZEEN, gBIEERXNAE
REJzone ZHERTE —MERS, M72F IR AYzone i RMMAE—MIE (zone arry ) 4
_ﬁ'-':IEO

THENSAEFSEC R EZMIRIFRE:

RESE: RIEDE—132FTHHARE, SLABAFESRRSAREBI2FHME, A
zone array iR B BEP IR BIME R AzoneiER, MRIXNMEREZH, NWETIHE
BHRE—NFRzone, AFMzoneFIREIE —NEHAFR, MRBERIES, X
MNzoneftRPHIE — N zone T R ABEMRFE (BMEM AN IZREX 1R
), MLAMREBBENMZERIR, NWRSETMIGE, zoneFEFEZHNTFREER T
L, BLNDERFEILX N zone T M BERF MR,

RERN: SERFERIAFRENzZoneT =, ABIERFREEEEIZoneIZT A
NFRERP, NRIEAzoneMZFERIER L zoneMFTBEARFRE S EREMN, 8D
0neBREL MY, L ZHzonefiRF LT HzoneRE—EHBE, RAMASIEIAN
ZR#zoneBRBNTTE B E.

523 FHBWEED
VBRI R G 8]

EERERTRN, DHABERAYIACHREREITHRTFIYSGML, ATES TEIE

O 5T

void rt_system_heap_init(void* begin_addr, void* end_addr);

XANEEIES Bbegin_addr, end_addrX A RTEE E1E Jo RIFHERER,
*

110
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begin_addr HWAFXIFgE AL ;
end_addr RN FEXIGER A,

DEAFR
NAEHE EAEERPEEXNRAFR, BFEOWTF:

void* rt_malloc(rt_size_t nbytes);

rt_mallocBB B N R FHEZ B FHEIGERNIRFR, ABIEATFRA AR D
LRAF,
RIS

»

S8 iR

\

nbytes BRIBRIREFRI,

BRIHGR O]
R INAHR B S EERI A TER I HE, SKMMATIREIRT_NULL,
ENEAEFR

FEENEEAFRNEM EEHRDERFREIA/N (38Nsk4gs/)\ ) , sTBOEIE T EAER L
BORM:

void *rt_realloc(void *rmem, rt_size_t newsize);

EHRITEMHSEATRE, RROAFREBREAZ (FNIERAT, EEABIER
B8R ) .
EREI S

o

F iR

\

rmem IEEBE N EIAFR;
newsize EFHNEMREFER/N,

BRI ZSR ]
ROIE D R TFR L
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PEZSAFR
MATFERSEESAFI IS A ATFR, ]S T ErR LR O 5T :

void *rt_calloc(rt_size_t count, rt_size_ t size);

RS
S8 R
count AEFERBE;
size NEREBE,
EIFHR O]

REBIEHIBEE —NAFROMAE, FERBEIENRATFRERBILRT,

BIRAER

RAPEEERTAREFNERTHIENATE, UIRNER, BUREMATFITRE,
BRATROEHEONT:

void rt_free (void *ptr);

rt_freeR B SICHFHRMAFEEAEEIERP, FEAXMRBRARPFEEEEN
HAFRIEH, WMREBZRHEZRM,

RIS

RENECH TR
ENERFRIREFR, AFPTRE—HTFRY, HAMNRHEOMT:

void rt_malloc_sethook(void (*hook)(void *ptr, rt_size_t size));

REMHFRBSEAFSRTMEETEE, EiEN, SESEIRIRFRBAFIA
IMERAOSBEREE,
RS
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527 AN EERE

S8 R

hook HFREIE
PRIFGR [E]
v
HrehhookF O T :

RS
S8 R
ptr PEMAFRIEH;
size PEENFIATFRIIKN,
RIHHR O]
7

REAFRBBFERR

ERBAER, BPANRE— TR, BANRKIEONT:

void rt_free_sethook(void (*hook)(void *ptr));

REMNHFRYISEARAERMGCTARETEIA. EiER, BRORATFRIEIESEA

AOSBEEHRE (LLRATFRALEHRERD .

RS
S8 iR
hook HFREIEH,
BRZHR O]
T
Hrfhook#¥EOW T«

void hook(void *ptr) ;

RT-Thread 3.0.0
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o in
ptr HREBBAFRE.
BRI F& [a]
7z

NSATFHERER BB T ATR:

/* LRFETCBRIEL*/
struct rt_thread_t threadl;
char threadl_stack[512];

/* BFEANAY/
void threadl1_entry(void* parameter)

{
int i;
char *ptr[20]; /* ATHE20NDENFRINFEST/
/* STEETEE*/
for (i =0; 1< 20; i ++) ptr[i] = RT_NULL;
while(1)
{
for (1 = 0; 1< 20; i++)
{
/* FIRNEL(T << D KRNFHHMNFTE*/
ptrli] = rt_malloc(1 << i);
/* ARSI ECREN*/
if (ptr[i] != RT_NULL)
{
rt_kprintf("get memory: @x%x\n", ptr[il);
/* BRIUNTRERY/
rt_free(ptr[il);
ptr[i] = RT_NULL;
}
}
}
}

int rt_application_init()
{

rt_err_t result;

/* WaWEFENTR>/
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result = rt_thread_init(&thread1,
"thread1",

thread1_entry, RT_NULL,
&thread1_stack[0], sizeof(threadl_stack),

200, 100);

if (result == RT_EOK)
rt_thread_startup(&thread?);

return 0;

53 BN
+ RT-Thread 1.2.0%3| ART_USING_MEMHEAP_AS_HEAPIEIR, BTLA{EZ~memheap ( s

R RNEL: ) MERKATF RS heapHiEe;
* RT-Thread 1.2.05| Art_membheap_reallocE%{, FAF7EmemheapHi#iTmemoryE

WS,
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6.1 RIZE RT-Thread4wi2i8R
TREBMESHE. E2M, RS TRANTEM.

RT-Thread iR EIRBZ BN NN RREEM 2 FH, EFRIEFRIIEEN B
RT-Thread MR IZW R EIERE, EEENEXERPEARAKRTE, AIMBEMTX—E%, &
RT-Threadd, i#&HHIARNR—ENR, BPAANREIEEZTHE, BMIZSNREZH
ENKIREMEK, BMNERREMITULRRKERENKIEYE, HIRELEMEELE. 18
BWREXZE BIZRENRNEENREXRREE,

Bk

rt object

T

pa=s

rt_device

N

FRR&ESE B EIEES & % HEAig &R
= [1IRE] SD RIRzE DM9000A IEZ) T ARIR
uart.c sdcard.c dm9000a.c codec.c

B 6.2: REMBERRE

6.1 RIZE

ERRFERAT—RIFI/ORESTMFIRE, RIREMWLZO, HEMKRERIR
BREES R A ZERERLIET .

FRHENREALTFEEMNLESK, EFRERARABRITNEN, 8R—1F
T, FHREEER—LERRE, WHEMH. K

BRigE SR EE—NRER, ISR EE 12N FTRE, XNEIEREEG 6T
B9, BURIRAIEEEARERIRR ONELEFIMEEmNY, SUMATELEHIR. FLt,
BRI & RANTEFITIEN S RFVARITHINTAE, NE RiIZE AR,

HRFRS T TEEAERENSREN, REFENEFONELEHEBENS A
8, BMERAREFENHRERT. MESLFIREF, RE—HBIRERTETENTIE
BHIRERRT., WNE RRE PEMREABHNEEREARRER, LB3MEEHTE
B, ERE—BERRTNFRERRT, REFENEFOIERRNEFRI3BMRIT
ALERENRER, BEELT, REWNEFFTEE SHITHEN YIRS REVIZERE,
AREBABEESIRLRIEL, AEBIEXN “G" HEREREH —BMREE TR
&, PIGNE RigE FEIRA, WHEFBBELERIFMTNMAIRERIZLR, ARHEFE
BEANBEESEMNRERIZENBIEL, EFESHA— MR, REBELOZIRIRE
7,
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Bk (AiERD

E 6.3: RiZ&E

6.2 1/O0IZEIEHIR

struct rt_device

{

struct rt_object parent;

/* BEIE */

enum rt_device_class_type type;
/* BESHBRITISE */
rt_uint16_t flag, open_flag;

/* RtE EEN FRRENESRER */
rt_err_t (*rx_indicate)(rt_device_t dev, rt_size t size);
rt_err_t (*tx_complete)(rt_device_t dev, void* buffer);

/* AHEREEO (RIS FRE) */

rt_err_t (*init) (rt_device_t dev);

rt_err_t (*open) (rt_device_t dev, rt_uint16_t oflag);

rt_err_t (*close)(rt_device_t dev);

rt_size_t (*read) (rt_device_t dev, rt_off_t pos, void* buffer, rt_size_t size);
rt_size_t (*write)(rt_device_t dev, rt_off_t pos, const void* buffer, rt_size_t size);
rt_err_t (*control)(rt_device_t dev, rt_uint8_t cmd, void *args);

/* BERRALBEIE */
void* user_data;
b

typedef struct rt_device* rt_device_t;
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SEIRT-Thread < 5HNIR & REUEIE:

enum rt_device_class_type

{

RT Device Class_Char = 0, /* FIEEE */
RT Device_Class_Block, /* HaR& */
RT Device_Class_NetIf, /* MgEORSE */
RT_Device_Class_MTD, /* RIFRE */
RT_Device_Class_CAN, /* CAN& % */
RT Device_Class_RTC, /* RTGR%& */
RT Device_Class_Sound, /* EFERE */
RT_Device_Class_Graphic, /* EERE */
RT_Device_Class_I2CBUS, /* T20E% */
RT_Device_Class_USBDevice, /* USB devicei&sg */
RT_Device_Class_USBHost, /* USB hostix& */
RT_Device_Class_SPIBUS, /* SPIRZ */
RT_Device_Class_SPIDevice, /* SPIi%%% */
RT Device Class_SDIO, /* SDIOI&R& */
RT Device_Class_PM, /* BIFEIEEE X/
RT_Device_Class_Pipe, /* BEERF */
RT_Device_Class_Portal, /* WaEERE  */
RT_Device_Class_Timer,

RT_Device_Class_Miscellaneous, /* FBaR */
RT Device_Class_Unknown /* KEEH */

b

MIREEHIR, FATTUER, BMIENRESERZPLEP —MEEIEFIREM,
IXFPEEMF IR DI R A rt_objectEZE, ABHALrt_deviceiR&F A,

6.3 [/OIRBEIEEO

6.3.1 EAHRE

—MREEBR LENAVICR, FEREIMREEMIIREDR, FHiRMN—LEARMAY
—LEY, XEIMIIRSEITINBEIRER, KA "EHIREED" WAXKRRPER
2, NMBRSIZIREEHIR (HREAW) . EAHRSHIRBEEOWNT :

rt_err_t rt_device_register(rt_device_t dev, const char* name, rt_uint8_t flags);

RS
S iR
dev 1R &AM,
name REB;
flags R EEAIRE
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flagsB8 25 F IS B EIAR AN A NZFHFZMELN):

#define RT_DEVICE_FLAG_DEACTIVATE 0x000  /* £¥iatiss */
#define RT_DEVICE_FLAG_RDONLY 0x001  /* HiEikE */
#define RT_DEVICE_FLAG_WRONLY 0x002  /* A% */
#define RT_DEVICE_FLAG_RDWR 0x003  /* HEEE */
#define RT_DEVICE_FLAG_REMOVABLE  0x004  /* A[f4[4i%4& */
#define RT_DEVICE_FLAG_STANDALONE  0x008  /* Jh /%% */
#define RT_DEVICE_FLAG_ACTIVATED  @x010  /* 2 ¥iEE% */
#define RT_DEVICE_FLAG_SUSPENDED  0x020  /* #:itiZ# */
#define RT_DEVICE_FLAG_STREAM 0x040  /* WHELTIRAES */
#define RT_DEVICE_FLAG_INT_RX 0x100  /* &L TFHREBER >/
#define RT_DEVICE_FLAG_DMA_RX 0x200  /* RE&ALTFOMAFERMUARSS */
#define RT_DEVICE_FLAG_INT_TX 0x400  /* RELTHRTAEER/
#define RT_DEVICE_FLAG_DMA_TX 0x800  /* WHRATOMAZIEER */

1R & MEICRT_DEVICE_FLAG_STREAME# BT REOLX R HFAE: HMHNFR
2 “\n” B, BERIEA— 7 #H1T.

BRIFR ]

iR[E]RT_EOK

 BE: NEBRRESIMELIMINRE, ULEMERRFIRE.

6.3.2 BRiZE

FREMREZRATBER, REOAMIRSHAEBEDT "ERIREEO" KREHKE,
HigEMREEOWTAIR:

rt_err_t rt_device_unregister(rt_device_t dev)

RIS

S8 iR

dev 1R Z A,
RIER T
IR[ERT_EOK

o E: HIEHIREATSBRNRBIZHIRT S AMRTT,

6.3.3 ¥lRLFTEIRE
VAL EEMEIR EWREERPIIRVIBMLRIRE, TNET FREEOTTH:

rt_err_t rt_device_init_all(void)
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IR[ERT_EOK

O WRBBERHER, AEEFEENAREFRPIER, SN REBVRETHEE
#9flagsisi A 9 RT_DEVICE_FLAG_ACTIVATED M i%Z #% & fil, SRR EMflagsiiE 22
RT_DEVICE_FLAG_ACTIVATED, ARAZXMEARABEES MBI,

6.3.4 EIXIRS

RIFEEEMRERHEXIRE, TBELN TEORTM:

rt_device_t rt_device_find(const char* name)

ERAXMRBEON, RASERETREEMIUAINREEZTERNIHIREWR,
EiZig &EIEHE, WRLBHEENMMIREITR, MREIRT_NULL

R[IR
RS

28 A
name 1R E B,
RIHGR O]
BRI MR ZI5REMENAIREDW; TNRERT_NULL

6.3.5 ¥BLrE
VIRt E1RE, FIBAET N FeREIEO T :

rt_err_t rt_device_init(rt_device_t dev)

RS

28 A

dev 1R EZTHE;
RIHHR O]
IR EIIRENEYiniteR HOR E{E

6.3.6 FHIRE
RIFRSERIRKITARE, JELIN FREZO 5 :
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rt_err_t rt_device_open (rt_device_t dev, rt_uint16_t oflags)

RS
5 R
dev REAW;
oflags V3lE) 8,

HroflagsZ A FIIRPHISE:

#define RT_DEVICE_OFLAG_CLOSE  0x000 /* &&CLF%F (NZMER) */

#define RT_DEVICE_OFLAG_RDONLY 0x001 /* DLEE =TI &% */
#define RT_DEVICE_OFLAG_WRONLY 0x002 /* DIREFEFTIFEE */
#define RT_DEVICE OFLAG_RDWR 0x003 /* DLUEEARFTIES */

#define RT_DEVICE OFLAG_OPEN 0x008 /* wHELITH (NEMER) */

#define RT_DEVICE_FLAG_STREAM  0x040  /* & LUAEs3TIF */
#define RT_DEVICE_FLAG_INT_RX  0x100 /* i&&DIchWrEait =TI */
#define RT_DEVICE_FLAG_DMA_RX  0x200 /* i%&DIDMAREHESATH %/
#define RT_DEVICE_FLAG_INT_TX ©0x400 /* E&DIFMTAEERITIF */
#define RT_DEVICE_FLAG_DMA_TX ©0x800 /* i&&DIDMALIERETATIF  */

ERER [E]
RO RN A openik FNiR 18

o 5 MRIZEIEMEFIEES P EIERT_DEVICE_FLAG_STANDALONES ], LLig&
BARARFESITH, iRE-RT_EBUSY,

cE: MR EENARFFERIREREMWERENEARL, WHTBAINT_RX2EDMA_RX
WARNTHIRE, BUARREEEL,

6.3.7 XKHANRE
RI\IRSEFIRR XA RS, FJAETINFERLIEO SN :

rt_err_t rt_device_close(rt_device_t dev)

RS
S8 iR
dev 1R Z A,
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BRI FIR [E]
IR[EIIR BN close FEGR B8

6.3.8 iEigE

MiREFIZEY, SIRIGEIE, JAET N FREEOTTM

rt_size_t rt_device_read (rt_device_t dev, rt_off_t pos, void* buffer, rt_size_t size)

WARXNERE, SNREdevRIRIGHIE, HEREbuUffer@pXH, XMEFXHIER
ARKERsize, posiRBEANENREERINFERNENEX.

RS
S8 iR
dev RB AW,
pos ZEIEREZE;
buffer NFEFPXIEH, RSB ESEREFES PXF;
size IZEVEIRAI R/,
BRIFGR ]

REERBIRESFRAN (MRBFFHIRE, REKXNAFTAHERA; MRIBRIRE,
REIFANBAIRAEA ) 5 MRIREO, WFEZIRENHRILIZNerrnoRFIBTHEIRIAZ.

6.39 Hig&

EIRERBEANLE, JAET N T RO TTM

rt_size_t rt_device_write(rt_device_t dev, rt_off_t pos, const void* buffer, rt_size_t size)

WARXNERY, FICEFXbufferFMBIEBEAZIIREdevh, BEABBHNRAKER
size, postRIBANEAVIRELFNFERBNIE N,

RS
S8 iR
dev =L H
pos BEARERBE;
buffer NFEFRXIEH, MEESANKIE;
size SABURRIKAN,
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BRI ZSR ]
ROSABBOEMKXNNREFFIRE, REKXNAFTREN; MRBRIRE,
REIFANBAR A EAL); MRIREO, MFEBIRENHFILIEN erroRFIBT RIS

« ;E: TERT-ThreadBIRiZEH, M1.0.0hRZAFF4E, rt_device_read()/rt_device_write()#s
FEIpos, sizeSWEARFBAL, 0.3.xLARTEIARA PAZF T3 J9 B AL,

6.3.10 #=HIigE

RIFRSEFIRKIZHIRE, PJROET FEARBEOTTH:

rt_err_t rt_device_control(rt_device_t dev, rt_uint8_t cmd, void* arg)

RS
S8 iR
dev R & AHR;
cmd BOEEF, INMSREBEES5IRERMIEFEX;
arg EHINSE,
R R ]

R @IXEAFE I O AR E{E

6.3.11 REHIERBIET

RE—EERL, HEFREWEIBIEREANBNAEFBERIERA, "TRAET
TRBEOTMIREREIER:

rt_err_t rt_device_set_rx_indicate(rt_device_t dev, rt_err_t (*rx_ind )
(rt_device_t dev,rt_size_t size))

EIHAXANEE, DERZnCndBIBAERM. SEFRSRREIREN, 2EE
XM ERBA RN BIR R EREsizeS BT EEE EENA, LENBLENTERRIETR
&, IMZIMNigEPIZEEIE,

BB
S8 A
dev ’E R,
rx_ind UL B R R 28,
BRIHGR O]
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JR[ERT_EOK

6.3.12 RERIEZMIER

£ FEMNAIARArt_device_write5 AFIER, MREEEEHEEBIFENLIEZ, B4 L
BERARTNIZE —MNEHARE, XMERRNSEREREGFLS IR ETHEBIUDMAZ
IEFEREFIFOE 2B A\ SEEEF= A ST Rl R ITEN R IA ., I LAB e FRBIE DR EIRE K%
SRR

rt_err_t rt_device_set_tx_complete(rt_device_t dev, rt_err_t (*tx_done)(rt_device_t dev,void *buffer))

WA RS, OFRRx doneSBMIAAERME, HEHIREKIEZTHIEN, B
IR zNFE P AR MR FHE R E TR BIE R M bufferf h BRUEELL EENA. LEN
A (&32) EIRFIERN NRE L EbufferfIiER, BiRbufferRFREFGEM IO T —15
HIERETT.

RS
S8 Pt
dev RBAW;
tx_done RIiEEEHEREL,
BRI B0HR B
JR[ERT_EOK

6.4 1RFIXT]

E—THE T EART-ThreadtViR & O, BEXNFRERH, WAHEE—MRER
IEFARRESEREE, ITRIFMERNAIRE — MR ERNIERF, FHEASTM32 EA9—1
& g & Al FETIHR,

6.4.1 REWNHISZIAYIE

E6. 1R L TRT-Threadig & O X, BINEEEFFETESN—EQLHREED
KM EHRMRERED, EEQNERXEEA—H, XERECKEEMN):

rt_err_t (*init) (rt_device_t dev);

rt_err_t (*open) (rt_device_t dev, rt_uint16_t oflag);

rt_err_t (*close)(rt_device_t dev);

rt_size_t (*read) (rt_device_t dev, rt_off_t pos, void* buffer, rt_size_t size);
rt_size_t (*write)(rt_device_t dev, rt_off_t pos, const void* buffer, rt_size_t size);
rt_err_t (*control)(rt_device_t dev, rt_uint8_t cmd, void *args);

XEEMOHWRE EENABEIRT-Threadig &2 OEITARIMSKIRRER O (30 REEBRIF
BO5RERNIEFEONMRET ) ¢
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I/0 & EH &N
rt_device_init() driver init()
rt_device open () driver open/()
rt_device close () driver close ()
J:EF_‘LE Fﬁ |::> rt deviece read() IZD driver read() :> |/ (0] T«i%
rt_device write () driver write ()
rt deviece control () driver control ()

6.4: 1R EF RO SIREWNIEFZORIRES

MXERHNLMNEERORLENARKLBOMNENS, AN LEENAIRA
rt_device_read$Z O #1TiR FiRENBURIEIE, LEREIARrt_device_find3x 138Xt M AY1%
& AR, MEiAArt_device_readBt, FREMAXMEEAIRFTN N IEENAIdriver_read, £
REEOR——WR XA,

[/OIR ERRIBHEAYIX /<M ED (rt_device_init/open/read/write/control ) , YRz ZIi%
ZIRENIEFRI/NMED (driver_init/open/read/write/control ) , AN AREEIRZ IR
MW RO -

Ebr:% =L F3E#ER

REMIVIRL, E&VRLTME, REEFIRIlagREE B

init FGEIRZS(RT_DEVICE_FLAG_ACTIVATED), NRig&Ei=HlR 89
flaghiE BRI BEMAIERS, BLBETYRKEON , 23717
RE], MAREFRHITYIEN,
I E, BEREHARALE—BIMBEZITHARIEIT; =X

open HIRZFEHTHEREK, BNRLEENATRES, 1§ &t
AR EAB R EREH A iaEEdE. FIUNBINESIKER thigF
BY, EiAAopeniZOM A BEEIRE,

close KARE, BINEITHRER, RSENBEITHIP—NMTHIT
8, TITARENHITHHRIE, EXAZSAHIT-1RE, T
BT AOET, HITHEIERKAIRIE,
MIZEPIZEEIE, S#¥postEHIZEEIENRESZ, BERBL &

read EHAN—EZERERBE, FIMNBORE, REWNNA BEIX
NS, MRTFRIZEFRIE, posbhKsizeBFiZLAIRIZEZHY BUIRELR
KNIV ABRAIR, FIINBRIEEHEBIRRA/NES12, TS HHpos
=10, size = 2, FBLAWRENMIZIREIZEZRE10MNR (AEEOMRM
AEEIE ) , HI2MREIE, X MEORER KB Rt size_t,
EHZRIMFTHHEREE., EEBA TR Z2REISHHsizefE
B, NRREFFRENMAerrmofd

write EiREPEANIE, SHposiEHEABIENREE, S5I1RRIE £
L, SHFERIGERIE, posbAKksizeHB R ARIZZHIEIEIR K/
MBI, XMEOROER Rt size_t, BIESIE AFIBHNFE
THERBE, EFBERATHIZRIRESHFsize FEE, IRIR
EFEIRENAerrnofE,
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control REARNMIGSEFIRE., SSEERHKESERRER I8
EXSEIM, FUNS4RT_DEVICE_CTRL_BLK_GETGEOME, =& 5%
EURIE B RIMER.

6.4.2 1REPFNELIMAITIR

fESKM — M RT-ThreadiR &0, FJLAIRERAITFRISIRFHIT (X F—LERENREW,
PIanbAKmE O IRz, ERZIRERD), BSEMEEHN. GUIERNET) :

* REBRT-Thread AR KRIERL, FR—ANWRERMAGI:

- EXBECMIAAEHIELSEM, ABMRERIRT-Threadi& FIxHIRAuser_datats &t
;3
- Mstruct rt_deviceZ5 P HITIRE,

« SLIIRT-Thread /OIRBIRR AP TE X6 N A HIZRE RO, ARFIURZERI(REIZEE
rt_err_tBYR]ERIAR[EIRT_EOK);

- RIEECHISRLAEXEHCHNAMBEIEE, SR EFEES ML MNEEHNER
T (gimnEal, 2), @&EOTUEAR-EREO, AENRESBMEIE G
Sra3EML);

o RIBIRBHIEE, JFMEIRT-ThreadiZ EZHELRH,

6.4.3 STM32F10x898E O IREN

BAF B FiE40 5347 7 STM32F10xB BB AR, thEiE EERMZaNEER X ME &N
1@, STM32F10xE ORI, FMANPGERELRERTP T,

HeirvER OIRENRA T Mstruct rt_deviceZEMRHITIRER TN, IKREHrt_serial_device,
STM32F10xKg &8 O RSN BLIE A FfIrt_serial_device & O IRENHEZLF0/E FSTM32F10xHuart X
SRS, SBOIXENIEZL{ Fcomponents/drivers/serial/serial.cH, [@ EERHEIWNTEE
£

* rt_serial_init

* rt_serial_open

* rt_serial_close
* rt_serial_read

* rt_serial_write

* rt_serial_control

uartRsh{i Fbsp/stm32f10x/drivers/usart.cH, [6 EERHINITELL:

* stm32_configure
» stm32_control

* stm32_putc

* stm32_getc

vartiRsIFIRE, SKFRz{TH &R ORESEEBuartiIREig4tavR%R, Fl: NA
FERUEMArt device writeBY, SEFRERAXZRNA:
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rt_device_write ==> rt_serial_write ==> stm32_putc

TERE L H SO BMERMNE, BFHRIMXARBERIRAIEIERIXF RS,

B R E A NBCIEIF EE, IRAESRNRBEIT

/* RT-Threadi& & IXzhtELLHO */

/* serial .hEpRINBFFIE */
/* Default config for serial_configure structure */

#define RT_SERIAL_CONFIG_DEFAULT \

{ \
BAUD_RATE_115200, /* 115200 bits/s */ \
DATA_BITS_S, /* 8 databits */ \
STOP_BITS_1, /* 1 stopbit */ \
PARITY_NONE, /* No parity */ \
BIT_ORDER_LSB, /* LSB first sent */ \
NRZ_NORMAL, /* Normal mode */ \
RT_SERIAL_RB_BUFSZ, /* Buffer size */ '\
0 \

}

/* BORCELEMIEK */
struct serial_configure
{

rt_uint32_t baud_rate;

rt_uint32_t data_bits
rt_uint32_t stop_bits
rt_uint32_t parity
rt_uint32_t bit_order
rt_uint32_t invert
rt_uint32_t bufsz
rt_uint32_t reserved

= N= N

N G U (e G NG T S T -
~

Y

/*

* Serial FIFO mode

*/

struct rt_serial_rx_fifo

{
/* software fifo */
rt_uint8_t *buffer;

rt_uint16_t put_index, get_index;
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Y

/* BEBRELEHIE */

struct rt_serial_device

{
struct rt_device parent;
const struct rt_uart_ops *ops;
struct serial_configure config;
void *serial_rx;
void *serial_tx;

¥

typedef struct rt_serial_device rt_serial_t;

/**
* uart operators
* PRI ELARSCI AEbsp/stm32110x/drivers/usart. ¢

*/
struct rt_uart_ops
{
rt_err_t (*configure)(struct rt_serial_device *serial, struct serial_configure *cfg);
rt_err_t (*control)(struct rt_serial_device *serial, int cmd, void *arg);
int (*putc)(struct rt_serial_device *serial, char c);
int (*getc)(struct rt_serial_device *serial);
rt_size_t (*dma_transmit)(struct rt_serial_device *serial, const rt_uint8_t *buf, rt_size_t size
b

/* serial.hE R NBELER */

/* PUF Aserial.cRE */
/* BRI */
rt_inline int _serial_poll_rx(struct rt_serial_device *serial, rt_uint8_t *data, int length)
{
/% REEH */

/* BMRIE ¥/
rt_inline int _serial_poll_tx(struct rt_serial_device *serial, const rt_uint8_t *data, int length)
{

int size;

RT_ASSERT(serial != RT_NULL);

size = length;
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while (length)
{
/*
* to be polite with serial console add a line feed
* to the carriage return character
*/
if (*data == '\n' &% (serial->parent.open_flag & RT_DEVICE_FLAG_STREAM))
{

serial->ops->putc(serial, '\r');

/* SKFRVAusart. chpstm32_putc,

* serial->opsHRE & uartIkshH K4 R ETEST,

* frusart.cirt_hw_usart_initER¥d, mAZFHEE 2 BIXERE
*/

serial->ops->putc(serial, *data);

++ data;
-- length;

return size - length;

/* T
* FRITAL SRR t_hw_serial_isrRisE iR RE R buffer 2,
* R E R bu f fer BB H ¥R
*/
rt_inline int _serial_int_rx(struct rt_serial_device *serial, rt_uint8_t *data, int length)
{
int size;
struct rt_serial_rx_fifo* rx_fifo;

RT_ASSERT(serial != RT_NULL);
size = length;

rx_fifo = (struct rt_serial_rx_fifo*) serial->serial_rx;
RT_ASSERT(rx_fifo != RT_NULL);

/* read from software FIFO */
while (length)
{

int ch;

rt_base_t level;
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/* disable interrupt */
level = rt_hw_interrupt_disable();
if (rx_fifo->get_index != rx_fifo->put_index)

{
ch = rx_fifo->buffer[rx_fifo->get_index];
rx_fifo->get_index += 1;
if (rx_fifo->get_index >= serial->config.bufsz) rx_fifo->get_index = 0;
}
else
{
/* no data, enable interrupt and break out */
rt_hw_interrupt_enable(level);
break;
}

/* enable interrupt */
rt_hw_interrupt_enable(level);

*data = ch & 0xff;
data ++; length --;

}

return size - length;
}
/* FRTEIE */

rt_inline int _serial_int_tx(struct rt_serial_device *serial, const rt_uint8_t *data, int length)
{
/* KRLEmE */

/* DMAfzr */
rt_inline int _serial_dma_rx(struct rt_serial_device *serial, rt_uint8_t *data, int length)
{

/* DR >/

/* DMAK X */
rt_inline int _serial_dma_tx(struct rt_serial_device *serial, const rt_uint8_t *data, int length)

{
/* R */

static rt_err_t rt_serial_init (struct rt_device *dev)

{
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rt_err_t result = RT_EOK;
struct rt_serial_device *serial;

RT_ASSERT(dev != RT_NULL);
/* KIFERHserialix&X R */
serial = (struct rt_serial_device *)dev;

/* initialize rx/tx */
serial->serial_rx = RT_NULL;
serial->serial_tx = RT_NULL;

/* KA usart. cRstm32_configuresk¥i, X¥& OFAFREHITALE,
* serial->config@EBCERIE, FEusart.cirt_hw_usart_initeR#g+,
*/

if (serial->ops->configure)

result = serial->ops->configure(serial, &serial->config);

return result;

/* ATFFiRE */

static rt_err_t rt_serial_open(struct rt_device *dev, rt_uint16_t oflag)

{

struct rt_serial_device *serial;

RT_ASSERT(dev != RT_NULL);
serial = (struct rt_serial_device *)dev;

/* check device flag with the open flag */

6.47 1RE IR

[8) ARG MR % 2 BT T

if ((oflag & RT_DEVICE_FLAG_DMA_RX) && !(dev->flag & RT_DEVICE_FLAG_DMA_RX))

return -RT_EIO;

if ((oflag & RT_DEVICE_FLAG_DMA_TX) && !(dev->flag & RT_DEVICE_FLAG_DMA_TX))

return -RT_EIO;

if ((oflag & RT_DEVICE_FLAG_INT_RX) && !(dev->flag & RT_DEVICE_FLAG_INT_RX))

return -RT_EIO;

if ((oflag & RT_DEVICE_FLAG_INT_TX) && !(dev->flag & RT_DEVICE_FLAG_INT_TX))

return -RT_EIO;

/* get open flags */
dev->open_flag = oflag & 0xff;

/* initialize the Rx/Tx structure according to open flag */
if (serial->serial_rx == RT_NULL)
{

if (oflag & RT_DEVICE_FLAG_DMA_RX)
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}

else

{

}

else

{

/* BB */
if (oflag & RT_DEVICE_FLAG_INT_RX)
struct rt_serial_rx_fifo* rx_fifo;

/* QU ETRRbuf fer */

rx_fifo = (struct rt_serial_rx_fifo*) rt_malloc (sizeof(struct rt_serial_rx_fifo) +
serial->config.bufsz);

RT_ASSERT(rx_fifo != RT_NULL);

rx_fifo->buffer = (rt_uint8_t*) (rx_fifo + 1);

rt_memset(rx_fifo->buffer, 0, serial->config.bufsz);

rx_fifo->put_index = 0;

rx_fifo->get_index = 0;

/* RFFEM R buf ferfkiFasT, DUMELERMTITERErt_hw_serial_isrsh{Ef */
serial->serial_rx = rx_fifo;

dev->open_flag |= RT_DEVICE_FLAG_INT_RX;

/* FBusart.cstm32_controlek%k

* JFfRuar tHyi T

*/

serial->ops->control(serial, RT_DEVICE_CTRL_SET_INT, (void *)RT_DEVICE_FLAG_INT_RX);

serial->serial _rx = RT_NULL;

if (serial->serial_tx == RT_NULL)

{

if (
{

}

else

{

}

else

{

oflag & RT_DEVICE_FLAG_DMA_TX)

/* AELER */

if (oflag & RT_DEVICE_FLAG_INT_TX)

/* AELER */

serial->serial_tx = RT_NULL;
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return RT_EOK;

/* RIFERE </
static rt_err_t rt_serial_close(struct rt_device *dev)

{

struct rt_serial_device *serial;

RT_ASSERT(dev != RT_NULL);
serial = (struct rt_serial_device *)dev;

/* SRR Bref_count AOBT AR A S BARE),

* B E—MNMT IR SN BV Brt_device_closely, AR ASHAR
* A T E—RERFHAEER

*/

if (dev->ref_count > 1) return RT_EOK;

if (dev->open_flag & RT_DEVICE_FLAG_INT_RX)

{
struct rt_serial_rx_fifo* rx_fifo;
rx_fifo = (struct rt_serial_rx_fifo*)serial->serial_rx;
RT_ASSERT(rx_fifo != RT_NULL);
/* Berh TR buffer */
rt_free(rx_fifo);
serial->serial_rx = RT_NULL;
dev->open_flag & “RT_DEVICE_FLAG_INT_RX;
/* SRR */
serial->ops->control(serial, RT_DEVICE_CTRL_CLR_INT, (void*)RT_DEVICE_FLAG_INT_RX);
}
else if (dev->open_flag & RT_DEVICE_FLAG_DMA_RX)
{
/* RELER */
}

if (dev->open_flag & RT_DEVICE_FLAG_INT_TX)

{
/* KIDERE >/
}
else if (dev->open_flag & RT_DEVICE_FLAG_DMA_TX)
{
/* KEDERE >/
}
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return RT_EOK;

/* WREFIZEEIE */

static rt_size_t rt_serial_read (struct rt_device *dev,

rt_off_t pos,
void *puffer,
rt_size_t size)
{
struct rt_serial_device *serial;
RT_ASSERT(dev != RT_NULL);
if (size == 0) return 0;
serial = (struct rt_serial_device *)dev;
if (dev->open_flag & RT_DEVICE_FLAG_INT_RX)
{
/* VAR eR gL */
return _serial_int_rx(serial, buffer, size);
}
else if (dev->open_flag & RT_DEVICE_FLAG_DMA_RX)
{
return _serial_dma_rx(serial, buffer, size);
}
return _serial_poll_rx(serial, buffer, size);
}

/* MREFEANEE */

static rt_size t rt_serial write(struct rt_device *dev,

rt_off_t pos,
const void *puffer,
rt_size t size)

struct rt_serial_device *serial;

RT_ASSERT(dev != RT_NULL);
if (size == 0) return 0;

serial = (struct rt_serial_device *)dev;
if (dev->open_flag & RT_DEVICE_FLAG_INT_TX)

{

return _serial_int_tx(serial, buffer, size);
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}
else if (dev->open_flag & RT_DEVICE_FLAG_DMA_TX)
{

return _serial_dma_tx(serial, buffer, size);
}
else
{

/* ERIETURIE Y/

return _serial_poll_tx(serial, buffer, size);
}

/* BEIHIRME */

static rt_err_t rt_serial_control (struct rt_device *dev,
rt_uint8_t cmd,
void *args)

struct rt_serial_device *serail;

RT_ASSERT(dev != RT_NULL);

* RIFEIEMEOXS */
serial = (struct rt_serial_device *)dev;

switch (cmd)
{
case RT_DEVICE_CTRL_SUSPEND:
/* FERRE Y/
break;
dev->flag |= RT_DEVICE_FLAG_SUSPENDED;

case RT_DEVICE_CTRL_RESUME:
/* GRER X/
dev->flag &= ~RT_DEVICE_FLAG_SUSPENDED;
break;

case RT_DEVICE_CTRL_CONFIG:
/* BEE®RE, WEIEITE. PURuIE */
serial->ops->configure(serial, (struct serial_configure *)args);
break;

default :
/* control device */
serial->ops->control(serial, cmd, args);
break;
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return RT_EOK;

/*

* | ARG EORE

*/

rt_err_t rt_hw_serial_register(struct rt_serial_device *serial,
const char *name,
rt_uint32_t flag,
void *data)

struct rt_device *device;
RT_ASSERT(serial != RT_NULL);

device = &(serial->parent);

/* RERERHZER */

device->type = RT_Device_Class_Char;
device->rx_indicate = RT_NULL;
device->tx_complete = RT_NULL;

/* WERFRNAHLIEO R */
device->init = rt_serial_init;

device->open = rt_serial_open;

device->close rt_serial_close;

device->read = rt_serial_read;

device->write = rt_serial_write;

device->control = rt_serial_control;

/* TEEAstm32f10x6T, LAk {E4Adata B TEm stm32_var tEERIRKITEST */

device->user_data = data;

/* ER—AFRRE */
return rt_device_register(device, name, flag);

/* ISR for serial interrupt */
void rt_hw_serial_isr(struct rt_serial_device *serial, int event)

{
switch (event & 0xff)

{

/* MR */
case RT_SERIAL_EVENT_RX_IND:

{
int ch = -1;
rt_base_t level;
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struct rt_serial_rx_fifo* rx_fifo;

/* FRENRWTEbuffer, serial->serial_rxfert_serial_openBE¥HTH{E */
rx_fifo = (struct rt_serial_rx_fifo*)serial->serial_rx;
RT_ASSERT(rx_fifo != RT_NULL);

while (1)

{
/* SKERVAFEstm32_getc */
ch = serial->ops->getc(serial);
if (ch == -1) break;

/* disable interrupt */
level = rt_hw_interrupt_disable();

rx_fifo->buffer[rx_fifo->put_index] = ch;
rx_fifo->put_index += 1;
if (rx_fifo->put_index >= serial->config.bufsz) rx_fifo->put_index = 0;

/* if the next position is read index, discard this 'read char' */
if (rx_fifo->put_index == rx_fifo->get_index)

{
/* EEmIBR¥ERE, buffer BaERERZ bufsz - 140FH */
rx_fifo->get_index += 1;
if (rx_fifo->get_index >= serial->config.bufsz) rx_fifo->get_index = 0;
}

/* enable interrupt */
rt_hw_interrupt_enable(level);

/* JE R EIE R %K

* rx_indicatefEdevice.c3rfrt_device_set rx_indicatepR¥=MR{E
* S¥Ffinshfefinsh_thread_entry 3Tk E

*/

if (serial->parent.rx_indicate != RT_NULL)

{

rt_size_t rx_length;

/* get rx length */

level = rt_hw_interrupt_disable();

rx_length = (rx_fifo->put_index >= rx_fifo->get_index)? (rx_fifo->put_index - rx_fif
(serial->config.bufsz - (rx_fifo->get_index - rx_fifo->put_index));

rt_hw_interrupt_enable(level);
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serial->parent.rx_indicate(&serial->parent, rx_length);

}
break;
}
case RT_SERIAL_EVENT_TX_DONE:
{
/* EDERE */
}
case RT_SERIAL_EVENT_TX_DMADONE:
{
/* EDERE >/
}
case RT_SERIAL_EVENT_RX_DMADONE:
{
/* KEDERE >/
}

uartdR {1 Fbsp/stm32f10x/drivers/usart.cd, BT

/* STM32 uart driver */

struct stm32_uart

{
USART _TypeDef* uart_device;
IRQn_Type irq;

b

static rt_err_t stm32_configure(struct rt_serial_device *serial, struct serial_configure *cfg)
{

struct stm32_uart* uart;

USART_InitTypeDef USART_InitStructure;

RT_ASSERT(serial != RT_NULL);

RT_ASSERT(cfg != RT_NULL);

/* serial->parent.user_dataBldevice->user_datafE & &M TmiE */
uart = (struct stm32_uart *)serial->parent.user_data;

USART _InitStructure.USART_BaudRate = cfg->baud_rate;
if (cfg->data_bits == DATA_BITS_8){
USART_InitStructure.USART WordLength = USART_WordLength_8b;

} else if (cfg->data_bits == DATA_BITS_9) {
USART_InitStructure.USART_WordLength = USART_WordLength_9b;
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if (cfg->stop_bits == STOP_BITS_1){
USART_InitStructure.USART_StopBits = USART_StopBits_1;

} else if (cfg->stop_bits == STOP_BITS_2){
USART_InitStructure.USART_StopBits = USART_StopBits_2;

if (cfg->parity == PARITY_NONE){
USART_InitStructure.USART_Parity = USART_Parity_No;

} else if (cfg->parity == PARITY_0DD) {
USART_InitStructure.USART_Parity = USART_Parity_0dd;

} else if (cfg->parity == PARITY_EVEN) {
USART_InitStructure.USART_Parity = USART_Parity_Even;

USART_InitStructure.USART_HardwareFlowControl = USART_HardwareFlowControl_None;
USART_InitStructure.USART_Mode = USART_Mode_Rx | USART_Mode_Tx;
USART _Init(uart->uart_device, &USART_InitStructure);

/* Enable USART */
USART _Cmd(uart->uart_device, ENABLE);

return RT_EOK;

static rt_err_t stm32_control(struct rt_serial_device *serial, int cmd, void *arg)

{

struct stm32_uart* uart;

RT_ASSERT(serial != RT_NULL);
uart = (struct stm32_uart *)serial->parent.user_data;

switch (cmd)

{
/* disable interrupt */

case RT_DEVICE_CTRL_CLR_INT:
/* disable rx irq */
UART_DISABLE_IRQ(uart->irq);
/* SRR */
USART_ITConfig(uart->uart_device, USART_IT_RXNE, DISABLE);
break;
/* enable interrupt */

case RT_DEVICE_CTRL_SET_INT:
/* enable rx irq */
UART_ENABLE_IRQ(uart->irq);
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/* FTFHERR T */
USART_ITConfig(uart->uart_device, USART_IT_RXNE, ENABLE);
break;

return RT_EOK;

static int stm32_putc(struct rt_serial_device *serial, char c)

{

struct stm32_uart* uart;

RT_ASSERT(serial != RT_NULL);
uart = (struct stm32_uart *)serial->parent.user_data;

uart->uart_device->DR = c;
while (!(uart->uart_device->SR & USART_FLAG_TC));

return 1;

static int stm32_getc(struct rt_serial_device *serial)

{

int ch;
struct stm32_uart* uart;

RT_ASSERT(serial !'= RT_NULL);
uart = (struct stm32_uart *)serial->parent.user_data;

ch = -1;
if (uart->uart_device->SR & USART_FLAG_RXNE)
{
ch = uart->uart_device->DR & 0Oxff;
I3
return ch;

static const struct rt_uart_ops stm32_uart_ops =

{

¥

142

stm32_configure,
stm32_control,
stm32_putc,
stm32_getc,
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#if defined(RT_USING_UARTT)
/* UART1 device driver structure */
struct stm32_uart uartl =
{
USARTT,
USART1_IRQn,
¥

struct rt_serial_device seriall;

void USART1_IRQHandler(void)

{
struct stm32_uart* uart;
uart = &uart1;
/* enter interrupt */
rt_interrupt_enter();
/* ¥R Read data register not empty */
if(USART_GetITStatus(uart->uart_device, USART_IT_RXNE) != RESET)
{
/* R WTAL IR R, AbIEERRRT */
rt_hw_serial_isr(&seriall, RT_SERIAL_EVENT_RX_IND);
/* clear interrupt */
USART_ClearITPendingBit(uart->uart_device, USART_IT_RXNE);
}
/* KIETERAPMWT Transmission complete */
if (USART_GetITStatus(uart->uart_device, USART_IT_TC) != RESET)
{
/* clear interrupt */
USART_ClearITPendingBit(uart->uart_device, USART_IT_TC);
}
/* Overrun error */
if (USART_GetFlagStatus(uart->uart_device, USART_FLAG_ORE) == SET)
{
stm32_getc(&seriall);
}
/* leave interrupt */
rt_interrupt_leave();
}
#endif

/* UART2ZEUARTAAH AL ARE */

static void RCC_Configuration(void)
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{

#if defined(RT_USING_UARTT)
/* Enable UART GPIO clocks */
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOA, ENABLE);
/* Enable UART clock */
RCC_APB2PeriphClockCmd(RCC_APB2Periph_USART1, ENABLE);

#tendif /* RT_USING_UARTT */

/* UART2ZEUARTAFERARIDERE */
}

static void GPIO_Configuration(void)

{
GPIO_InitTypeDef GPIO_InitStructure;

GPIO_InitStructure.GPI0_Speed = GPIO_Speed_2MHz;

#if defined(RT_USING_UART1)
/* Configure USART Rx/tx PIN */
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_IN_FLOATING;
GPIO_InitStructure.GPIO_Pin = UART1_GPIO_RX;
GPIO_Init(UART1_GPIO, &GPIO_InitStructure);

GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF_PP;

GPIO_InitStructure.GPIO_Pin = UART1_GPIO_TX;

GPIO_Init(UART1_GPIO, &GPIO_InitStructure);
ftendif /* RT_USING_UARTT */

/* UART2ZEUART4AELRLERE */

}

static void NVIC_Configuration(struct stm32_uart* uart)

{
NVIC_InitTypeDef NVIC_InitStructure;
/* Enable the USART Interrupt */
NVIC_InitStructure.NVIC_IRQChannel = uart->irq;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;
NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0;
NVIC InitStructure.NVIC_IRQChannelCmd = ENABLE;
NVIC_Init(&NVIC_InitStructure);

}

void rt_hw_usart_init(void)

{
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struct stm32_uart* uart;
/* ELERRABATR. BURFE */
struct serial_configure config = RT_SERIAL_CONFIG_DEFAULT;

RCC_Configuration();
GPI0_Configuration();

#if defined(RT_USING_UART?1)
uart = &uart1;
config.baud_rate = BAUD_RATE_115200;

/* FEHRERE */

seriall.ops &stm32_uart_ops;
/* BECEME */

seriall.config

config;
NVIC_Configuration(&uart1);

/* JFEfR&EFuart
* FEANSEuart iR L4 device->user_data
*/
rt_hw_serial_register(&seriall, "uart1",
RT_DEVICE_FLAG_RDWR | RT_DEVICE_FLAG_INT_RX ,
uart);
#endif /* RT_USING_UARTT */

/* UART2ZEUARTAFESCAEDERE */
}

WFEEPTRIX, BB ANENER, UTEFLEE T BEARNERRB, ExX4
FlFh, APEZIEMEMNMES E(uart], uart2)iREEIE, AEBEZuart1ig& A,
/*
* FEFEE  BORERIEREGTE
* IEXAMEIFES, K EE—Ndevt&FE, SREFTIFEROFN2
* YEROF2EWMAR, BTHEFRHABIEARAEE AL
* BONEEF,
*/
#include <rtthread.h>

/* UARTHERUBELEM*/
struct rx_msg

{
rt_device_t dev;
rt_size_t size;
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H

/* ATHEBUEERIBEAS*/
static rt_mg_t rx_mq;

/* R EAFR R X/

static char uart_rx_buffer[64];

* FAREAEA R/
rt_err_t uart_input(rt_device_t dev, rt_size_t size)
{

struct rx_msg msg;

msg.dev = dev;

msg.size = size;

/* RIFHERHESIF*/
rt_mg_send(rx_mq, &msg, sizeof(struct rx_msg));

return RT_EOK;

void device_thread_entry(void* parameter)
{
struct rx_msg msg;
int count = 0;
rt_device_t device, write_device;
rt_err_t result = RT_EOK;

/* BHRAGHHREONRE */
device = rt_device_find("uart1");
if (devicel!= RT_NULL)

{
/* RERIARI LI TR &>/
rt_device_set_rx_indicate(device, uart_input);
rt_device_open(device, RT_DEVICE_OFLAG_RDWR|RT_DEVICE_FLAG_INT_RX);
}

/* REFREAuarthixg */
write_device = device;

/* BERAGFREANRE */
device= rt_device find("uart2");
if (device_!'= RT_NULL)

{
/* WA RNARE LI TR &>/
rt_device_set_rx_indicate(device, uart_input);
rt_device_open(device, RT_DEVICE_OFLAG_RDWR);
}
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while (1)

{

/* WIBEBSIFZEUHE/
result = rt_mg_recv(rx_mg, &msg, sizeof(struct rx_msg), 50);
if (result == -RT_ETIMEOUT)
{
/* PRSI/

rt_kprintf("timeout count:%d\n", ++count);

/* BENEEE*/
if (result == RT_EOK)

{
rt_uint32_t rx_length;
rx_length = (sizeof(uart_rx_buffer) - 1) > msg.size ?
msg.size : sizeof(uart_rx_buffer) - 1;
/* EEGHE*/
rx_length = rt_device_read(msg.dev, 0, &uart_rx_buffer[0],
rx_length);
uart_rx_buffer[rx_length] = "\0';
/* BREIERES*/
if (write_device != RT_NULL)
rt_device_write(write_device, 0, &uart_rx_buffer[0],
rx_length);
}

int rt_application_init()

{

/* BIiEdevt&FR*/
rt_thread_t thread = rt_thread create("devt",

device_thread_entry, RT_NULL,
1024, 25, 7);

/* BRI BEhEAE/
if (thread!= RT_NULL)

rt_thread_startup(thread);

ZizdevtBoNE, RAREEREREFHuart], var XM iRE, WRFEMNIRE

BERWOIERLS, ERERWLEERET, REFTNEIRETR. BFRIEEK
EIEAZ—NMEEEMK (struct rxemsg) £, RBRREFERBAGIrx.mgH, devtikiz
EHARER, BEERBMKIFEFEENIR, NREDATIRZH, devt&i2iFHE
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B, BEARMAEE R IREE, WIRENFRERdevtZLIZIRE]ES3K0.58(50 OS tick, 7
RT_TICK_PER_SECONDiZ & J31008) A ERZ URZITE R, PILAMRIErt_mq_recviR BUR E{ERI AR

X iHdevtkZBE AT ARE MM RER, WRdevt&Li2 2 E hEIREE B M % EE
(rt_mq_recvl%l%ﬂlﬂ’ﬂiéIEHE,%RT_EOK) , BBAeBEsNAArt_device_readEZiZEGEE, A
BB Auart1i& &

6.4.4 finshfERuartixE 0t

1EMRE
BAEEZEMMEE, AeEMArt_device findBIXENRE, RBMATAETVI@EME. T
FOEEEFRE, BERESEERMZAEITIREIM, RBAAXAWT:

main ==> rt_thread_startup ==> rt_hw_board_init ==> rt_hw_usart_init ==> rt_hw_serial_register ==> rt_device_register

TERZIrt_thread_startupfEREAHA T rt_system_scheduler_startZ&IEA HIBE
17. FIMME LIEEERIREMIREEELHFE.

fErtconfig.hfE#define RT_CONSOLE_DEVICE_NAME "uart1";ZFMTiREBFIRE TXL
ﬁﬁu‘ﬁleE

rt_hw_board_init ==> rt_console_set_device(RT_CONSOLE_DEVICE_NAME)

finshiF fE AL L IRIZ &

2. Bffinsh4k i

7Eshell.cHREABINIT_COMPONENT _EXPORT(finsh_system_init), SRAIZINIT_COMPONENT_EXPORTE
HERBUETErt_components_initE P #iEH, AAX%:

rt_thread_startup ==> rt_application_init ==> rt_init_thread_entry

Bt &z, AREVIRILEIZRBE T finshikiz:

rt_init_thread_entry ==> rt_components_init ==> finsh_system_init ==> finsh_thread_entry

3. ?T;$1JZEE
EfinshZ 2T %%, MRABUT:

shell->device = rt_console_get_device();

RT_ASSERT(shell->device);

rt_device_set_rx_indicate(shell->device, finsh_rx_ind);

rt_device_open(shell->device, (RT_DEVICE_OFLAG_RDWR | RT_DEVICE_FLAG_STREAM | RT_DEVICE_FLAG_INT_RX)
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NRITHE &R B R ITYIRIE T RiE TR

rt_device_open ==> rt_serial_init ==> stm32_configure

stm32_configured#t{T TR ERESHNEE,
RIEFTHRE

rt_device_open ==> rt_serial_open ==> stm32_control

stm32_control Y& T FHiEUR i,

4. 12 WE R
finsh>RA T HBTZIRA NITAIRE, SHuartiQE IR E = 4 AR iR

USART1_IRQHandler ==> rt_hw_serial_isr ==> stm32_getc

BRI R BB E EWbuffer 2, AR TABEIAEEfinsh_rx_ind, finsh_rx_indF#h%

ESE, finsh&i23EIESEEIZINIE,

finsh_thread_entry ==> rt_device_read ==> rt_serial_read ==> _serial_int_rx

_serial_int_rxR# A buffer PiERELIE,

5. %X 5E
fEfinshfRiEArt_kprint fEREGHITHIL

rt_kprintf ==> rt_device_write ==> rt_serial_write ==> _serial_poll_tx ==> stm32_putc

BA_EBNfinshd ¥ tuarti® & #9ER 9 1.
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FEESBAERHRBEERTEIMTRARBNEMNSHE, MRARAHETLIE,
BURZLHE, ENRSRARRKMEMAER, FUEMELGERE, BRERNLERR
EBREHEET (IREM) FEEEN—IF, WTFERAREIUILLE,

FEEECUDHAE: APRENRLRE. ASREIERBATARSEH~EMN
75, PIRFTHER, RCREIERZBATIISRERTENES, AR TRERENE
H=ENENG. RSREERSRENXIEET, ATREMAR, RAVIILEITL
EMAEBRANTRERENEFESTR, MESFENTNEEMEEZZ 2N, fliN%
BOMRE, 2ATNEENLT, BRAZKITURBEHRSIETT (EHFEBEETHEMNAR
BEH) .

FRER, EE ISR, REETRSRE. SRENRT LR, SEBFHER
HBEAZ—MEEMEERITES.

7.1 HRETALIEITRE

SRl Dl SUR E TN i
R AL TE I 2
SRR, AR TR RT:

« RIFHAGEVURSER

© HARBEHRECIRRKEIPCH 7R

« EIEHINEE R A IRRBFF FIMIT

« HRIBRBAITIRAE, IRELEFRTER
« NEEHPIFREZEF—MEFRITR

PETESCPURICAES MR LR T FULAIE, MALILCPUELEARINERR S EEN
WEHLRE, BERFRHHRES: KPR AL IE 23RN0 s MmN R BT (EX
FIFRETEAE], BEAIERSIEH LN PITER, SRTTARIZIHTEA ) . ERITH
BARSS BIFERDT IR, MREESM AR RIPITRA A R, BFSa1tFHatE
TXWHRER, REARMNLERMERATEEARNLESN, LMHNHREEFEEER
HAlPETIEE BTN ; NS MARPEITE S RIPEAIETIE, MEERM
ROXANERRARMF TR, EEXMERN, M2 ORRE, EESRIMER, ai—H
BRARARAVRER, TEEENN FRTEIES B REME, MARGAIE (RERIME) £,
RT-Thread R iFHRBFERE, BNTE—/NAREBRBRSSBIF2HEAIE], ALIRRZATUAMGR 59— ML RE
SRR, IR TERR:
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HIEARRIT—ANRUARSGITE (B ) B, NREESHIPET (P2, PE3) fil
%, BLBRERFERRFHRIPIIARSFIIZM LT 3OME, AR ERET2ERETARS G
12, MKIULEHE, BEEFM3, SPEBHHRERSFRIEITRME, RATREPI2MLET
XIME, ARFOEIRER2EHETARS FIREREENIT, MKILEHE, BEEDE,

BNfER0LE, Y& FARERRIAIRNATFAES (PR ) BEINNAYE), SeRER R
RPN —EREREE (E7-3) :

FRETIERTBE X9, MARETFFIRRIET 2 I BT ARSS BIF2FF 1R ITRYRSZ] 2z i8] B (B ER,
AR BTAR 53 12 A9 AL IR AT B TCEZEUR T FRERAR S HIIE B 5%, WTFAENRZEREN
RETALIERGIEARR, EENARSFIFERIAEFERBA—, HRETIGRESETD = TB + TC,

7.2 Hr%

M ETHRRTAIES RS, BB, ERAMN TR, REE (HLEE) FE
EHRESH ETURE TR (BEREFESRIESESKRT ) , BEAPERSHRER
TTHRRRRmMN, B, 7ERITHETRCIERY (SKRRIFAAFIRETARS FIF2ERE ) , ETIE
RYPRITESEECHENEE, ILHFEZMRNIRZERET, FACARIONKAT
B ML ERMA L TSOGEITHIGIRERL, PR MRFEITEMES RIS, SN
PETRR LA, REENEESHERIT,

Pt th e ASITHHES KT E R BAR, BE8XH#EAPEN, EREFTITMESLET
Xja, tNREFERETEPRILETT, EPIMBHA, BMENM ETXRE, ERAMIIH
BN RIEEST S, AENTESKRERBLELLRES THERE (BUMTBRHH
Bk TNEZ 8], MRARZFHFPRE, THEEERNZHHREPIHNE S KPI=E)

RT-Thread RAM A N R IR FBH, BIPETLER, PERRIRIHARIEZRRF S
APR&EHERIAZSZEELNPIEZ B, FTHEMRENBIRERAFPI%ET. X
HHEMASORESHRZE, NiESTAFZENF AR, BREEESHEM, XM
L REFSANNRBERE,

7.3 HBRRYERFALIE

RT-Thread A%t iR AR 53 12 AT B B AV AL IEAT (B BT RRIR. PRI, (BWRIE ERATE
ERAHIEXLMIRIER A —HE, APEERIEFMENTETIRS FIFZER 0T 82558987 Bl N TR
(HIETFTHRSHEERETRERSNMER, SESABLERENIT) . IHELR
ShTERE, SRR THENFENRIEER, AR TRENEERELIETE, B85
BRI T — X RERE S,

SRR LR, PURTARSFIFIEEZESHENREIRSEE IR, MRS G
EETRENRSHEBIBEHITERLLIE, LANCPURHHET, RETRSHIERIFN—4
RGN PickBEFHITI—IRIE, ARMERPUERSZSOIFZ, XEPHFEEZIIEITAEIEE
LRI, WF RN -, PERSHIEENGEEFRSBIENE, EEEHIT—
RYBHENMGIETRE, BEFSERZTHSE 0AES, BILFEES (Top Half ) FITFH
5. JEF 8BS (Bottom Half ) , #ETop Halffh, EXSWEERSHEURR, FTHEERL
R, AMERLIERIXZ—SIEH (FTAR2RT-ThreadFrig fitisemaphore, event, mailbox
gimessage queueF A ) , ABRLERTEARSHIFE; ME TR, BXNEEEEEE
B, BEMNKRSSHBBHITH —THILIE, X— T2 Z BBottom Half ([RFRIE ),
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7.3.1 JRFREIBLIPSEA

EX—TH, ITiFEMERBottom HalffTERT-Thread FRYSEIR, FAlIBA— N EEINAIMLR
RERBMEBIBEEIE RO (F17-1a) , FRIFEBWEIBIERXE, RENRIAIS,
RIBR—MENFEND, tEINEBPETRESEZHNTEMN, MATERFRPIRESER
THEE BRI TR,

/*
* FERFTER . PHTRAALIESI T
*/

/* ATHREESLFERESE */
rt_sem_t demo_nw_isr;

/* BEEEL, SMTHISAE */
void demo_nw_thread(void *param)
{
/* BEXREHITHENNBULTIE */

device_init_setting();

/* R HTRSHIFE *
rt_hw_interrupt_install(NW_IRQ_NUMBER, demo_nw_isr, RT_NULL);
rt_hw_interrupt_umask (NW_IRQ_NUMBER);

/* . CHABR—EARAE ./

/* BiE— semaphore3&lfm/Bottom HalfgZ{4 */
nw_bh_sem = rt_sem_create("bh_sem", 1, RT_IPC_FLAG_FIFQ);

while(1)

{
/* &g, ibdemo_nw_threadZ:{F4Enw_bh_sem_t */
rt_sem_take(nw_bh_sem, RT_WAITING_FOREVER);

/* W Esemaphore{z S /5, JHAE1EABottom Half4MHRIIFE */
nw_packet_parser (packet_buffer);
nw_packet_process(packet_buffer);

int rt_application_init()
rt_thread_t thread;

/* BIEALIELFE */
thread = rt_thread_create("nwt",
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demo_nw_thread, RT_NULL, 1024, 20, 5);

if (thread '= RT_NULL)
rt_thread_startup(thread);

XM FRREF R T — PnwtiE, XMNKREERINEITE, BEEEnw_bh_sem(s
ELE, —BXMESEWEN, EMITET REInw_packet_parserid#2, FFaBottom Half
HEHALIE, 18T RIEBIIRE— Fdemo_nw_isrF 2u{A &L B Top Half, FFF /S Bottom
Halff, 40T l,

void demo_nw_isr(int vector)

{
/* HnetworkiRBIFPWESBIER, FEAFWRE, FFHPITIHISR */
/* FFiaTop HalfERormIAbIE, amBUE AR & HPRES AFIRT & 4 T I Fpeh ™/
nw_device_status_read();
/* . H A — e BERREE . Y/
/* Biinw_bh_sem, &iE{=S%#;demo_nw_thread, MEKIFFi4Bottom Half */
rt_sem_release(nw_bh_sem);
/* SRIEIRE TR Top HalfEp4y, Z5ddeviceflISR */
}

M EEFIFRBEMCBEERTUEL, PIRSFIEEIN —MESENRIEFRE
18, RFThL P BTBottom HalfAUCIAFNLLLE, BT IFHETALIEXIS5 JTopFlBottomE N ER 5
&, EREHPRGETETHARTITRE, XS RAAEEEAFEFERART-Threadly, Wi
INEE B RTARS FIIEET B R B K F LA Bottom Half & X @ AN F AL IR A AT (8],

7.4 HBRMEXEO

ATREMFERAFPNARARERE. HURER, RT-ThreadEPEIFIFE IR
R, UERFWEONEARHBSEA,. (f: XE5THIAPIHEBSPRA, AFLEAERS
SN ZRHAR—ERZE, FIIARM Cortex-MO/M353 =, BEEIREXBED ZIKEIFHM
SEIER )

741 REPETARSSFIFE
ST T B O — R PR S A2 :

rt_isr_handler_t rt_hw_interrupt_install(int vector,
rt_isr_handler_t handler,
void *param,
char *name);
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BArt_hw_interrupt_installig, R AIFIER FRIPETAR S %152 (new_handler)F135 E Y
TS XEEXR, HXANPENREFEREEN, RAREHIERRENPHRSGIE, R
old_handlerfihz, EFMRE ZF]IXREXAYIXPETARSSFITE,

RIS
S8 iR
int vector vectorZEHBPES ;
rt_isr_handler_t handler FIEFRI PR AR S HIFE;
void *param param&{E S EBLE P RTARS FI72;
char *name FRRTEI R FE,
BRI B0 [E]
BRI ER B3 EX N R T AR 53 132 2 s i H BV P BT AR S 172,
EEEIM

XPMAPIHASHMAES —MBESIH, FU0EE Cortex-M0/M3/MAKFEIE Y X gk
EBIXNAPIL,
7.4.2 REnE

BEAISRESLERNHES 21, BINFBLRFEBZTER, URIEERE TR
RBEIFEFREERESHEREASZETIM, BATTERATEXMERSED:

void rt_hw_interrupt_mask(int vector);

BAArt_hw_interrupt_maskR##EAfE, HNMFEIESEFER (B8E X PEks
B, PERSTFERSBHENMNEN, BFNXAZIGIESFHITAIE) .,
RS

S R
int vector vector2ERF#RIIPITS,

EEEM
BEMAPIH RS HIES — M BES P, FIAEE Cortex-M0/M3/MAMBIES 32 HF
BIXMAPL

7.4.3 FTAHRFERBREIPETR
FEISRAEBFTERSEBIENE, FERRIITH ZRHRFRITENR, (£5RA]EHR
EREAPEIMES, RATTEATEHHNRKED:

void rt_hw_interrupt_umask(int vector);
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Art_hw_interrupt_umaskR #3205, MRPE ( RITNIME ) WIEHRET, PRkt
£fE, X3 GIEERHITAIE,

RS
S R
int vector vector@2E T A RIS,
EEEIN

ENMAPIHARSHIMEE — M BESXH, FIUiEE Cortex-MO/M3/MA4RRBIE D T HFL
JEBIXNAPIL,
7.4.4 XFIHBR

UEBXHBNREVDHE, TAATENRIIED:

rt_base_t rt_hw_interrupt_disable(void);

HRZEXRA T HEE, MBERESES/NBASBEMEERITH (BABITRE
EETEMIREAME ) , BMBIMESAIWIES, RIEXMESEMILHLIESS,

BRI Z8R (]

BRI £5R O] FR T BT R R FR RIS,

7.4.5 FTHHER

FTAREREERM R AR ERR, BTFRE XAPEKEIIIKE. BRMEEED
Mnr:

void rt_hw_interrupt_enable(rt_base_t level);

BRI AR IE OISR E 1B A rt_hw_interrupt_disableBTIHIFBTIRZ, level@ E—k %
] FR i B R B BB,

RS
S iR
rt_base_t level level Zrt_hw_interrupt_disableR¥i& B89 BIRS,
EREIM

WAXNMEOHATNRESETATE, MEMREXAFHARE, MRIEFA
rt_hw_interrupt_disable ( ) BIRXFBTIRZ, A4 IEALERBISRARRPETIAZ.
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7.4.6 S50SHEXHIFHREEC

HENRFWPEITE, #FAPLIERKE, OSEERME SIS EHEARREIR
o HIXMIES, OSIEMTHAEE:

void rt_interrupt_enter(void);
void rt_interrupt_leave(void);

rt_interrupt_enterR A F@EEN10S, HEIELHFH AN T HRTIRE; rt_interrupt_leaver®
HEATIEHOS, BELBEARIIRS, BEXRIL, OSEEIMMEXMHMGITRE, XHER
BRZBIFER, MNRIAATOSHEXIER, OSHFRA{AREMEMNMITR, FIANHITES Nk
RZREYHR BT R ES tNIRAVERE, MARIIEN# TR, ERMERRRSOIEREAR. |
WM, ERRFIRAAOSHXEL, X/NEHE, te]UAARIFArt interrupt_enter/leavei®
.

rt_uint8_t rt_interrupt_get_nest(void);

XARBRME FENA, SRIERENTTRE, B, MRIFIR P LT SOMER,
XA R AREEZATO,

BRI ZSIR ]

RERR O HRIR AR HETERENARE, WRIRARL TR L TR, REEX
F0, MIFREEKRTT, HEBHATHILT RERE.,

ARM Cortex-MZ& 5 &b 1288 5 AEAIARM7TDMI, ARMO20TAHZER S, LAEABIIEHIZE
EHHIPIENNERGHT BBTEX, MARM Cortex-MNUIEREIIZHIB A —IER, HEN
NVIC (EREMEFHTIESH) . EEMHE, ARM Cortex-M NVICZ HHBEREINRE: H—1
PETAA A ERSEITINE, ERFEGEHINEITHERS LT X FFEBEARR
KR, XESHFEESEEPSR, RO, R1, R2, R3LAKRI2EHEFEE. HRRIEERS— IR
B, MRB—NESMLRMOTEME, BLLERRFNRITE S S THIPERARS 6
12, REIBEMPRIARSFIFE L FXAIPSR, RO, R1, R2, R3FIR12FFEEBEMNRFEIHRT
KA, XS E T XS HEERFIREKRMNITATERBEHITH, I—rE5HEMARMA
EREARNXH (UEBFE2MBTREREFLTX)

7Y%, TEARM Cortex-MARFIAIERE £, FrEHETERRAFEIRERM G VEITRIE,
BN — A rhirft g, SERGERATERWAPEER, RS ERPIEEIENEE A
EFTAIE, MEARM7, ARMOH, —MREZEHIEHEAIRQAL, AEHBHRIRMGHEITHIE
RMAPENRANL, RS THENNARERSARADMIE, BEITEENTRLE
ARM7, ARMOMI¥FREET, FRBEHBIENTEBER —RAOMLE, EFOSHE—EE, m
ARM Cortex-MARFIRLIEZZ M IETENE R, E4NFRBIARSS BIT2 W AHEDITE — ERELSR —rItb it
£ (XMt EIEBEINVICH R a2RESFSRT) .

P EER—HIRA— P EEE X (RERBRIEBPLSL ) . ESTM32.E, EIARBIER
REgLa:

REBE: YAt PhhEER
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__Vectors DCD __initial_sp ; Top of Stack
DCD Reset_Handler ; Reset Handler
DCD NMI_Handler ; NMI Handler
DCD HardFault_Handler ; Hard Fault Handler
DCD MemManage_Handler ; MPU Fault Handler
DCD BusFault_Handler ; Bus Fault Handler
DCD UsageFault_Handler ; Usage Fault Handler
DCD 0 ; Reserved
DCD 0 ; Reserved
DCD 0 ; Reserved
DCD 0 ; Reserved
DCD SVC_Handler ; SVCall Handler
DCD DebugMon_Handler ; Debug Monitor Handler
DCD 0 ; Reserved
DCD PendSV_Handler ; PendSV Handler
DCD SysTick_Handler ; SysTick Handler
NMI_Handler PROC
EXPORT NMI_Handler [WEAK]
B
ENDP
HardFault_Handler PROC
EXPORT HardFault_Handler [WEAK]
B
ENDP

BEIENBEARNWEAKITR, ERMSIHLIRR, EIWEAKIFIEAIFFSUNMI_Handler,
HardFault_Handler ) #1755t &b 18, MREAMNBERIZNER T EHERNF
= (FIENSNMI_HandlertBEE BRI E ) , MAKRBREAREBHLEXNFTS (5
NMI_HandlertBE & HIEEL ) , MSHUAFSHERMRBIFHEENER.

RT-Thread7E Cortex-M % %Il EtHBEX MG E, SRAFPEEFERABETE XK IAR
ZHER, REEEXNHEBMWRHABER/HCHSHE, SIUAFRFEEREXBECEH
R O2FRBTALIE R4, FBAPTAENIE R E S KIMUSART2_IRQHandler ki3, ER%%RmiZE
BEiER, PRFEERFIE DR BiX % USART2_IRQHandler&i$, A= L33 WAEKIE IffY
USART2_IRQHandleri& 4,

7.6 IMZHFRIFEIENN SRR

HWE —MIMRIEENES, EEEFELIRRARERIAMLEREHERIAMEEERE
MARARBELRBZERNEE, FEXNEBESMMFARASHREFARTERTIERE
R AREEERNASRAIMFHTHAR: E0RENNEGAGEEITNAILE, FREA
RN LR, BITEEEBMW, FNEREOFBEARE, RIBEOEHRET—
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NIRRT, ERREABAT MR (BNXNMNRIBEFE ) . BENAKER] ARIXF
#:

while (size)

{
while (!(uart->uart_device->SR & USART_FLAG_TXE));
uart->uart_device->DR = (*ptr & 0x1FF);
++ptr; --size;

}

BRASNAFHLWRATESLHMIFEREDR, EAESRREFRAET, S—1NME
&t AITR (1R ) , ERENLIES—HIBT, LERTRBNLRETFIZBEIE
7. MANREP, ZIEERR, NNFRBMERZS, FJURE—IIEHFIBETXNE
FF, RRESSN—EEER LE1THIN—FRIERF,

FTLEERBA T, SKNRFHESRANIPEEINRENIMNG, SBURAZIE, BHF
BRIREEME KAV IELAE, BUSHITRENIF. FlIl—EEHFIFO (B8 —EBIRENT
LRSI ) B&EOME, EEATREAUNEXFN, MTFEAFMR:

LKIZKM B OBIFIFORBEANRIE, SFIFOHAY, KREEmEE, BOEG B[S
FIFORREX tH#0BF CABC B AR E (FI180115200bps ) &iEHE, HFIFOFFI BB L%
FTRLEY, (FEALIER A — NPT SRRSO EEIMITR, SJRAREEXNATE, XE
AR FIFORARIRE, EMKPLBDOMAREMIRE, REXEL,

W HEERIREXMIENERLF, EREROIMIEFIFORMEBIEREL AR, AIEEER]
MBITEMZRE, IHMRES T RAANBRRITRER (EENTONRARE, XHFNIR
THRIFEMVE), BERENT-ESREIRE, FINEEERAZ]10MbpstIaHE, Rig—X
REMWBIEERE2FT, BAIUHEHLEIF—RBIEEFEMRER:

(32*8) * 1/10Mbps = 25us

HUEFERELNN, REFAE2S5usERA —NMHBTCAREE ERETRHE T IREE,
BRI R FRMES D HRET B2 8us (BELAHRFRAMES LT XINREEIRE/LPus) ,
MBLHBNRREBITH, MTRIETFEMNAREGRE25/(25 + 8) = 75.8%, {ERRALEIR
N, BIEFENFARMATEEIAZ100%, IMBAREBUNAFZRAEFRIESHLER
RHEZE, RAFHERETESIRE (BEIRAZEZSWASZAEIRN, RAKF
A3, DREPEFLIESRN, B TFHITR KPR LELIENNEIFE, NEIBFE—D
TBE) .

B LRt EiIRE, BAATUEHER—LEXBEAR: KERFEEM/), RXRE
iR, WFHRBESHENZMBFHA, FIRER, RAFTEPIISARNF, H—1%
RAABBRANESHEN, TUBERMLALN:

- EINERBIEERENKE, BAREIIMIRESHAEKIE;

- MEFATENPIRN AN WEN, BRI THRREEARN—EIEGGEN, Hit

RILFEREESARIBITHRR, JMER BRI BHRE SR,
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N FHR IR

EERARERIERAFR, ARZRMARZTEZD AN, NARFGITERFZE, W
AR NIZIERNEITFAZZE, ERRZERE] UE1SNE SRR Y RAZINGE, m
ENERARRENY, BEHARXIARSSERFPES, FEENRABERIEFM —NE
MAEGE T DB HE S EBFlash®, BRT-Thread 0.4.0hR A5 T —##5 ART-Thread
application module ( SR ) MR, BREM T —FaISMNEKENFHNBREFOINEE,
N AR AT AT 4Ri%E, FHEFMEINERFMENR L, ASD+. SPI Flash, EZE 0] BT ML
&5, {BRT-ThreadfXAEBX AP ZRISAZEE, K FAERIR L FREZ R R ZIER
BN, RHENSESI, FIUMERRRR, HBERE, TXIERT-Thread application
moduleE#5 o i FIIE IR TR IR,

[TODO] E #r{E RN F#&EIR JofE A rtthread-appsiI A ; JIARTM_EXPORTZE A,

8.1 IHEEFNPEHI

N AR BRT-Thread iRt —MANEE A AL REENBEFNINE, ThgEt+HR
&, MSEHL L, XRB—MIGAZFIN A S ARG, BEXFYE, AZFIR AR U5 F
HiF, HEBITEIEIE AZPRERINE SIS RmIFTFRIN BN E AZ BT,

Y BIRT-Thread Sz 5 M FARIRAYZEM) BIFEARM7, ARM9, Cortex-M3/M4/M7, RT-Thread
RZEGEBH I EA S MHRiFE T HEE, WGCC, ARMCC, IARET His; (BN ARRES
FHIFRAEZIFGCCT RYE, HILYRiFRT-ThreadWIRFE FEHGCCT B, flilCodeSourceryfy
arm-none-eabi T B §%,

N AERBE—ERE, ENEZHNFEZIRAMPIZIT (AAEBEAREFEHIEFSHITH
WHEETR) , MAsEEEEash LizfT, Bk, HBRMWRAMSEZ —L& (#EFlash L&
EXIPHITHICortex-MAL IR RNLBEIE )

8.2 {ERMNFARIR

ERERFVDERANARIR, FEREF—NIFHNARIRIIRT-Thread 52 /7 AL 4
MR RRERIERF, FTERES ARSI NE.

8.2.1 #mi¥EiEfF
#ErtconfightITAM TR (MRARTFENFENRM)


https://github.com/RT-Thread/rtthread-apps

8.27 {FHMNAER RT-Thread4w72Em

#define RT_USING_MODULE

P2

&

ERIEETRE, REBFESESConsMBR A —FZF S)WAI4HIXRT-ThreadiF

A
R, FRIFFHERF FHESHPIEIT,
R

1. MRZFNEIZERT-Thread®IMDK L 72, FEEBEEIE AN AIAN--keep __rtm-
sym_*Z%%
2. B9 T bspE R FAIstartup.cATBERMArt_module_system_init ()&

8.2.2 {ERMNFRER

RT-Thread/ERZFRIZ M T LA N RRRIIEARHF, B 1M FRT-Thread/ErEHfFJexam-
ple/moduleBRT, BrRIZBXRTHEEWTERNXHE

« example/module/basicapp/ —ME R RN FAFRIR T F2

« example/module/tetris/ —MERRTGUIAYH S B /5 SRAI N AR T 72

« example/module/SConstruct iz &R T 2RI A

« example/module/rtconfig.py AR TIZMECEMA, FEMRE T A1tiK1FHbsp,
EKINFImMIini244093 %

« example/module/rtconfig_Im3s.py Im3s89624%> Sz f 5 Ff T2 A B I AR, {FERART
EE & Prtconfig.py

« example/module/README fEF3 15 BB

X B BAstm32f10x bspJaffl, Zmi¥F— N stm32MNFERIER, 8 Mtest, BRIUITIEE
&AD:/work, EHILATXHEEFRZIworkERTF,

* $RTT_ROOT/example/module/basicapp/ --> work/basicap/ --> work/test
* $RTT_ROOT/example/module/SConstruct --> work/SConstruct

Fi8workE R T HbasicappE#s & Atest,
B Fstm32f10xEFarm-cortex M3%244, E L& Hirtconfig_Im32s.pyZlworkBERTF,
FE& R Jrtconfig.py, MTFR

* $RTT_ROOT/example/module/rtconfig_Im3s.py --> work/rtconfig.py
FTFwork/rtconfig.py> 4, FHaATIER

1. {824BSPJystm32f10x
2. BEMRARM GCCEERR, FIEIREXEC_PATH R{RIVSRIXEERTZ

FEEEMNEE L, EBEIwork/rtconfig.pydl R :

# bsp name
BSP = 'stm32f10x'

# toolchains
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EXEC_PATH = r'C:\Program Files (x86)\CodeSourcery\Sourcery_CodeBench_Lite_for_ARM_EABI\bin'
PREFIX = 'arm-none-eabi-'

CC = PREFIX + 'gcc'

CXX = PREFIX + 'g++'

AS = PREFIX + 'gcc'

AR = PREFIX + 'ar'

LINK = PREFIX + 'gcc'
TARGET_EXT = 'so

SIZE = PREFIX + 'size'
OBJDUMP = PREFIX + 'objdump'
OBJCPY = PREFIX + 'objcopy'

DEVICE = ' -mcpu=cortex-m3'
CFLAGS = DEVICE + ' -mthumb -mlong-calls -Dsourcerygxx -00 -fPIC'

AFLAGS = ' -c' + DEVICE + ' -x assembler-with-cpp'

LFLAGS = DEVICE + ' -mthumb -W1,-z,max-page-size=0x4 -shared -fPIC -e main -nostdlib’
CPATH = "'

LPATH = "'

EworkB R FTHG ST, AITH T a<mIZNAER

scons --app=test

MERSGEEIR, SEwork/test F&E R build/stm32f10x/B &, HHtest.so}IRT-Thread

[z FIRER,

Fitest.soE MEISDEEMIREH, ABREFKIRPEBITHE— L RIFFIIF TRT-Thread
N FRtRIRAEFZ T, bDAtest.soE,I%&’Eﬂ:SD k, FERFSDRHEHEIRT-ThreadtlREXT,

M ZEfinsh Shelldia1T

finsh>>exec("/test.so")

U BRITHRR, test.solEM&IBIT,

Hello RT-Thread
Hello RT-Thread
Hello RT-Thread 3 103
Hello RT-Thread 4 104

1101
2
3
4
Hello RT-Thread 5 105
6
7
8
9

102

Hello RT-Thread 6 106
Hello RT-Thread
Hello RT-Thread
Hello RT-Thread
Hello RT-Thread 10 110
Hello RT-Thread 11 111
Hello RT-Thread 12 112
Hello RT-Thread 13 113

RT-Thread 3.0.0

163



8.377 N AEHRAPI RT-Thread4wf2$8m=

iZE A Zidexample/module B R T Eftb M AEHIRA], tBeICABE S5 NAR
RiZF, REZFZNAERERNREE~, REFEHIEEER !

8.3 M FHTERAPI

BR T TAEE finshF o INF M A ERSN, the] AEERRFHERART-Thread iR AN A
IRIRAPIR N FEREN L FRIR,

rt_module_t rt_module_open(const char *path)

RS

354 iR

path RIRFERIRZR;
BRI ZSR ]

IERINER EIERTEST, TMREINULL
XMERMAX ARG NENARIREAFREIT, EEMMNEREZEREE,

rt_module_t rt_module_find(const char *name)

RS
S8 R
name RRE;
BRI O]

NRIXE MR ORERIEET, BNIRENULL
XANRBRIBFERRZERARACMNEARR, FHEIREZERTE,

rt_err_t rt_module_destroy(rt_module_t module)

BB
S8 R
module FRIRIEET;
BRIHGR O]
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P INIREIRT_EOK ; LMK [E]-RT_ERROR,

XA B HBRNAER S ART-Thread AIZW KR, WMESE. EFE. mempool

%, MREFEATHIE

rt_err_t rt_module_unload(rt_module_t module)

ERIEX

W

3

53

4

W
ﬁ

module FRIRIEET

BRIHLR O]
R INIR[EIRT_EOK ; SKMiR[E]-RT_ERROR,
XN RIS R N AR IR T2 DA Ry F 4TS
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I~ S) ~r

=1
e

FEILRT-ThreadZEFEFO A EIB1TIER, WAL EIERT-ThreadEXFit /i LB 1ELF,
AEZHIART-ThreadBIEIEXEIN, [IAFLAARM Cortex-M3 Jo 25 L al{a] #2#ERT-Thread Z|
— NEES R L,

9.1 EAHBELRECEE

BERSHALED EREEA—BELRECHITEE, UWAHEERT-Threadi7E
Bk F EEEZHITRIE, BIRT-ThreadE A BRI TSTM32F103ZET6RIE, M
BB irRERRZSTM32F103C8ToRmMF, FTlATES B S RiZIERT-Thread “#1E" ZI
BerRF L.

A0, STM32F103ZET6F1STM32F103C8ToXTIRIE R M A% ZE SIXETFSRAMM A
EX/N, MRERTRGNSNTE (B LENAZEZEMrt_malloc®$l ) , RIXEXA
RANBANFENERUAR—4, HithZB5, FIUARM Cortex-M3F B2 —H##A%, B
BARA—##, EEEBCTAREMMSBE:

+ TRIREANEZMERZZS D,
* SMRBIpinSI IR EEE;

FERX 7 EgisniE, BEARIEELZIESTM32F103ZET6RIRT-Thread, 7ESTM32F103C8T6
LFiBEITER, REZEIXLA XS, MEREXMNBEREZERIL, FJUER
STM32F103ZET6RI R EB D #E1E KD,

FrATEE B IERT-Thread 2| —MF B SIS/ 28I, MiZ TR, RT-ThreadR@EEL
SEEUNGIESE, RELEIFT, BANFEEEARREMTSECREN],

9.2 BIHERINES
FEBIEZEI, RIZIRT-Threadiy B REWE—ENT#R:

RT-Thread

+---bsp /* WRLRZIFE, A FFHE R AT AMEX R ETRE] */
| \--- stm32f40x

| \--- simulator

| \--- stm32f@x



9.27 BIEFINES RT-Thread4rF2i57

\--- stm32f107
---components /* RT-ThreadXZ3FHILAMHICHFSE */

|

o
+---include

+---libcpu /* CPURNAZEOMES */
| \---arm

| \---cortex-m4

| \---cortex-m3

+---src /* RT-ThreadN#ZHG */
+---tools /* LTEMAI L */

Hrh, includeFsrcE & FHERT-Thread S22 M AB X4 ; components B &
BTHRESEEEN; toolsRATMERT-Thread I B IF T sconsiy — L3 R HIAS; bspFl
libcpull) R AEEXIIER S,

pES

BEX, WF—ABEMRTbsp, libcpuERMUIN, EfthhyB RGN IZHIER,
B3 F—FE 05T BB A W AZ(EL 20 Cortex-M3,Cortex-M45), ElibcpuEB 3 th B 213 7E,
TENEEENWE REFTMMAXbspBEE 57 B0E],

REAMEERF—MINRmiIFeEn, A rIaEERElinclude\rtdef.hFfinshFHE XAV
B, SEXH-MNmESE, ANFEEEEFLD ZAR, BEKRAENZIVER AURR
HEXmE#, SE5EHES.

ETHTRT-Thread® B3R, LARFINER CRIZIECKMERNRISE, MiZ T #FRT-Thread
BENEWIRI:

* {EFRT-Thread R #JlibcpuB 3 XAEHE, FICPUMEXAIBIEMElibcpuE R THIHE
WMNEFEFRFP, BEHBEE T sconsiySConscriptil Az TR ERXIMERT
#libcpuszts;

* NMEFART-Thread R #YlibcpuBR: FIMNFEEFERBECHICPURBHE, SXMCPURBIER
2MEIALEDZ L,

WFEMIER, IARBITHANERE CHBE:

your _board
--applications
--components
---Ccpu

---documents
---Libraries
---rt-thread

+---tools

+-
+-

+
+---drivers
+

+

\

+---include
+---components
\===GrE

XA EREMEILAEE], rt-threadB9HEX B R D —MEIRIZIM B RNETLZE
*TH, ANEECHIEERF, 83!

* applications, FAAFHRERFNANEX;
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« components, ATRERAFBECHAN;

« cpu, BRERMIbcpuER, MESHBEHEXNRE, R
* driver, AFB{TREIIED;

« documents, FFPXHY;

* Libraries, —LEABNEIERIE M ;

TEIEN—SR2, REIHNERAN, FEESConstruct XA IIAhas_libcpu =
TrueR9IEIN :

# prepare building environment
objs = PrepareBuilding(env, RTT_ROOT, has_libcpu=True)

X EREAREREAsconsH TRiFHEERsconsER TIEXGEHRmIE, BIEAER
fErt-thread\libcpuici /5 18 X BUIX BB 731X FD,

9.3 RT-Thread7£ARM Cortex M3 _ERIFZ1E

T Y% ART-Thread7ZESTM32F103ZE Jo ffll, /T B4 F T, R I B ESL7EKeil MDK LB 1E
RT-Threadt9iZ1E, HA, MR R FIF S EZE RN, v LAS2E RT-Thread7EARM Cortex M4_Ef
e BENATETERNBNEETESE.

9.3.1 #iIRealView MDKTI#%

fEbsp R N projectE R, 7ERealView MDKRFHEII—NTIEXH (AXRE
2), B Aproject, RFEbsp\your_boardBx T, SIEIFZR—XAIEY MDK CPU
EEREE: CPUEHESTMicroelectronicsfYSTM32F103ZE:

RO)EHISTM20 BN BRI TiIZE R, E8FNo, HINFEEREFHNRBNNG

RBEFETIEREM, 90 MDKILiETargetizEE]

Select Folder for Objects B &% 2| bsp\your_board\build, Name of Executable /g
rtthread-stm32

[E#£Select Folder for Listingsi&##bsp\your_board\objsE &, % MDKI #EListingi&&
FiR:

W MDKILiZ4miFIRERE FiR:

C/C++fRiFEDURETIR, EANEHEFERTSTRSTM32E 4R, FEEDefine iR
IOENTR2ANE X

* STM32F10X_HD
* USE_STDPERIPH_DRIVER

#EInclude Paths ( SkXFIEZER1Z ) PRI LESTEHERZEIncludely B &:

* Libraries\STM32F10x_StdPeriph_Driver\inc;
* Libraries\CMSIS\CM3\CoreSupport;
* Libraries\CMSIS\CM3\DeviceSupport\ST\STM32F10x

PATZRT-Thread 89K B8 12 FISTM32#2 18 B RAVER1Z
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Select Device for Target 'Target 1°

crU |
Wendor:  STMicroelectionics
Device:  STM32F1032E
Toolset:  ARM
Lata baze Dezcription:

----- £1 STM3ZF103TR

STM3ZF103vE

----- £1 STM3ZF103VE
----- £1 STMIZFI03WC

£ STMIZFI03D
£ STM3ZFI03VE
£1 5TM3ZFI03E0
5TM32F1032D
S 10%ZE
STM32F105RE
STM32F105RE
STM32F105RC
STM32F105vE
STM32F105WE

ST e vmmma

ARk 32-bit Cortex-k 3 Micracontraller, 72WMHz, 512kB Flash, 64kB SHAM,;I
Flexible Static bemomny Controller for SRARM, PSRARM, MOR and MAMD Fla:
FLL. Embedded Intemal RC 8MHz and 32kHz, Real-Time Clock.,

Mested Interupt Controller, Power Saving Modes, JTAG and 5'WD.

4 Synch, 16-bit Timers with Input Capture, Jutput Compare and P,

2 16-bit Advanced Timer, 2 16-bit Bazic Timer, 2 16-bit \watchdag Timers,
SyzTick Timer, 3 SPIA2S, 212C, 5 USART, USE 2.0 Full Speed Interface,
CaM 2.0B Active, 3 12-bit 16-ch &4/D Converter, 2 12-bit DA& Corvverter,
SDI0, Fast 1/0 Paorts

w
1 BT

o |

RT-Thread4miZE/

Caticel |

9.1: MDK CPU &R REE

\?) Copy STM32 Startup Code bo Project Folder and &dd File to Project ¢

]

9.2: MDKIEIN/ZENKHD
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9.375 RT-Thread7EARM Cortex M3_Liista

Options for Target "Target 1°

Device Taget | Dutputl Li$ting| User | C£C++| Azm | Linkerl Debugl UtiIities'

STMicroelectionics 5TM32F103ZE

stal MHz): |m

r Code Generation

Operating system: |Hone

[ Use Cross-Module Dptimization
[ Use MicrolIE

=

™ Use Link-Time Code Generation

[T BigEndian

— Read#rite bMemony Areas

—Read/Only Memory Areas
default  off-chip Start Size Startup default  off-chip Start Size MHalnit
~  ROMI | | C ~ ReM | | r
~  ROMZ | | ol ™ RaM2 | | r
™~ ROMZ | | o ™ RaM3 | | r
on-chip an-chip
¥ IROM1; |%8000000  {0:80000 g [ IRAM; |0%20000000  {0:10000 r
[ IROM2: | | o [ IRAM2: | | r
ok I Cancel | Defaults | Help |
E 9.3: MDKIfETargetiR B E

Options for Target "Target 1°

Devicel Target Output |Listing| Uszer I EI.I’C++| Asm I Linkerl Debugl Utilitiesl

Select Folder for Objects...

Mame of Executable: Illlhread-stm32

v Debug Information

[ Create HEX Fil=

Browse |nformatio

' Create Executable: Mtthread-stm32

" Create Library: Mithread-stm32.LIB

[” Create Batch File

kK I Cancel | Defaults | Help |
9.4: MDKI#20utPutiZ EE]

RT-Thread 3.0.0
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9.3% RT-Thread7EARM Cortex M3_ERIF21E RT-Thread4w72Em

Options for Target *Target 1° ﬂ

Devicel Targetl Output  Listing | User I CIC++| Bz I Linkerl Debugl Utilitiesl

i Select Folder for Listings... i Fage Width: I?S _I;' Fage Length: IEB _I;

¥ &ssembler Listing: . Sobjsh= st
¥ Cross Reference

[~ C Compiler Listing: %" kst

[T CPrepracessor Listing: \objss=i

W Linker Listing: .%abis\rthread-stm32. map
v Memom Map v Symbols v Size Irfo
v Callgraph ¥ Cross Reference ¥ Totals Info
¥ Unused Sections Info
V¥ Weneers Info

Ok | Cancel | [efaults | Help |

9.5: MDKT #2Listingi2 & E

« .\.\include;
+ .\.\libcpu\arm\cortex-m3,

Asm, Linker, Debug#lUtilitiesiEIN{EE FA¥]IAECE BN =],

9.3.2 RIMREX{F

 RINSTM32E 4 RS, FiiR lGroup: STM32_StdPeriph, SAEIELAT2MNE RHH
FT B CIR X &R I0Z Group R

1.bsp\your_board\Libraries\CMSIS 2.bsp\your_board\Libraries\STM32F10x_StdPeriph_Driver
\src 3.bsp\your_board\Libraries\CMSIS\CM3\DeviceSupport\ST\STM32F10x\startup\arm
\startup_stm32f10x_hd.s

* JRIORT-Thread 8R4

T HIEARIIRISource Group1t4& BApplications, FiZ&iNKernel, Cortex-M3,
Driversf#yGroup

7ECortex-M345 B A, i A libcpu\arm\cortex-m3 2 fcontext_rvds.SFlcpuport.c3Z 4, A
Klibcpu\arm\common/#backtrace.c, div0.c, showmem.c

Kernel GroupFiRNFT B \src FRICES 4 ;

Applications GroupHiRlstartup.cX 4 ( BFbsp\your_board\applicationsE&XH ) ;
Drivers GroupHiffilboard.c3Zf4 ( i Fbsp\your_board\driversBxH ) ;

o RHNRT-ThreadB2 & L3014

fEbsp\your_board B FHiRNrtconfig.h3X &, ABTIWTF :
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RT-Thread4wf2i5R 9.3% RT-Thread7EARM Cortex M3_ERIF21E

Options for Target *Target 1°

Devicel Targetl Dutputl Listingl User  C/Ca+ |.f-‘n.sm I Linkerl Debugl Utilitiesl

x|

— Preprocessar Symbols

Defing: [5TM32F10%_HD, USE_STDPERIPH_DRIVER]

Undefine: I

— Language / Code Generation

[ Strict ANSI C
DOptimization: ILeveID[-DD] vl [ Enum Container abways int |<unspecified> vl
[ Optinize for Time ™ Flain Char iz Signed
[ Split Load and Store Multiple " Read-Only Position Independent
[~ One ELF Section per Function [ Bead-write Pasition Independent
1”;'%?1'3 I..'\..'\STM32F1 0=_Libraries S Th32F10%_StdPeriph_Driversinc:.\ NS T 3ZF100_Libraries\CMSISCh J
athz
Mizc I
Controls

Compiler  |-c --device DARMSTHM -g -00 -apcs=internwark -

contral {14 ASTM32F10%_LibrarieshS T 32F10x_StdPeriph_Driversing -

ztritg

:

Ok I Canrcel |

Defaults |

Help |

&l 9.6: MDKTIERmiFiRER

/* RT-Threadft &4 */
#ifndef __RTTHREAD CFG_H__
#define _ RTTHREAD CFG H__

/* ARZSIREHRBRAKE */

#define RT_NAME_MAX 8
/* BARXSFKE */
#define RT_ALIGN_SIZE 4

/* BRAFHIRIER « 32 */

#define RT_THREAD_PRIORITY_MAX 32
/* SRORTIREL */

#define RT_TICK_PER_SECOND 100

/* SECTION: Eik3EIm */

/* FTFFRT-ThreadfJASSERTIEIR */
#define RT_DEBUG

/* FTFFRT-Threadf&FEkin e E */
#define RT_USING_OVERFLOW_CHECK

/* ST R */

#define RT_USING_HOOK

/* SECTION: ZkFZEIA{Z1Em */
/* XFHESE */

#define RT_USING_SEMAPHORE

/* XFFERFHL */

#define RT_USING_MUTEX

RT-Thread 3.0.0
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/* IFEAIRE */

#define RT_USING_EVENT

/* XAFHRAE */

#define RT_USING_MAILBOX

/* XFFIREBSY */

#define RT_USING_MESSAGEQUEUE

/* SECTION: (N7FEHR */
/* XIFERENAE */
#define RT_USING_MEMPOOL
/* XIFERFHEEE */
#define RT_USING_HEAP

/* {ER/ N ERE TR */
#define RT_USING_SMALL_MEM

/* SECTION: &ZARHIEm */

/* XFRREIER */

#define RT_USING_DEVICE

/* XFFRONRE */

#define RT_USING_UARTT

/* SECTION: I2%143Em  */
#define RT_USING_CONSOLE

/* ITHIBZEIFX KN */

#define RT_CONSOLEBUF_SIZE 128

#endif

« BEfig

RT-Thread4wT218Ra

7EKeil MDKEZIERBBIREEHR, BFSTMI2BFETAIEHR XU ITEERNAR
#H1T, ST BERPIE— AONGRNHT, BRI ERX DB,

FEERE:

WHFRZSHEMBICPU,LEHERZMBERICPU, IR EENBIEE R, T EE(ER
WERNE, tEalitSTM32F103ZET6Z Cortex-M3 A Z M, BRFA ST A B I ER E BED
R, FARXERHNRBEEHREHA L, ME XN TFE—MAZRIREER LEH 2B,
tEanii R B A O i, — AR AR EHandler2#5 5, RT-Thread2AiAXLHandler&B R EE
(—RERIAE RIXH)ENZP, BEEHEXMHandlerbBRE, FIUNHFEERIBAEET

IECRBIFRIT,

—HRA EBEIRERFZR/NLIREADOMNK

1. R~

NRFARS PIRRERNRRTREARS, PJCAEMELINME, Stack_Size EQU 0x00000200

2. PenSVEE

PendSV_HandlerfEcontext_rvds.SHISLIR, SERk T 23k,

3. HardFault_Handler®&
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9.375 RT-Thread7E£ARM Cortex M3_Lizta

HardFaut R F EEGRZRBHEXER, ARHZALGHIU TfautREN, L85
£, HhEERBEN, Econtext_rvds.SHFHE M X Faultfs B4 B K5, A OB FHard-

Fault_Handler& &,

4. BHERARRT

OSHY##7ECortex-M3F{EA T H—RIFHIG I : SysTick_Handler, FZE7Ebsphidrivers
fboard.cHiArt_tick_increase();

MERE SRS :

; Vector Table Mapped to Address 0 at Reset
RESET, DATA, READONLY

AREA

EXPORT
EXPORT
EXPORT

__Vectors DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD
DCD

 BAlRARE

RV ACRD A T BB LR s WAL AR,

__Vectors
__Vectors_End
__Vectors_Size

__initial_sp
Reset_Handler
NMI_Handler
HardFault_Handler
MemManage_Handler
BusFault_Handler
UsageFault_Handler
0

0

0

0

SVC_Handler
DebugMon_Handler
0

PendSV_Handler
SysTick_Handler

; Top of Stack

; Reset Handler

; NMI Handler

; Hard Fault Handler
; MPU Fault Handler

; Bus Fault Handler

; Usage Fault Handler
; Reserved

; Reserved

; Reserved

; Reserved

; SV(Call Handler

; Debug Monitor Handler
; Reserved

; PendSV Handler

; SysTick Handler

‘FI" MME—NEIRIEITH, BHT

ELREREREBT —MERENIBRUEETHWETNES, ECortex-M3kREMH, HFH

FHENFER, CPU Cores
XANVIAILHRET, thENAYIE XL TFES

B Eh#1TRO - R3LAKR12, psr,
SR EMERIERNUE.

libcpu\arm\cortex-m3\cpuport.cf2FF 5 & :

#include <rtthread.h>
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*

*

*

*

*/
rt_

{
struct stack_frame *stack_frame;
rt_uint8_t *stk;
unsigned long i;
stk = stack_addr + sizeof(rt_uint32_t);
stk = (rt_uint8_t *)RT_ALIGN_DOWN((rt_uint32_t)stk, 8);
stk -= sizeof(struct stack_frame);
stack_frame = (struct stack_frame *)stk;
/* init all register */
for (i = 0; i < sizeof(struct stack_frame) / sizeof(rt_uint32_t); i ++)
{

((rt_uint32_t *)stack_frame)[i] = Oxdeadbeef;

}
stack_frame->exception_stack_frame.r@ = (unsigned long)parameter; /* r0 : argument */
stack_frame->exception_stack_frame.r1 = 0; /*r1 */
stack_frame->exception_stack_frame.r2 = 0; /*r2 */
stack_frame->exception_stack_frame.r3 = 0; /* r3 */
stack_frame->exception_stack_frame.r12 = 0; /* r12 */
stack_frame->exception_stack_frame.lr = (unsigned long)texit; /* 1r */
stack_frame->exception_stack_frame.pc = (unsigned long)tentry; /* entry point, pc */
stack_frame->exception_stack_frame.psr = 0x01000000L; /* PSR */
/* return task's current stack address */
return stk;

I3

/*0}*/

@param stack_addr FRHI¥IIA{LHBHE
@param texit HZEFRZIREBFAOALIERER

@return R [E|HERIFHIEYATSET

uint8_t *rt_hw_stack_init(void *tentry, void *parameter,
rt_uint8_t *stack_addr, void *texit)

R RMBVLIZ AT AN R EARRE -
« FTRXN#ARE

B8 Elibcpu\arm\cortex-m3\context_rvds.S: fERT-Threadd, HKTHiRTLH

FRBERSNL, 2l &iEERTS5BEEDT. W TRCortex-M3 LA XIS, ER
{EFCPSIDIE S RIEIMAY,

176
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IR PSR-

PC. &ﬁ)\ | ,'{—I—'..J
LR RFEEH S

R12.

R3.

TR ARSI LS

R2.

R1.

RO. %%)\-Déféﬁd

R11-

R4.

Bl 9.7: HEREABLE

; rt_base_t rt_hw_interrupt_disable();
;R
rt_hw_interrupt_disable PROC

EXPORT rt_hw_interrupt_disable

MRS rd, PRIMASK ; 1 PRIMASK(E, BPIREWE
CPSID I B S zilealisit

BX LR

ENDP

; void rt_hw_interrupt_enable(rt_base_t level);
; RE T
rt_hw_interrupt_enable PROC

EXPORT rt_hw_interrupt_enable

MSR PRIMASK, r@ ;MR EROZET 1Z 23 {EZIPRIMASK
BX LR
ENDP

fECortex M3fALIE2EH, HRAZHAFER, CPU CorexBafli#1TRO - R3BAKR12,
PSR, PC. LREE#H, FTULACM3RILTE LT XNIRIERT LA FAEH RIS R, iEVEEE
EEISEMERS TIE: EATRIEEM LT XNkET, fit&—PenSVAHRT, MimiEAZIPensSV
REIEFRRF R,

; void rt_hw_context_switch(rt_uint32 from, rt_uint32 to);
; void rt_hw_context_switch_interrupt(rt_uint32 from, rt_uint32 to);
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; ré --> from

;r1 -->to

; fECortex M3#BHEF, XBIANRENNAEZHEM,

; RAEE RV A RET ik PenSVRE AT

rt_hw_context_switch_interrupt

EXPORT rt_hw_context_switch_interrupt

rt_hw_context_switch PROC

EXPORT rt_hw_context_switch

; ES¥rt_thread_switch_interrput_flagh1,
i REBERREFE LTV

LDR r2, =rt_thread_switch_interrput_flag
LDR r3, [r2]

CMP r3, #1 [ BWMELE, RIALREY®RE LA
BEQ _reswitch
MOV r3, #1

STR r3, [r2]

LDR r2, =rt_interrupt_from_thread ; {R7FVIHBL&FEARTEET
STR re, [r2] i (DRI REPFEFTHEMEE)

_reswitch

LDR r2, =rt_interrupt_to_thread ARV E R FRARTEET
STR r1, [r2]

LDR ré, =NVIC_INT_CTRL
LDR r1, =NVIC_PENDSVSET

STR r1, [r0] ; fill & PendSVRE
BX LR
ENDP

; PendSV5# 4hIE

; r@ --> swith from thread stack

; r1 --> swith to thread stack

; psr, pc, lr, r12, r3, r2, r1, r0 EFERCELEEINER
 BIYIH EFE AT

rt_hw_pend_sv  PROC

178

EXPORT rt_hw_pend_sv

POATRIPEARYIR, SERMIPUT
MRS r2, PRIMASK
CPSID I

; #K{5rt_thread_switch_interrupt_flag$#g,
i BAFIkTpendsv 2 BERAMNET
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LDR r@, =rt_thread_switch_interrput_flag
LDR r1, [r0]
(BZ r1, pendsv_exit ; pendsvE &40 R, HiFRE

; TBRS ¥R rt_thread_switch_interrput_flag:0
MOV r1, #0x00
STR r1, [ro]

LDR r@, =rt_interrupt_from_thread
LDR r1, [r@]

(BZ r1, swtich_to_thread ; MRV LFEN0, XEE X ETYH
MRS r1, psp ;PSR FE AT T

STMFD  r1!, {r4 - r11} ¢ NTRISMRA - RNBHERER

LDR re, [ro]

STR r1, [ro] ;BT AR AR TR AT

swtich_to_thread
LDR r1, =rt_interrupt_to_thread
LDR r1, [r1]

LDR r1, [r1] 7 BRI FE N ARFEET RIRT T 1228
LDMFD  r1!, {r4 - r11} ; WRERS - RNFER
MSR psp, r1 ; BRI TR

pendsv_exit
7 RE T
MSR PRIMASK, r2

ORR 1r, 1lr, #0x04 s MRELRPUR [E R Threadf&Est,
BX 1r i MPendSVEE IR [E]
ENDP

; void rt_hw_context_switch_to(rt_uint32 to);
; ré --> to
; UIHREIRER, {(AESE—ARRAA
rt_hw_context_switch_to PROC
EXPORT rt_hw_context_switch_to
rt_hw_context_switch_to PROC
EXPORT rt_hw_context_switch_to
LDR r1, =rt_interrupt_to_thread ; IRBE VIR EEFE
STR re, [r1]

LDR r1, =rt_interrupt_from_thread ; &EVIHEKFER A0
MOV rg, #0x0
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STR re, [r1]
; set interrupt flag to 1
LDR r1, =rt_thread_switch_interrupt_flag
MOV re, #1
STR rg, [r1]

; set the PendSV exception priority

LDR ré, =NVIC_SYSPRI2

LDR r1, =NVIC_PENDSV_PRI

LDR.W r2, [r0,#0x00] ; read

ORR r1,r1,r2 ; modify

STR r1, [ro] ; write-back

LDR r@, =NVIC_INT_CTRL

LDR r1, =NVIC_PENDSVSET

STR r1, [r0] ; fiA& PendSVEE

; restore MSP

I

LDR re, =SCB_VTOR

LDR re, [ro]

LDR re, [ro]

MSR msp, r0

CPSIE I i {FBRERMTA{EPendSVAERS IEE 40 IH
ENDP

IEERNTHILE LT XUNHRETIEFICAA T [EEEN L FXUNHRE K

Thread™™. Thread™.
Thread =z
1 R R/ A y Pendsv FE. BEEE.
RO. RO.
R1u R1u
PSR- PSR.
R4. R4.
Handler £, - > .
R11. R11.

B 9.8: IEBEN L FXtN#RE

YEPRITNIRET ({FRI&MThread from t])#% 2| Thread to ) , &idrt_hw_context_switch()
R L — PPenSVREE, BEFTLR, Cortex M3RIEPSR, PC, LR, RO-R3, R12BEH#

FF Mo FF

EAHBILENKT, RENREIPenSVRELAIE, FPenSVRERE, Cortex M3ITEHEDR
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( MThread#®=% ) th#kZEIHandleri®=, HERZrt_hw_pend_svi#iTAIE, rt_hw_pend_svif
HEFANRELEIE (Thread from ) FtN#RZIZF2 (Thread to ) BIHLIES, WNRtNREHL
EMEEHROBLARTIIZRA BN IE —IREE L TXR, AEEWNIRHLEEM
[EHREN{E, tNRINRHLZRIEIIET, NERRREKRIIRS - RITFESRKRERK; A
BEIINHRE &2 IRERA - R11F 728, =i MPendSVEEIREIRS, PSR, PC, LR, RO -
R3, R12&ZF 725 HCortex M3EHIRE.

& 7 Rl S B AVEIZ IR BT FREAR I £ T SR E Rk

Thread™™. Thread™.
—p

Thread &z,

WE/ G | PERE [
RO- RO-
R1 R1
PSR.

Handler &%,

FlEE#%. R11. R11u

9.9: FRlTARI L T tNiRE

HRTAZIR, HFI&TESWPRTFHIEPC, PSR, RO -R3, R1I2ZFEZHATLIERXT,
TR0 ( AThread#®3\ ) t#kEIHandlert®z{,

FEETREARS GIFZEAE, MNREETEIENR (1AM rt_schedule()) , &FEFIMS
I LERX R ERHandleriE (X#HIFLBLErt_interrupt_nest) , INRIEMIAArt_hw
contextswitch_interruptR##1TfAtIH#e: 7Ert_hw_context_switch_interruptiR £ 4, 151E
LRI IE HIRERIrt_interrupt_from_threadT £ t, EENIRT EHLIEKIBEHREE!
rt_interrupt_to_threadTE £, FHigEPRTPLIELNIREt_thread_switch_interrput_flag
1, ERBE—NTERRSFITRLERAE, Cortex M35 LA IEPendSVRE, EHPendSVRE
ENRERRRELN, FFUAREMAELIIPendSVEE, ERERERESBILIE, Faulthti®
K88 Faut BB HARYAN, ATARANZTEN, SIHfaultbBRBERNAALE
B EALID) R B IEE B RAERN, libcpu\arm\cortex-m3\context_rvds.STEFF/EER :

IMPORT rt_hw_hard_fault_exception
EXPORT HardFault_Handler
HardFault_Handler PROC

; get current context

TST lr, #0x04 ; 1f(IEXC_RETURN[2])

MRSNE  r@, msp ; get fault context from handler.
MRSEQ r@, psp ; get fault context from thread.
STMFD  r0@!, {r4 - r11} ; push rd - r11 register
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STMFD  r@!, {lr} ; push exec_return register
MSRNE  msp, r@ ; update stack pointer to MSP.
MSREQ  psp, r@ ; update stack pointer to PSP.
PUSH {1r}

BL rt_hw_hard_fault_exception

POP {1r}

ORR 1r, 1r, #0x04 7 Mfault=hiR [

BX 1r

ENDP

END

libcpu\arm\cortex-m3\cpuport.ci2[Fa 58 :

#include <rtthread.h>

/* (M3TE AR BT f7 e tatl) */

struct exception_stack_frame

{
rt_uint32_t ro;
rt_uint32_t r1;
rt_uint32_t r2;
rt_uint32_t r3;
rt_uint32_t r12;
rt_uint32_t 1r;
rt_uint32_t pc;
rt_uint32_t psr;

b

void rt_hw_hard_fault_exception(struct exception_info * exception_info)

{
extern long list_thread(void);
struct stack_frame* context = &exception_info->stack_frame;

if (rt_exception_hook != RT_NULL)

{
rt_err_t result;
result = rt_exception_hook(exception_info);
if (result == RT_EOK)
return;
by

rt_kprintf("psr: 0x%08x\n", context->exception_stack_frame.psr);
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rt_kprintf("r00: 0x%08x\n", context->exception_stack_frame.r@);
rt_kprintf("r@1: 0x%08x\n", context->exception_stack_frame.r1);
rt_kprintf("r02: 0x%08x\n", context->exception_stack_frame.r2);
rt_kprintf("r@3: 0x%08x\n", context->exception_stack_frame.r3);
rt_kprintf("r04: 0x%08x\n", context->r4);
rt_kprintf("r@5: 0x%08x\n", context->r5);
rt_kprintf("r06: 0x%08x\n", context->r6);
rt_kprintf("r@7: 0x%08x\n", context->r7);
rt_kprintf("r08: 0x%08x\n", context->r8);
rt_kprintf("r@9: 0x%08x\n", context->r9);
rt_kprintf("r10: 0x%08x\n", context->r10);
rt_kprintf("r11: 0x%08x\n", context->r11);
rt_kprintf("r12: 0x%08x\n", context->exception_stack_frame.r12);
rt_kprintf(" 1r: 0x%08x\n", context->exception_stack_frame.lr);
rt_kprintf(" pc: 0x%08x\n", context->exception_stack_frame.pc);

if(exception_info->exc_return & (1 << 2) )

{
rt_kprintf("hard fault on thread: %s\r\n\r\n", rt_thread_self()->name);

#ifdef RT_USING_FINSH
list_thread();
#endif /* RT_USING_FINSH */
}
else

{
rt_kprintf("hard fault on handler\r\n\r\n");

#ifdef RT_USING_FINSH
hard_fault_track();
#endif /* RT _USING FINSH */

while (1);

9.4 RT-Thread/STM32E &34y 1B

RT-Thread/STM32#% 18 @ & F RealView MDKH L IFR#H THBIELY (GNU GCCHRiFEs
FNIAR ARMZRiFTR2 35 ) , FISTM3248 X AV1KHE KX Z R FRealView MDKH#IES, 40
start_rvds.sZ M RealView MDKBE &R IIEY ZHXIB R ELL MK, FIRT-Thread LA{EHIARM
BEA—H#NE, RARKERMEMNrt_hw RIRHENZ DL, BINFTUABEERMZRIE
(FIENEXSTM32i /, BILARFSTE ARIEIHE ) . RT-Thread/STM32 T2 ELZEET
STM32f10x & %13.1.xRIERE, sSIUNEEFEA. FPEEXMrthwEH (RESPHRED
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PRRSBERD) SBEFHANRS, FAUURIUBTOSEEIZFFENS. RS HERS
PIFERT, HEEFERINTRIRR

void rt_hw_interrupt_xx_handler(void)

{
/* JBHIRT-Threaddt \FFHEZ */
rt_interrupt_enter();
. FRHTANIE */
/* JEHRT-Thread R MR */
rt_interrupt_leave();
}

rt_interrupt_enter()ERE BENOSIH AR T IEE (FHHNMEREIRITASELES
£ ) ; rt_interrupt_leave() SR BENOSEF T RHTALIEEZ,

9.5 RT-Thread7£ARM Cortex M4 Y5218

RT-threadsz#¥scons T &, FJLAB B2 MEIRTIEXH, Hwi¥, TEHIFUBEMKEOH &R
A ERHEE,

sconsBIEMDKT 2R AL E FIKeil LIZRVIRMR A EM, BiTsconsiB—LRERER, X
%, BaBREMAIRFEEMITIER,

WER, BERZCNE-—MRRIIE, MECIEEEMDKIENIE, BER—EEGR
7 template.uvproj, fEREREENR

9.5.1 4 pMDKT F21&EHR

E#ECortex-M3)— L EA L IR, EHEIEMDKIE, CPULEE freescale Semicon-
ductor AR MK6OFNTMOxxx12, iEEI2ERINBENAHE startup_MK6OF12.s BfikENo, EX
FIEXMHRIMA, EXEFMIncludeX LR 2 RIEsconsKIMARY, RNEAMDKAZIRIZRL, Fr
X, BEXEtiizEKIE SER,

£ Qutput EIN-£HR, EIF TFERIE M Select Folder for Objects B %1% 2! bsp\your_board
\build, Name of Executable Jgrtthread-mk60f120m

£ Output SEI=H, BJLAAJIE Browse Information IX#¥R]UASZIFHRREERLE, &E X P
¥,

£ Listing ¥EIN£H, [E#¥ Select Folder for Listings 3%E#F bsp\your_board\build
EER

£ Debug #1 Utilities i&IN -~ AL RFEK60ME A pemicro_0S]tag

Asm, Linker,J&In{E A YA &R,

fibRproject B R FAIBEXH S5 XK, RIEFIBHIX GG IMNHsconsEIE, REFL
1R, FRIA B A template . uvproj

9.5.2 {FEEFH(EAsconstERx 4

B T MDKRYIRIR, ARERMMDK TIEXHFHIBGIMB T, E TN REEsconsHIERMAEHF
RIThL TI2HIERL.
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9.5%5 RT-Thread?EARM Cortex M4 _ERIF21E

LA Options for Target ‘rt-thread_mk&0f120m o
Dewice ITarget I Output I Listingl User I C/CH I h=m I Linker | Debug | Ttilities I
Database: |Genen‘c CPU Data Base j
Vendor: Freescale Semiconductor
Device: MKBOFN1MEocc12
Toolzet: ARM
£ MK5IDNE120ec10 »  |Core features -
£ MKRIDX25Gooc1D - :12;[:? ARM Cortesc-M4 core with FPU jup to 120MHz CPU Clock)
g mggzmmn:gn - Nested vectored intemupt contr. {NVIC)
256000 - Azync. wake-up intermupt cortr. (AWIC)
£ MKEODN5 1210 - Debug & trace capability
£ MKEODX25600c10 - 2pin serial wire debug (SWD)
£ TR SE - IEEE 1149.1 Joint Test Action Group {(JTAG)
£ MGDFN1 M[hxﬂ - |EEE 1145.7 compact JTAG (cJTAG)
D - Trace port interfface unit (TPIU)
£ MKBOFX51200012 - Flash patch and breakpoint (FPE)
£ MKEOFX51 20015 - Data watchpaint and trace (DWT)
£ MKEONS12vMD100 - Instrumentation trace macrocell (ITM)
£ MKEOX256VMD100 System and power management
£ MKETFN1MGooc12 - SW/HW watchdog with extemal monitor pin
£ MKRIFMAMBAne1R 7 X
[ [T 3 1 k
0K I Cancel | Defanlts= | Help |

& 9.10: K60 CPU % REE

Dewvice I Target [Output IListingI User I CfCH I Azm

| Linker | Debug | Utilities |

Select Folder for Objects... | Name of Executable: Ithread-rnkﬁ{f‘l?l]ﬂ

' Create Executable: \build*thread-mic60f120m
¥ Debug Information [™ Create Batch Fil=
™ Create HEX File

v Browse Information

" Create Library: build‘thread-mic60f120m lib

Help |

B 9.11: K60 Output I ERE

23]
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RT-Thread4wf215Ra

kA Options for Target 'rt-thread_mk60f120m’

| Select Folder for Listings... I

Device I Targetl Output Listing |User | C/CH I h=m

Page Width: IT-’B _IQ

| Linker | Debug | Utilities |

Page Length: I'B'B _I::

[V Assembler Listing: .\build'" Ist

It

~| = EerE

= ER
2013-08-16 280

¥ Crossf
Browse for Folder
[~ CCompier | Folder: | build
[~ CPreproces | E%8 -
| rtthread-mk&0f120m.plg

¥ Linker Listing,

¥ Memdl| « [ i

W Callgll £ [

0K |

Cancel |

Defaults |

9.12: K60 Listing i£IEREE

LA Options for Target ‘rt-thread_mk&0f120m"

Device I Target I Output I Listingl User

Settings |

" Use Simulator
[ Limit Speed to Real-Time

| cioet | fam

| Lirker Debug |Utilities |

& |se: IPernic:'o OSJtangultilinkaydoLI Settings |

¥ Load Application at Startup v Run to main()

Intizlization File:

| B |

v Load Application at Startup [v Fun to main()

Inttialization File:

| B

Restore Debug Session Settings Restore Debug Session Settings

v Breakpoints ¥ Toolbox ¥ Breakpoints W Toolbox

[v¥ Watch Windows & Peformance Analyzer v Watch Windows

¥ Memory Display ¥ Memory Display
CPUDLL: Farameter: Driver DLL: Farameter:
|SAF{MCM3.DLL |—I‘u'IF‘U |SAF{MCM3.DLL |—I‘u'IF‘U
Dialog DLL: Parameter: Diglog DLL: Parameter:
IDCM.DLL I-pCI‘u'Id ITCM.DLL |1;[:M4

| 0K || cameer || Defewres |

B 9.13: K60 Debug i£IERER
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9.5%5 RT-Thread?EARM Cortex M4 _ERIF21E

| Dewvice I Target I Output I Listingl User I

CfCH I h=m I Linlcerl Debug Utilities I |

—Corfigure Flash Menu Command
' |Use Target Driverfor Flash Programming

[ Use Debug Driver

| Pemicro OStag/Muttiink /Cyclone _v|  Settings | ' Update Target before Debugging

Init File: I

" |se Btemal Tool for Flash Programming

Command:l

B

.Pd'guments:l

[T FunIndependent

& 9.14: K60 Utilities I EREE

Components, Environment and Bool | |

| Froject Components IFolders/Extensions I Books | |

|Prcg'ed Targets: i 4K AR 4 |Groups

it-thread_mlk60F120m

Set as Cument Targst |

Cancal I

9.1

5: K60 B X RERE
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B F 2 Cortex-M4 W #%, BT LA B] LA B 2 M AEH B A% B bsp AR #8 D1 UA T 3X JLAN X4 K £ /Y
sconsBEAEAE R MDK T F2,EE a0, A bsp\stm32f40x H$E Dl

* rtconfig.py
+ SConscript
*» SConstruct

BRAXGHEREXIMERRUSEIRNE
E#ZEQ rtconfig.py FEXESE, ARBEEEXEMDKEMBIE, FIAZARIgCH
iarghsy, SMDKBEXMESRIT:

« WA FER

# toolchains options
ARCH="arm'
CPU="cortex-m4'
CROSS_TOOL="keil"

IR EKeilfg1ZF

elif CROSS_TOOL == 'keil':
PLATFORM = 'armcc'
EXEC_PATH = 'C:/Keil’

« (B mapX S

LFLAGS = DEVICE + ' --info sizes --info totals --info unused --info veneers
--list rtthread-k60.map --scatter k60_rom.sct'

B, CPUEKEEIRRT-Thread 2 ERAMFCPUL R E M Alibcpud Ay, CROSS_TOOL
MIBE T HwiF TR

9.5.3 ARNIEfhER M

A lrtconfig.hFbspE R, sconsaiRiErtconfig hdEIETE XRMFHAEX .h F .c X
#, BRE]IAS%E RT-Thread7EARM Cortex M3_L@f%4E HHY FRANRT-ThreadBCE k304 25
SHNER, RREANIETUERESZLURMICPU, #HITNEBIIERENE, ki, 5
MK60[E 2 Cortex-MARIZRISTM32F4EbspIN i, AGIRIEECHEZHITER.

FEIREBRTIEMBENX (K60 B o)X startup_MK6OF12.s B] BA7E Keil\ARM
\Startup\Freescale\Kinetis A% %)

EIREXMGERTHEdrivers)X 3k, ATFEFMbsphIEXIER), HBEdriversER T#
#2SConscripthiiA&, {F1SSCONSEE®BnilFdriversFRIXHEIMDKIIEZR, EHFIUES
% stm32f40x/driversFfJSConscript:

Import('RTT_ROOT")
Import('rtconfig")
from building import *

cwd = os.path.join(str(Dir('#")), 'drivers")

Glob('*.c")

src

188 RT-Thread 3.0.0


http://www.rt-thread.org/dokuwiki/doku.php?id=rt-thread%E4%B8%AD%E7%9A%84scons%E4%BD%BF%E7%94%A8%E8%AF%A6%E8%A7%A3

RT-Thread4wi235R=a 9.575 RT-Thread7EARM Cortex M4 Lz tE

src += Glob('*.s")
CPPPATH = [cwd]

group = DefineGroup('Drivers", src, depend = [''], CPPPATH = CPPPATH)

Return('group")

fEdriversB R T, & board.h # board.c X, board.h EEEHbsplyiExE Xl
MEXRIFEEX; M board.c PEERBALKA T, NVICEbspEREHVAK, —RIERER
f# rt_hw_board_init() SERFTERKEAREMHIRIL, F SysTick_Handler () R&tickhtip
ISR(HR % 1HX)

FEIREXMHFRTHEapplicationsX 3k, #I1SConscripthia, €& startup.c, &
HR Rz iZ B main(startupiC /XX EXRIALO), XEBRTUSEHithbsp L BRTM(BE
application.cfJsE1R)

==,
xR

« IRFAEAXRBIETE XFMNIZFE board.h 1, ARZ rtconfig.h B3, rtconfig.h REYZETE X
EOSEERM,FTLARTBRIbsplAXEX N HS rtconfig.h ZHEX,

« BT EF1&H Cortex-M4, Fir LA R #Z 8B 73 BT LA R F T 2 B9 KX 10, 3t F1E fo] — FR Cortex-
M4/M3RICPU, R EEZE L IE R G H B (EE Rsystick¥ 18 4) NVICERLEE &, F
B 5EaEsystick RETAYISRENE], 48 X EB 73 BB R TE T 19 R 53 #r. 7E Cortex-M3 BB HE H 5
Z Yy PendSV_Handler () PenSV() HardFault_Handler() B4 # \libcpu\arm\cortex-
m4\context_rvds.S B PendSV_Handler PROC FiE& (R B startup X4 HE X ISR
F1E)

« 3F systick HlF,RT-Thread B BHE XM PRTALIER E, N FARE#bsp, REZEEbsp
A% SysTick_Handler() i EN=], A8 2B EE HIER, 71 9.4 RT-Thread/STM32
H{thE3 5315 BB R ROAR AR ABA¥:

void SysTick_Handler(void)

{
rt_interrupt_enter();
rt_tick_increase();
rt_interrupt_leave();
}

* XJFSystick TimerFINVICAIEC &, 7] BA{E FFARMAT AECMSIS e R AR E# 1 TRC B, AH K R
ANF BN P ASE Keil\ARM\CMSIS\index.html

. BERERRMCPUR SIS, 7 rt_systen_heap_init(...); At H R
HRAMERSEE,

X, BERAMBERMEZSIT, PJAEGLITHMIT scons --target=mdk4 -S, 15
AIME X,
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9.5.4 Cortex-M4AFRBYNIZAE XD
TEIEUAMDKIRIE £, 5 #RT-Thread 5 Cortex-M448 X B9 E ERI{LHB(context_rvds.S)
context_rvds.SPEZEIET —FJ/L 1 ER5:
o RHTIEH R II(PRIFX)
o EFXXNRART

void rt_hw_context_switch(rt_uint32 from, rt_uint32 to); void rt_hw_context_switch_to(rt_uint32
to);

» Handler£3%!( PendSV_Handler , HardFault_Handler)

5 Cortex-M3 — #%,Cortex-M4 B 7 X R i Bl # 2 E A CPSIDIE LR LIMM), EE XX
Cortex-M32#ER 5

SCortex-M3RE, ETXtNREBHFpendSVERDHIIES Ti& IF {FPU} != "Soft-
VFP" X##RIIEER, XZBEMDKYRIFIEI P {EARNEFPURE =4/,

FTFFTarget Options-Targeti& il &, E R Code Generation®HEFloating Point Hardware
1N, 90 MDKHFPUIR EE FTiR

Code Generation

| Use Cross-Module Optimization
[ Use MicroLIB B
Floating Point Hardware: |N|:|t |zed

| 4

9.16: MDKHIFPUR EE]

BUTF249%EI: Not UsedFlUse FPUEIR

* Not Used RTEC/C+HEIN |, fmiF =% = 4-cpu Cortex-M4,BN{EF Cortex-M44w1%
* Use FPUTEC/C+HETN &, miFF=HI 5 ™= £-cpu Cortex-M4.fp

FPUR Cortex-M4ZRZEMFIERT, ER— N EATERESHNET, XMET
BILREMRFIERE, BEAMRRIBEIFZRGE, FHSIEEE 75410 RE, =ik T Not Used
A, BNA{ERTEHEFPU,RIFATFPURESE T SoftVFP; ML USE FPURY, cpuZ iy T Cortex-
M4.fp, LR, SERIAIRE --fpu=vfpv4-spvfpvd_sp_d16 Ri#t1T4mi%¥, BNfEM THEFFFPU,
LtERY, FPU!= “SoftVFP” , FRIFEaHRAAL.

KT EZ fpudmid (55 R LS MK HS B S 44
ARM Compiler toolchain v5.02 for pVision Using the Compiler

Home > Compiler Coding Practices > Processors and their implicit Floating-Point Units (FPUs)
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PendSV_Handlerdi&Z /X2 47:

IF {FPU} != "SoftVFP"

TST lr, #0x10 7 FIBTEXC_RETURN[4]1RBE(

VSTMFDEQ r1!, {d8 - d15} ; EXC_RETURN[4]E sz Wjpush{d8~d15}, | R/xEH 3%, STMFD=STMDB
ENDIF

HRAZFERE N, HAXSEMHTEGAAKRITA, X FCortex-M3, 2 A\ ik
XPSR, PC. LR, R12, R3~RO, XLEZFFEEIWHbasic frame(ZEARMv7-M Architecture
Reference Manual5564871), YtFCortex-M4, 7EAMkbasic framezZgii, & Afkextended

RS, TFEEA%A8~d15, W BRFPUBBEIIAKIRFE xR

SP Offset
Original SP,
+oye algned — el Original P,
Reserved 0x68 8-byte aligned .
Reserved 0x64 Reserved
FPSCR 0x60 FPSCR
815 0x5C S15
S14 0x58 S14
513 0x54 513
512 0x50 s12
SN 0x4C SN
s10 0x48 s10
59 0x44 S9
38 0x40 S8
57 0x3C s7
86 0x38 S6
gi g:;g :i Extended frame
S$3 0x2C S3
32 0x28 S2
S1 0x24 S1
S0 0x20 S0
xPSR 0x1C xPSR B
ReturnAddress | 0x18 |ReturnAddress
LR (R14) 0x14 LR (R14)
R12 0x10 R12 .
=3 0x0C =T Basic frame
R2 0x08 R2
New SP, R1 e il New 3P,
W W
8-byte aligr,md - 1 Lol 2ol T gbyte aligr’1ed -

9.17: ERFPUIGE M ARKIRFE

HEWNFFPUEE(FEHVIES (5% ARM Cortex-M4 Processor Technical Reference
Manual 5869717.2.3 FPU instruction set)

T AT BE2R T £R72CONTROL . FPCA

IF {FPU} 1= "SoftVFP"

MOV rd, #0x00 ) GerdiEE

ST Lr, #0x710 ; if(1EXC_RETURN[4])
MOVEQ  r4, #0x01 ; CONTROL . FPCA=T{V , rd=1
STMFD  r1!, {rd} ; push CONTROL.FPCA
ENDIF
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BT RFI, A4 SN A iR R

;X JRCONTROL . FPCA

IF {FPU} != "SoftVFP"
LDMFD  r1!, {r3} ; pop flag
ENDIF

HihE 2B 5CCortex-M3JLFE—#, BESZECortex-M3BIERTERR.
Z tkRT-ThreadZEMK60 LBt F8 HE TT Rl
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EF10=E
SConstiE A 4t

SConsB—EHPythoniBEREMARMERA, EMLTFGNU Make, EXRBAARRETFIE
#MakefileXX 975, M{EASConstructFISConscript XA REN, XLt ZPython
A, BERS{ERRARERIPYthoniBiERmE. FTUATESConstruct, SConscript3Z 4] LA
Pythontr/EEE#ITE X E ZMIAIE, MABRTFMakefileiRERIFNI,

TESConsHIM UG £ BT AR ENHEAAISCons AP F i, AETiHRSConskIEARAZE, B
B ON{EIZERT-Thread F#FSCons T A,

10.1 4 E#ET B(software construction tool)

METAR MY, EFTUMRRE—EMAMNHIES, BRABRIEMTMITH Z3HE
2F, IRMEBTESEAEREENINGE, Xfrt, WETENINERLETL, BEX
LMMNE—EMIBE, FARMNXYE, XEXGRTFRIZGWETRNTH, ETRREM
Bz, thelUMEMSEE,

BRIFRRITHMETIRRGNU Make, RBMBFIERE, LinuxAIZFEAMaketd
., Makei@itiZBIMakefileSX RGNS AR LTI X R, F5ERMakefileFRFTHE
EHTHL,

BFRAEERE, MakefileRiBELLBIREL AFFHFEEES], LI, EWindowsFEE
LiERMaketh RA5E, BEERECygwinifE, R T ERMakefIftfEiS, AMFLT Eit
MWETER, tNCMakeFISCons,

10.2 RT-Thread#JiE

RT-Thread R #ifE FAMake/Makefile#2, MO0.3.xF %8, RT-ThreadF&EIPAZEHSIAT
SConstIAS, 3IASConsii—RIER: EAKME LM MakefilelRE, IDEREFREL
K, IE¥ENEPERT-ThreadhBEF % L.

BLRETRABLERT, XENAMWMETASIDER(HARE,

BEIDEEECHERFERBMNAR, —LLIDEFERAXMURARXHE, HEBREHBXR, K
R4 IDESRIE A P BT iR DR RAE 4 B 25 () Makefile B SConscript Bl A X ¢4, #EREZIIA
EKfiMake 5SConsI T BRMEZIRIG, IDEET EIRCLHVRIERTMME,


http://www.scons.org/doc/production/HTML/scons-user/index.html

10.37 ZEI&KSConsifig RT-Thread4wf2$8m=

10.3 ZF#HESConsifis

EFEASCoNsRARFTEAEPCENHLRE, AANERPYthonBESHER, FTUATERF
FASConsZ iR EL X Pythoniz TR, FEEEMRE, HTHEISConsiE A% HPython
3.x, FTLAFEEZLRPython 2.xIME, FILAEREPython 2 XHIERFMTARAFHITLRE,

10.3.1 Linux, BSDIfi&

fELinux, BSDIMEAHPythonfiZREZHKINETRT, —MRthE2.xkRAEZRFIFIPythontk
18, XA RFEELRSConsEIF], FIgNEUbuntuRe]BAMERN TGRS :

sudo apt-get install scons

10.3.2  Windowsifiz

B 2IPythonMif T #Python 2 xRINLRE, HFIHEEFERMPython 2.7.x&F1#IPython
AR,

B E|SCons ML T 2 SConsZ &R B, MRT-ThreadERALZHEKE, SConsH&Mh K
(1.0.0-2.3.x) #BEILATERT-Thread LIEE EF,

EWindows F &3 5Tk Python Fl SConsfg, HEiBsconsim L RINEI R ARIPATHINE
TEF, BRI&PythonZRINLETE

C:\Python27

BRTF, BIIBC: \Python27\ScriptsBRIMAZIPATHIMELZEH, EWindowsHIFKAY
MR, BEERIERGBEHIREFOSHER, NTEFFR:

mEEPHNERIRE

EIRPATHIN, AE=EdRiERE, ABEC\Python27\ScriptsE FiRINEIPATHERGH
g, RMTRE, FTUEWInEE+R, ARFHEAMAEZFEITAWindowssm<1TEH, EHEA
WA

scons

WNREETS IR T EAVEL, HBAPythonFl1SCons& K IEf.,

10.4 SConsEZ{EF

VR(ERSConsfmiZ R Nbsp 2B, BEFLMbspiEERiIFEE. XFEZEERZbspERT
Brtconfig.pyX 4,
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RT-Thread4wf2iErm 10.4%5 SConsEA{EMH

- ™
System Properties - — — u
Computer Name | Hardware | Advanced | System Protection | Femote |
You must be logged on as an Administrator to make most of these changes.
Performance
Wisual effects, processor scheduling, memony usage, and virtual memony
-
|
|
User Profiles |
Desktop settings related to your lagon 1
Startup and Recovery
System startup, system failure, and debugging information
.
|
EEnm'rnﬂmem "u"ariables_] |
|
OK || Cancel || ool
g =

10.1: BMERAZBEHIRE
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' =
Envircnment Variables _EE

IUser variables for pxxiong

Variable Value il
PATH C:YProgram Files (x86)\CodeSourceryls. ..
SSH_AGEMT _PID 6944

SSH_ALTH_SOCK  ftmp/ssh-Bogojod6 16/agent. 4616

m

TEMP %l SERPROFILE:\appDataiLocal \Temp &
| mNew.. ||| Edit.. ||| Delete |
- 4 .
Edit User Variable 1 ot S
Variable name: FATH
Variable value: ABIYhin; %}{DCRDO’I"‘E j
[ Ok 2] | Cancel |
- K | | Cancel

10.2: {EIXPATHIME T &

BH C:\Windows\system3Z\cmd.exe |i£|éj
e

Microsoft Windows [Uersion 6.1.76011
Copyright <c> 2889 Microsoft Corporation. All rights reserved.

C-“Users“pxxiong>scons
: m#% No SConstruct file found.
File "C:*FPython2?*Scriptss..“Libxzite—packages scons-2.2. 0 8Cong ScriptMain.py"

> line 2B5. in _main

C:\sers pxxiong?

10.3: SCons& & 1T
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10.4.1 BECEYmiF2E
rtconfig.py@ —RT-Thread R /&R Jm1¥ SRECE X, EERAT MU T TIE:

. FEEYm

28 (AZFHH SN RIFRFFIEE — MR ERNYRIERE )
« FEEYRIX3

(
B, WRIFIED, PEREINF

H#X Hd

BERRMTHNAZLELZRE TRIEEE, RT-ThreadMEBRALZIFS RIS, BEik
B Ymi¥esEEarm gcc, MDK, IAR, VisualStudio, Visual DSP, F;&RJARM Cortex MO,
M3, M4EE, EA EARM GCC, MDK, IARERZ 5], B—Lbsprl ENZIF—M, 1%
HTTLAE ZiZbsp B & FHrtconfig.pyEE YA JR1F 28,

iXEBAbsp/stm32f10x A, Ertconfig.pydll FEIR

ARCH="arm'
CPU="cortex-m3'
CROSS_TOOL="keil"

if CROSS_TOOL == 'gcc':

PLATFORM = 'gcc’
EXEC_PATH = r'D:\SourceryGCC\bin'
elif CROSS_TOOL == 'keil':
PLATFORM = 'armcc'
EXEC_PATH = r'C:\Keil'
elif CROSS_TOOL == 'iar':
PLATFORM = 'iar'
IAR_PATH = r'E:/Program Files/IAR Systems/Embedded Workbench 6.0'

—R%SRiE, FHNTREZ(E4CROSS_TOOLFI T EIAYEXEC_PATHFEANEIN,
« CROSS_TOOL

FEEmiZeE, FHERIER 'keil', 'gec’,"iar', REMBErtconfig.pyF] A& & Hgilbsp
FR 2 #5094mi% 23,

+ EXEC_PATH

RiFBRHILRIZZ,

MR EEIN BE L LR TMDK, FBAIFCROSS_TOOLIE LR A "keil', FHIEEKEXEC_PATH =
r'C:/Keil' ARHIMDKHI R R IK1Z,

XEERRREIR:

1. RERIFEM (YAMDK, GNU GCC, IARE) , FELRRIHEPNHETIKRIKREZ
R, BN, RELBMEFENSOIMEIR. GEEFMIASZRERC: \Program FilesB
XF, PEFETIE, BiNGTRMEFEMEREZ, FRRFHALIIR,

2. {EIYEXEC_PATHRY, TBEFEIRIZMIEN., EwindowsFEE L, RINNBZHEFTSE
RAERTI\, XM SECES A RPythonFE R AT X F/AM, FrAEceg12et, =]
BB\ R/, SRETERIEMr ( python$sE BB, RRBRHRIIE) .

RT-Thread 3.0.0 197



10.475 SConsEA({EHA RT-Thread4rF2i57

BRINEYRiIZERLRAMEAD:\Dir\Dir2 ¥, FTHEH/IMRERNEE:

EXEC_PATH = r'D:\Dir1\Dir2' &=, F&FEdTHEHr, NEEEER"\"
EXEC_PATH = 'D:/Dir1/Dir2" &3, &B“/", %A
EXEC_PATH = 'D:\\Dir1\\Dir2' jEZ, XBEFH"\"HiE UEkEL \"B.

THEHRNEE:

EXEC_PATH = 'D:\Dir1\Dir2'

miFBREETHZE, FAIFAIUERSCons>KEwmi¥RT-Threadibsp T,

ELHRERITAGLITENO, WiTscons, MaBMRmiIFTIE,

VRIS

EWIN7 £, EHAIERETSHIFT+RATEH, BEMNEER, 26 “EHLEITAGS
BO” FIRRD, s BLEITACMDEO,

10.4.2 SConsEAXGHS
AT NBRT-Thread F E FHRISCons@ L, SCons NN TR EARMIGRIF, E R AER
MDK/IARNST#E,

scons

scons

XN AT EERIZE IR, MRAITEscons/FIBN—LX, BRI Tsconsks, M
SConsEHITIBERIE, XmIFETHIXHFFHEERE,

E:

WNEEWindows EHiiTsconstiiH A THIZESER

scons: warning: No version of Visual Studio compiler found = ¢/ C +
+ compilers most likely not set correctly

i BEsconsH S E(REIM. 28 KB Visual StudioZmi%sE, BLfr EHNFTERIHITER
F%&, FIWindowsAit&+aXkzk, BEEZEETE,

scons -jN

ZEERIEFENR, ESZTEV LRAIMINMREIFER, —MRKWE, —Blcputzibr] AL
20482, Xz 28 LfER-j4807],
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scons -j4

R MRMERARBEERIFHRNES, REFRNMER2H8, IHBRERBTS
EASAIXAEFATRIEMSBHBERRAE L

scons -c

ERRIFER. XN LSRBBRMITsconsy & M A GBS STHFFN B RS2

scons -target=XXX -s

scons --target=mdk4 -s

BJLA7E S AT B REM — MR Jproject.uvprojX, WEHEEFTH, FAEILAERAMDK
K4miz, Bk, RSMBSConsMIEZ BT LAMER XM R,

HEW T rtconfig. hi T A E XA RLAMER, BEEFEAINGSEMEMTNE
LR ILiE,

EE:

ZERiKeil MDKRY TEX M, RIRRFHGE2IHRIBREFE - LEEMXHE, fAfFscons
ARMRBZXOIERGIMAERBIEL, AXHEREEZ, REFSH, BESHE MET
EANTRERHNEMES R, NEERXN TEERXEHIEE. TUXZSHBERT, XME
X HR—m=MITIEXH, ATFiHEEISCons&Riproject.uvproj,

WRITHproject.uvproj’, EMFRproject.uvoptfs, EFEMIIE.

scons --target=iar -s

BaI4ERIARTIE;

scons --target=vs2012 -s
Scons --target=vs2005 -s

fEbsp/simulator &, BJBAERAIX NS &AL vs20128) TF28Kvs200589 T #2,
scons -verbose

FIAMBERT, sconsfmiFMVMIE AR ERMIFSE, WTAR:

F:\Project\git\rt-thread\bsp\stm32f10x>scons
scons: Reading SConscript files ...
scons: done reading SConscript files.

RT-Thread 3.0.0 199



10.575 SConsi#M RT-Thread4wf2$8m=

scons: Building targets ...

scons: building associated VariantDir targets: build
CC build\applications\application.o

CC build\applications\startup.o

CC build\components\drivers\serial\serial.o

{$Fdscons -verbosef3 R

armcc -0 build\src\mempool.o -c --device DARMSTM --apcs=interwork -ID:/Keil/ARM/
RV31/INC -g -00 -DUSE_STDPERIPH_DRIVER -DSTM32F10X_HD -Iapplications -IF:\Projec
t\git\rt-thread\applications -I. -IF:\Project\git\rt-thread -Idrivers -IF:\Proje
ct\git\rt-thread\drivers -ILibraries\STM32F10x_StdPeriph_Driver\inc -IF:\Project
\git\rt-thread\Libraries\STM32F10x_StdPeriph_Driver\inc -ILibraries\STM32_USB-FS
-Device Driver\inc -IF:\Project\git\rt-thread\Libraries\STM32_USB-FS-Device Driv
er\inc -ILibraries\CMSIS\CM3\DeviceSupport\ST\STM32F10x -IF:\Project\git\rt-thre
ad\Libraries\CMSIS\CM3\DeviceSupport\ST\STM32F10x -IF:\Project\git\rt-thread\com
ponents\CMSIS\Include -Iusb -IF:\Project\git\rt-thread\usb -I. -IF:\Project\git\
rt-thread -IF:\Project\git\rt-thread\include -IF:\Project\git\rt-thread\libcpu\a
rm\cortex-m3 -IF:\Project\git\rt-thread\libcpu\arm\common -IF:\Project\git\rt-th
read\components\drivers\include -IF:\Project\git\rt-thread\components\drivers\in
clude -IF:\Project\git\rt-thread\components\finsh -IF:\Project\git\rt-thread\com
ponents\init F:\Project\git\rt-thread\src\mempool.c

SConsf{#FSConscriptFISConstruct X R BRI LN, BERE—IPMERE—1
SConstruct, ER&BZ 1 SConscript, —fR1EA T, BIMFHREREABHNFERTEHIM
E—/NSConscript, XLESConsHIRIA X HH4BRL N T FrRBY S5 L84

ISIaREZINY|

FTERT-Thread BIF I 5 S M4RiZeE, URAEMNAERIESH, RT-ThreadhE
NbspBIMBIET — & Jartconfig.pyRIX ., EtE—RT-Thread bspER FERTFHET
E=1X4, ENRKEZEHIBSPHIRIF,

rtconfig.py
SConstruct
SConscript

REB BRI 4 K T fFESConscriptyX 4, X4 BSPHE R K #ISConscript
X “HREI” AMdGrtconfig A E XBVLEHINAGRiZEERK, —BSPHRREBE—SConstruct
X, BREAEBZSConscriptX 4, BILLIESConscriptX 4 2BLRFEBHNENE,
10.5.1 {E44mi¥ediEIn

fErtconfig.pyPIZHI T R B dmiFiEN, FELAstm32f10x/rtconfig.py Rl ( EB53 )
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elif PLATFORM == 'armcc':
# toolchains
CC = "armcc'
AS = 'armasm'
AR = 'armar'
LINK = "armlink'
TARGET_EXT = 'axf'

DEVICE = ' --device DARMSTM'

CFLAGS = DEVICE + ' --apcs=interwork'

AFLAGS = DEVICE

LFLAGS = DEVICE + ' --info sizes --info totals --info unused --info veneers --list rtthread-
stm32.map --scatter stm32_rom.sct'

CFLAGS += ' -I' + EXEC_PATH + '/ARM/RV31/INC'
LFLAGS += ' --libpath ' + EXEC_PATH + '/ARM/RV31/LIB'

EXEC_PATH += '/arm/binde/'

if BUILD == 'debug':
CFLAGS += ' -g -00'
AFLAGS += ' -g'
else:
CFLAGS += ' -02'

POST_ACTION = 'fromelf --bin $TARGET --output rtthread.bin \nfromelf -z $TARGET'

HAPACFLAGSTERECST I ZRIFIE TN, AFLAGS M 2L R A M JRiIZEIN, LFLAGS 255
FFEI, BUILD TEXHIBMIIIKS], ERIA BUILD TEEVER "debug', EN{EAdebug
HGwmiE, MHEEKFI0, MREXNTEECHEME, HERMLERN2YwE, TE/LM
HEETNEE (RZRERR debug' #ATLAT),

BUILD = "'
BUILD = 'release’
BUILD = 'hello, world'

BIEFT &M EREBEAdebug I 4m1E, AR, FrmizEZzRBERMIL.
ATXEENNEARS XFRZSEREFRIFM, WLEERNarmccRMDKREERIF
25, HEmFEIAIE XIEMDK helpHBiFLHiHEA,

10.5.2 WEXRH

MBEEEREHCDH—LRERRBIMAZTSConsRiFFIBFR, —MRAIUCIBRIEREE
SConscriptX 4, SConscript3 4 eI LAEHIEB AN, FEIMIEEXXEFHIGroup (5
MDK/IARZIDEAEIGroupItEZ LU ) .

SConsigift TR Z NERKEI AR BB MRERINEEIEF, ERENE—LERHR,

GetCurrentDir()

RT-Thread 3.0.0 201



10.575 SConsi#M RT-Thread4wf2$8m=

IRENZiRIEETZ

Glob('*.c")

FIEABR THAMBCXH, ERSBNENEMERMFITULESFIERTHRE
RERMXH,

GetDepend(macro)

fEtools/ B R THIMAXHHREX, EsMrtconfighXHiZBLEKREEER, HEHHN
rtconfig. hnPIE R, S1RrtconfighTHATEANE, MiXANAEE (RH) REE, BNRE
B,

Split(str)

K7 ERstroy BlpL — Mist

DefineGroup(name, src, depend, **parameters)

X ZRT-Thread & FSCons¥ BEI—1NF37% (A% ) . DefineGroup BB FE X —1MA
., AEFTUR—MER (THXHHRFERX), tREE —LIDETEXGFFH—1
Groupsik X4 3%£,

* nameRE XX/ NgroupfIEF

* sStcATENIZXANGroupRE BN, —MRIBHRC/CH+IREXH, HERR, thEen
it Glob & £ R BB EC 19 75 T 9 i SConscript KRR 7E B R AR ITAS R ST,

« depend AFE XiXNGroupdmiEBt FTRERADIEIN ( FIgNfinsh4B4Ak%HTFRT_USING_FINSH
BEX) . HwiFEII—fgFErtconfig hARE XHIRT_USING xxxZ., =HfErtconfig.hEcE
XHEFREXTHEBEER, BLAXNGroupA 2WINAZHIFHBERHITHRIZ, MRMK
VR TR Etconfig hAAHE X, BBLIXNGroupEARSMEINALRIE, HENUN, &
{EFsconsE Ry AMIDETIZX AT, NSRRI ERWE X, HNIGrouptE REAET
XML,

« parametersMeJLAMI A —AFFE, BEEFUIMNANSHEE:

CCFLAGS - CEX 4 4miZFS 4,

CPPPATH - Sk {4 3&1%;

CPPDEFINES - /RINFE X F 5

LINKFLAGS - §§#ZRT 248,

LIBRARY - BELtSH, NIGAMERM B R EITE M EX 4

a] DlDefineGroupfITIBE+ 5338 K, SEFMERRAZEERELEMBSH,
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SConscript(dirs, variant_dir, duplicate)

SConsNEXE, HSHBEE=/:

« dirs¥gBASConscriptsX %1%,
« variant_dirf§ 4 Y B AR XX RIF IR ER 12,
* duiplicateRI{EFARIRE S S ¥ sk s R Al variant_dir

MAXLRE, BRES—LEEMPythoniERFAFLEERE O FTAR[E) 10 B 7R N & i
BRIREIS T, F—TEAIENBILNEEESConscriptRBINXHRES]), HAEFE—R=ME
E,\JO

10.5.3 SConscriptz=fl1

bsp/stm32f10x/application/SConcript

Import('RTT_ROOT")
Import('rtconfig")
from building import *

Glob('*.c")
cwd = GetCurrentDir()
include_path = [cwd]

src

group = DefineGroup('Applications', src, depend = [""], CPPPATH = include_path)

Return('group")

FEX AT T INEE:

src = Glob('*.c")REIHAIBRTHBRCXM, cwd = GetCurrentDir ()4% H FiIE&IZ
M{ELcwd, FRwdR—FFd; include_path = [cwdFHFIAXHFRZERTFR—
listE, smE—1TEADefineGrouptliE—/NH, 2L MApplications, depend A=, &TR
AR KE T A rtconfig hBI{ERIZ, CPPPATH = include_pathRRIGLBIB RFMB RS
Bk X ER 12,

B INEEFREEHAIERTHAERERINAZIHApplications, HEFXNME R
RNEIR AL HEREEZER, AL, MREXNBRTIBME BRI, FaTUIE X
A T2 E A LIEF MR,

EiEA Tt ERINREEX

10.5.4 SConscript7=fil2

component/finsh/SConscript

Import('rtconfig")
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from building import *

cwd GetCurrentDir()
src Glob('*.c")
CPPPATH = [cwd]
if rtconfig.CROSS_TOOL == 'keil':
LINKFLAGS = " --keep __fsym_* --keep __vsym_* '
else:

LINKFLAGS = "'

group = DefineGroup('finsh', src, depend = ['RT_USING_FINSH'], CPPPATH = CPPPATH,
LINKFLAGS = LINKFLAGS)

Return('group")

NE71THIE, SRENBLEXH,

if rtconfig.CROSS_TOOL == 'keil':

LINKFLAGS = ' --keep __fsym_* --keep __vsym_* '
else:

LINKFLAGS = "'

X ZPythonBIZ 4 FIKTIER), MNRGmIFTERkeil, MEZELINKFLAGS = --keep __fsym_*
--keep __vsym_*, BMEZ,

DefinGroup[E#4%finsh B & FHIFF B X4 EI172 Hfinsh4E,

depend = ['RT_USING_FINSH']F&mXM B #irtconfig. hnFRAIRT_USING_FINSH, B,
rtconfig.nE$TFFZRRT_USING_FINSHEY, finsh¢ARBIRE A S#SEFrgmiE, BN SConsAe
wi%,

CPPPATH = CPPPATH, ZiZ1fJCPPPATHRZDefineGroupRESH, HiAHCPPPATHR
AXHFEITEXR, BERREfinshBERMARRALXHB TP, XHEHFATUEE
RS | AfinshB R FHISKXH T, tlfinsh.h,

LINKFLAGS = LINKFLAGSHYE X 5CPPPATH = CPPPATHZ{N, ZoiiMILINKFLAGSTR RIS
S, HIBRILINKFLAGS ZFImEIf elselBRFTIZERIE,

10.5.5 SConscript7=fil3

bsp/stm32f10x/SConscript

import os
Import("RTT_ROOT")

cwd = str(Dir('#"))
objs = []
list = os.listdir(cwd)
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for d in list:
path = os.path.join(cwd, d)
if os.path.isfile(os.path.join(path, 'SConscript')):
objs = objs + SConscript(os.path.join(d, 'SConscript'))

Return('objs")

cwd = str(Dir('#') SKENTIEMINAKB R, b TiZRSConstruct FRIEMBE R, #&
XBEENNRES cwd = GetCurrentDir(O)MEE, FEREEX T —1NEMlistBl T Eobjs, %6
f7list = os.listdir(cwd)BEIHRIERTHRMBEFER, HREFIZElstP, fEEIE—
Mpythontifor{gih, EEXEZBRH—MEHRIERWFER, FIHos.path.join(cwd,d)HHEA
—NRERERZ, ARFEXNFERREEE— MR RSConscripthIX 4, BHFE, MMIT

objs = objs + SConscript(os.path.join(d, 'SConscript'))

FEX—AFER T SConsiZ A — M EFK FSConscript, ERUIEAN—HHY
SConscript3 4, FHigSConscript>3 4 FrERRRNRBINIAGRiZTIRPEK,

10.5.6  SConscriptfil4

stm32f10x/drivers/SConscript

Import('RTT_ROOT")
Import('rtconfig")
from building import *

cwd = GetCurrentDir()

# add the general drvers.
src = Split('"'

board.c

stm32f10x_it.c

led.c

usart.c

)

# add Ethernet drvers.
if GetDepend('RT_USING_LWIP'):
src += ['dm9000a.c"']

# add Ethernet drvers.

if GetDepend('RT_USING_DFS"):
src += ['sdcard.c']
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# add Ethernet drvers.
if GetDepend('RT_USING_RTC'"):
src += ['rtc.c']

# add Ethernet drvers.
if GetDepend('RT_USING_RTGUI"):
src += ['touch.c']
if rtconfig.RT_USING_LCD_TYPE == 'ILI932X":
src += ['ili_lcd_general.c']
elif rtconfig.RT_USING_LCD_TYPE == 'SSD1289":
src += ['ssd1289.c"]

CPPPATH = [cwd]
group = DefineGroup('Drivers', src, depend = [''], CPPPATH = CPPPATH)

Return('group")

BBITERASPlitTT ARG — NG F TR D EIRRL —Mist, HRRENT

src = ['board.c', 'stm32f10x_it.c', 'led.c', 'usart.c']

1517258 331TE T GetDepend i Ertconfig h I ENEZ R BITH, WRIT
F, M{EMsrc += [src_name]KARINIRRS., &/afEADefineGrouptliE,

10.5.7 NHOEE

EREITRIFNRIN—DEINIE, FEEEIETRNITRWSEN AFIENGR, FIEGCC
THH, EiR5IMRlbabcaX#RIERM, HIEEENRIEEabc, MARlbabe, FrAE
HHEEINENREZEASConscriptX iR, HIb, EREMINER, WRIFHEEMRN
MERRIRE, UTR—PRA:

# RT-Thread building script for component

Import('rtconfig")
from building import *

GetCurrentDir()
Split('"'

cwd

src

)

LIBPATH = [cwd + '/libs']
LIBS = ['abc']

group = DefineGroup('ABC', src, depend = [''], LIBS = LIBS, LIBPATH=LIBPATH)
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RT-Thread4wi235R=a 10.67 fEIEAYSContruct

MRTEHBEGCC, MEMNBMMNZElbabc.a; MNETE#EEarmcec, MENBIRN
Zszabclib, EMERERZREHABARTMN libs’ BXR.
10.5.8 Ep0—~NSCons&s

10.5.9 RT-Thread buildingfiiZ

FERT-Thread toolsB & FZ M ABRT-Thread B C & X 89— 48 B building (9B A, 5130
AT BhERMRT-Thread ¥t 3 —ELIDEEM A L MMEN TIEXH., HERREZERRZDbuilding.py
R,

10.6 {EIEAYSContruct

BN ¥t — hello worldiE B2/, RIRERRXGR:

#include <stdio.h>

int main(int argc, char** argv)

{
printf("Hello, world!\n");

RFZAEINXEE R FRII—MOTABRSConstruct X {4 :

Program('hello.c")

REEXPTERTRITHS:

% scons

scons: Reading SConscript files ...
scons: done reading SConscript files.
scons: Building targets ...

cc -0 hello.o -c hello.c

cc -o hello hello.o

scons: done building targets.

BoaEHEBRTEhelloBI N EER, FrCA#EEEFMakefile, —MEE R hello.cZl
hellof93ti, REEZ—a)iE, WRhelloRBABHNXERIFMAA, thREEIESConstructX
HE Ry :

Program(['hello.c', 'filel.c'])

(5B th T CAFE TE 4 1% B9 B A5 XA R Fi -
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10.7% SConstruct5SConscript RT-Thread4wf215R8

Program('program', ['hello.c', 'filel.c'])

BRIEHR e A, BN SE B R T BIAE CUFHEME RIR XX R Ywi%:

Program('program', Glob('*.c'))

GlobE M RATEAHRIE R FHIFMBCF. FRT Glob&IIASN, thBSplitRE.
SplittRR SRR A B & B IF AT %M A K B AR m] EHl14 -

src = Split('"'
hello.c
filel.c
Y

Program('program', src)

ERMRS Program('program’, ['hello.c', 'filel.c']) @— iy, (EEBEAEM
OCIRED

10.7 SConstruct5SConscript

WFER KREMARL, EATNNE—NERTHLNXERFILARER, ReIER
RV X ER—RRBAST,

£ SConsH, BJLAZRE SConscripthil A X K 4w iFiX LLAR I IR B R PRI, FERT
B] A fEEFISCons B ExportFlImport & X 7ESConstruct 5SConscript X4 Z B ZHIE (1B
FZEPythonHI—MIREUE ) .
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EF11E

=

finsh shell

1.1 &N

finsh@RT-Thread®as & 175 5% (shell) , RH—EHAFLEGSITRRERDO, £E
AT ERSREBRARER, finshZFHAMEI:

1. CIBSERE(RN, RITXHEMHZAc-style;
2. BRGSITER, RIS XHFRImsh(module shell),

CIEESRANBREENT, finshEEBBITMITAENCESHNRIEAR, HEREMUGES
HEBIAAARBRIRAATFHNERRLBELE, WA EHEBBIRSITHREETE,

EmshiEX T, finshiz1TA R M Fdos/bashZHELishell,

EAENRE—TEEMANBNMEEfinsh, 1£E 7] URIEECHWEIFEEE insh,

11.2 LTEHRED

AFRBEHROBAGLT, finsh BEMNREWANIZE, BITAARSE, RSB
AEAERER (NERERRR ) , SRR R, MITERREH S EMN,

Thread

finsh shell
list thread/ ()
list_timer()
console
hello() S device |

J rt kprintf(.)

rt device read

rt device write

11.1: finshHIEUR RS



11.3% t4=2shell? RT-Thread4wf235R

11.3  ft4=shell?

EHENABRNWERR, BRR&HMN <, RERIR, EESERE, AEHMRATWME
S5HENRER ? KRBT ENERITANERZOTENBATS, ®REERF. BRITE
HAMER, B/R3E. BEMATEVNIMITELE, BLHRMNRMERATAZHERR@,
THTENERNALR T MG, ERZAFPBANGS, BRZE, TRARERSR, HE
BERGHITHNERROLAF, INMEFRE—BEINTERERIERZNING, FIAERT
Jashell,

User

11.2: RGLEHE

EERAERAHMZAE], shelIMHSITEFGEARTENNREROKTEZ
A, FHRBREMUNXRZLRZAK, BET SMshellfR4, WMbsh, bash, csh, ksh,
zsh, XtEshellNEEERIEERKR, ANATUEAFBATS, EIEEZIEshellRiZIES,
BIUATERL & ZXHUIRIE, X LEshell B IERT LATE*nix R4t E{EMA, BIfEFRwindows4tiaPC,
WF—MRARIG, shellfAFERHEX, EFRELRHIEERA. Ewindowst, cmd
BILAIN A FR R —Fhshell, EBSEwindowsHfE £tk A % FE H B 5a Kipowershell,

11.4  H)iRfinsh

EREBBHABRADNREF, —RAREAESEREAEIXIZMprintfBHITED, EHELEE
AN, BRMAXNHRZIBAFA, LW FRT-ThreadiXNBL&ER %, HINEMEREA
RZARZPHLEIBEITRES, FIEGRARS. WRE—shell, MEJBAGS, HiE
MITHENMRBERSEENER, HEEHNEFNTH, TR THHE.

11.4.1 finsh(C-Style)

ERARGE, CEERREANALRIES, MRshel ZERFMNHSEGESHINE, B
ZRZEEZHEBIR,

MAXIRFZBEERARXRwE, —MEBERFALRRSPCHLIEREERET, BEEAX
BiE, &0, USB. BAAM, wifiF, —/NRiGEHIshelltBfize]UESMiEREAN ETE

finshIERETIXLEEBMIELER, finsha] LARE R[0finf], finshiziTFH LR, B
BAEA B O/ ARM/USBESPCH#ITES, Hiz{TRAYfinsh TIE[RIEE Fi7R.

TEIZfinshBYEFREITIZITRE, F&LMRIZITRT-Thread, FERET finsh4BH, @it
B O 5PCHERE, PCLEiz{TSecure CRT,

BTEZE, AEHKAlist_thread)BSITENRALRIMBELIE, RERKRS, XFX4 G
SHIFEBRRIESELAERE T,
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RT-Thread4wf2i5R 11.475 FJiRfinsh

11.3: finsh L{ERIB

serial-comd - SecureCRT

File Edit View Options Transfer Script Tools Window Help
1 . = - p
I 4 3 [ 20 ¥ Enter host <Alt+R= EAlEES FEmS Y @

ll[v serial-comd xl

- RT - Thread operating System

Fo 1.2.0 build oct 20 2013

2006 - 2013 Copyright by rt-thread team
finshe=>
finsh>>
--function:
led

set led[0 - 1] on[1] or off[0].
Tist memory usage information
say hello world
version show RT-Thread version information
list_thread list thread

iST_ list semaphone in system
list_event list event in system
list_mutex list mutex in system
Tist_mailbox Tist mail box in system
list_msgqueue 1ist message gueue in system
1ist_mempoo]l 1ist memory pool in system
Tist_timer Tist timer in system
list_device 1list device in system
Tlist Tist all symbol in system
--variable:
dum dummy variable for finsh
fins
finsh>>
finshe>
finsh=>he
--function:
hello -- say hello world
finsh==hello()
Hello RT-Thread!

0, 0x00000000

finsh=>f1

Ready Serial: COM4, 115200 33, 8 33 Rows, 80 Cols  VT100

B 11.4: finshiz{TRE
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11.57 finshiFE RT-Thread4s321cRs

WARNING: IR, finsh@ —PCIEEXA&RIShell, SLinux/UnixBAK&Windows FHY
cmd FIRAEARE, Efinsh shellPERATGHS (BICIBESPRIERE ) , DIEUCES PRIERE
BWAARN, wIETOFS, &afinsha T H DIERHENREE, WF—EAREFE
IREMERIEREL (voidiR[EME ) , XMTENHHEBEE X,

11.4.2 finsh(msh)

ChR £, —FHEfinsh{XZ35C-Stylet X, ERFEERT-Thread IR A R, LHXZF
app moduleZfg (BEEAXENARR—ETHEXAST ), C-StyletEXM{Tapp module
BHEERRAKNSE, MESHMshelWEFHEL, S, C-StylelEXTF, finshh AERR
K, HFiXLEE[E, 7ERT-Thread 1.2.080 Hfinshi&il T mshi&x,

mshi#EX T, finsh5f&4%shell (dos/bash ) #ITAX—, EGSHITERIAWT

command [arg1] [arg2] [...]

HAcommandBZ =] BART-Thread R ERJEF <, tHEJCARZRiFHiRIapp module ( E{AF
dosEfexerf[HITXMH ) . finsh(msh)AERI &GS XAERAbashBIXIE, AEGSRBELE
EEEHIERNA.

11.4.3 finshARR#RHE

finshxHTABR BN £, HRBEWATAFHFIR FTABRE STENSRIFT B
5, BRISHNMEGSHNEE, EELWABI FHNETTABRE, KHaEHKLicH
W%, FEMIE, FAUBEEA, Z2RME, WREmshiRZE, WA—IMFHE, T™MX
NEBRRZAASHERGSAHNBNNE, EERBEXHFRANIRER THOXERHITH
£

ETRAINEMRITMANALEGS, ZRBOIBINAR, RIEEBER.

BRIfinshAREAIRIR LLEHSS, AZFHCTRL+CEHEERIRPIITHS, thARZIFDELETE
bR,

11.5 finsh434E

11.5.1 finsh(c-style)y$u3E LAY
finshzIHEAMCIESHIELD, B5E:

BUERE R
void FRIEBEN, ABATEIREHERE

char, unsigned char (/S ) FHAULE
int, unsigned int (HHS) BRIELEE
short, unsigned short (HHS) ERAUTE
long, unsigned long (HHS) KEAULS
char, short, long, void BHETE
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RT-Thread4wf2i5R 11.67 finsh(c-style)PigIam</TSE

Efinshi&G 1T L, WA LREIBLEBWCRIAR T URIRG, FRLAURESH
BEEBuninSstructFEE R, L4, finshth R"zH5if, for, while, goto, switch&4y
<. BERIEA,

N

11.6  finsh(c-style)iZ N </LE

finshL HMMITRMfinsh Mt S (BBHTE) , FTEHSINBEAIHII,
11.6.1 ZAR

FEEErtconfig.hFTE X ZFINSH_USING_SYMTAB,

#include <finsh.h>
FINSH_FUNCTION_EXPORT(name, desc)

254 iR
name EREIRT, —RRARER;
desc X NR AR SHHEIRES,

desc—RR I —ERFFER, FEIARFIUBEES, Mathessls,

FINSH_VAR_EXPORT(name, type, desc)

28 R
name TER;
type LR,
desc TEHER;
typeBIBIELA R ZEEL:

enum finsh_type{
finsh_type_unknown = 0,
finsh_type_void,
finsh_type_voidp,
finsh_type_char,
finsh_type_uchar,
finsh_type_charp,
finsh_type_short,
finsh_type_ushort,
finsh_type_shortp,
finsh_type_int,
finsh_type_uint,
finsh_type_intp,

/**<
/**<
/**<
/**<
/**<
/**<
/**<
/**<
/**<
/**<
/**<

/**<

unknown data type */
void */

void pointer */
char */

unsigned char */
char pointer */
short */

unsigned short */
short pointer */
int */

unsigned int */
int pointer */

RT-Thread 3.0.0
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11.6%5 finsh(c-style) P& HN&H</TE RT-Thread4w72Em

LESMFINSHIR IR T B9 —1E, EfEHLH

finsh_type_long, /**< long */
finsh_type_ulong, /**< unsigned long */
finsh_type_longp, /**< long pointer */

BHmSH, AIUEEGRSHNET.

B

#include <finsh.h>
FINSH _FUNCTION _EXPORT_ALIAS(name, alias, desc)

S8 R

name REFEET, —MRPRBA;
alias BB finshPFHEH < E;
desc ESp5¢ipu

HERHBRFIEKE, ATUANALAXMNESH - EENRFUTIEEA.

« #BA: FINSHRREBFKEE—ERE, EHfinsh.hthiyZEE X FINSH_NAME_MAX

=El, KIAR16FT, BREfinshBE KEARBIH16FT, XBEENEENME
B, Y—MNEBKEBITFINSH_ NAME_MAXEF, {EFFINSH_FUNCTION_EXPORTS
HIXNMRPRFSRPE, EfinshFESRPEITENRNE, BERTEEBMANT
SHBNull nodefEiR, FRANBARAERT RENRNE, BREXER LfinshPAD
RETHAIFTIEITS, TSMNRAAKSERLEERIKETS, XMNFATLAER
FINSH_FUNCTION_EXPORT_ALIASKI & Hi G SHITEDZ,

— /B Y4 H R AN B E R finsh 95 7 :

#include <finsh.h>

int var;

int hello_rtt(int a)

{

}

rt_kprintf("hello, world! I am %d\n", a);
return a;

FINSH_FUNCTION_EXPORT(hello_rtt, say hello to rtt)
FINSH_FUNCTION_EXPORT_ALIAS(hello_rtt, hr, say hello to rtt)

FINSH_VAR_EXPORT(var, finsh_type_int, just a var for test)

HwiFRi1T, PIAERfinshFBINTAA GRS, —1NT&8var,

11.6.2 EHHIN

#include <finsh.h>
void finsh_syscall_append(const char* name, syscall_func func)

214
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RT-Thread4wi235R=a 11.77 mshepiEiNa<

S8 R

name B EfinshAise] i 2FE, BHSA;

func Rl —RR PRI,
XN R EET A — AN R ER B finshHR, B2 8] AEfinshas S 1THER,

#include <finsh.h>
void finsh_sysvar_append(const char* name, u_char type, void* addr)

28 A

name LEEfinshAifRIERE, s a;
type TEREE,

addr LEiht;

XAMERBATFHE - REEfinshA,

11.7 msh¥iEi&H<S

HEAmMshiEX Y, finshAZFHCRIAN, FLERERM (RY) &<, FAREE
c-stylet® U FAISEIRE R, mshiRNRMEGFSNZIF TEREME HNANGES,

#include <finsh.h>
MSH_CMD_EXPORT(command, desc);
FINSH_FUNCTION_EXPORT_ALIAS(name, alias, desc);

11.7.1 ARIREGS
TER—MEmshEHis<$rAN:
#include <finsh.h>
int mycmd(void)
{
printf("hello!\n");

return 0;

}
MSH_CMD_EXPORT(mycmd, my command test);
ELERRBEEFHR, EXTEHSHGLEH mymd , XPMERHREEGSTHRHE—

hello!
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11.7% mshEiEing< RT-Thread4wf2$8m=

SBAVEEmMshREEBRAX e <R, FURTCAERMSH_CMD_EXPORTHYZE SR E XN ER)
BESHE mshA, A EMRBMAZRSHR, FHTHEIE, SRRETEREAGLT
&, BATIAEGLITFEA:

msh /> mycmd
hello!

KIFAX mycmdis L, FATTUEER, INGLANMAinshBIARNAR—1F, £EH
FEATEMAOES (EUCRBHRIFA—CREIE) , MEEEBZEMTRITIA
CES

EHEY, EmshTHAAERSE, FIaNTaREINES:

#include <finsh.h>

int mycmdarg(int argc, char** argv)

{
printf("argv[0]: %s\n", argv[0]);
if (argc > 1)
printf("argv[1]: %s\n", argv[1]);
return 0;
}

MSH_CMD_EXPORT(mycmdarg, my command with args);

HBAEG LT FBITE N SN, HHRUAENSHIETH, 2&M:
msh /> mycmdarg
argv[0]: mycmdarg
msh /> mycmdarg 0
argv[0]: mycmdarg
argv[1]: 0
msh /> mycmdarg str 1 2 3

argv[0]: mycmdarg
argv[1]: str

B,

. arge - REBZEHBEZS LN GLITER (WEEHSITER)
« argy - RIRMZ &L 1TEEHAE, BBRUNFHEAFME;

M ERBIFRIBEY, — I mshSHERHELEMF— I mainKl:
int main(int argc, char** argv);
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RT-Thread4wi235R=a 11.8%5 RT-Thread NEHS

RYFIMshZIT RS R B ER KA NEHTH, AUEGLITSREENEEF Imain
RHTE—H, SNGIITSREITTENREN, MATUBRSENEEYE, HNIEEN
SRRMHBENNBRER LR,

ERESHGLHIEN,

MSH_CMD_EXPORT(cmd, cmd description);

S HEImshT, KR E, ERfinshARBSHABAIUSHMMshH&GS, FEN
Z7REAW G SERXMEFRE, mshGLRF LSS __ind_BIFIER, FIEALAFEIfinsh
SHEE X EEHFM AT UEMsh P S HI NG :

FINSH_FUNCTION_EXPORT_ALIAS(cmd_ls, __cmd_ls, List information about the FILEs.);

XEEMRIEcmd_IsERBEGRM_cmdIsSHEshelld, HRITEANGLHR, ESE
BRI #E, Reesipimshas &R, KPR L, f¥ERfinsh shelfE BRSO, X__FFKH
RHBHRER, WM —EBHERNGIMET (FIRELEMshIRRGFS ) .

ERT-Thread EAIARE T —Lfinshas <, #EfinshARiZ FTABRRICAITENN S S RIR A
SERBNS, waltAmAlistO)EE, ZE&WNREE.

11.8.1 finsh(c-style)

IR HEfinsh(c-style)PEAGRS (B CESPHRE ) , WIEM CIEESHHRLKIAE
BARX, BWAEER “()" FS. finsh shell i IR BKANREE, WFBLRFER
EHERIERLR, XMTENALREREX. BERHIITERYIE X NBNIIZE,

finsh>>1list()

ERIENRARPEFENGSRER, MITERUT:

--Function List:

list_mem -- list memory usage information
hello -- say hello world

version -- show RT-Thread version information
list_thread -- list thread

list_sem -- list semaphone in system
list_event -- list event in system
list_mutex -- list mutex in system
list_mailbox -- list mail box in system
list_magqueue -- list messgae queue in system
list_mempool -- list memory pool in system
list_timer -- list timer in system
list_device -- list device in system

list -- list all symbol in system
--Variable List:

dummy -- dummy variable for finsh

RT-Thread 3.0.0 217



11.8% RT-Thread AEB&H S RT-Thread4rF2i57

0, 0x00000000
finsh>>1list_thread()
thread pri status sp stack size max used left tick error

tidle Ox1f ready 0x00000058 0x00000100 ©0x00000058 0x0000000b 000
shell 0x14 ready 0x00000080 0x00000800 ©0x000001b0 0x00000006 000

BRIHMAZPEAIRINGE:

7

FER iR

thread % FERRF;

pri & RS,
status £ FEHFIRIAES:
sp & EHAIMMRALE,;

stack size £ FEEIER KN
max used % EHEPERANERKRAUE,;

left tick & ERRVEITHAEE
error %4 EMHERS,;

finsh>>list_sem()

semaphore v  suspend thread

BERAZPESERS:

FER R
semaphore ESENAM;
v ESEHFINGE;

suspend thread  FHXMSSENLKIZHE;

finsh>>1list_event()
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BRAZPEHIRE:

FER R
event B4R,
set EHZHFIRE;

suspend thread

FHENBHNLIENE:

finsh>>list_mutex()

suspend thread

fslock  (NULL) 0000 0
lock (NULL) @000 0

ERRAZPERENRS:

FER R
mutxe ERENRM;
owner SR E ERENLTE,;
hold BEEEXNERE LHREFEIRE;

suspend thread

FHXNERFRENLIZNE;

finsh>>list_mb()

mailbox entry size suspend thread

BRAZPERIRE:

FER AR
mailbox {SFERBTR;
entry SHETESNEEFNE;
size SHEEEBERNNREREHHE;

suspend thread

FXMEHELNEIRHE;
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11.8% RT-Thread AEB&H S RT-Thread4rF2i57

finsh>>list_mq()

msgqueue entry suspend thread

BREZTHBAIIIRE:

FE ik

msgqueue HEBAGIRIBHE;
entry HRBAIISRIESHEREA;
suspend thread  FFFX/NEZPAT LRIAIZEE;

finsh>>1ist_memp()

mempool block total free suspend thread

BRAFPAFTMIRE:

FER R
mempool NFBERHR;
block ATF R AR,
total NEFREHE;
free TRANTFREE;

suspend thread  IERR&EIZHE;

finsh>>list_timer()

timer periodic timeout flag

tidle 0x00000000 0x00000000 deactivated
tshell 0x00000000 0x00000000 deactivated
current tick:0x0000d7e

BRAZPEN IS

7

FER iR
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11.8%5 RT-Thread WEHS

TERSBRHI R ;
ER R EEEEAMER;
TE R 2R BRI Y T 4K

TERSRAVIRAS, activatedTRiERNHY,
o
EETEY N 0RrE =

timer
periodic
timeout

flag

current tick

deactivatedRRANEEN

finsh>> list_device()

Character Device
Character Device
Character Device

uart3
uart2
uart1

BRAFZPIREIRS:

FER iR

device

IREHRAF;

type RERIEE,;

typetfith T SIBLRL

char * const device_type_str[]{
"Character Device",
"Block Device",
"Network Interface",
"MTD Device",
"CAN Device",
"RTC",
"Sound Device",
"Graphic Device",
"I2C Bus",
"USB Slave Device",
"USB Host Bus",
"SPI Bus",
"SPI Device",
"SDIO Bus",
"PM Pseudo Device",
“Unknown",

};
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11.8%5 RT-Thread NE#®S

RT-ThreaddBI & MBHFSEfinshigitt — &<,
FRANBS I ERGE—E,

AN AN
%4\EF’ ~

<>

mkfs
df
1s
rm
cat

copy
mkdir

11.8.2 finsh(msh) A

make a file system

get disk free

list directory contents

remove files or directories

print file

copy source file to destination file
create a directory

NN
AR <

mshiR\F, RERSKIESbashZll, & FtabBfErIUIIH SIS BEHSL,

RT-Thread shell commands:

list_timer
list_device
version
list_thread
list_sem
list_event
list_mutex
list_mailbox
list_msgqueue
1s

cp

mv

cat

rm

cd

pwd

mkdir

ps

time

free

exit

help

RITANEZ4shelliEE, BULENFMETR, Chcat HPIBIRNA, WWRITHDFS, F

list timer in system

list device in system

show RT-Thread version information
list thread

list semaphore in system

list event in system

list mutex in system

list mail box in system

list message queue in system

List information about the FILEs.
Copy SOURCE to DEST.

Rename SOURCE to DEST.

Concatenate FILE(s)

Remove (unlink) the FILE(s).

Change the shell working directory.
Print the name of the current working directory.
Create the DIRECTORY.

List threads in the system.

Execute command with time.

Show the memory usage in the system.
return to RT-Thread shell mode.
RT-Thread shell help.

IERER T XARE, Wa]ARITIsSEBIIHMNSE/E K.

finsh>1s
Directory /:

a.txt

<DIR>
1119

HATE X TFERMaxtBIX M, WeIMITN e iTEa txtBIRE,
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RT-Thread4wi235R=a 11.9% BiE

finsh>> cat a.txt

11.9 &

finsh5T2RAANSI CHRE, BE&RFHBIEN, AFSAL, IR EANEED
RN BRSNS EfinshiRINFE, finshiE RSB BATE. finshiRBATF
components/finsh BRF, BiEfinshEZEBEUT/LANAE:

« finsh shellZ72:

BRHGLHITEZE insh shel & 2R E T XXMM, HE XRT_USING_FINSHE
BY, FARJCATE¥IIAILL&FZ R 1A finsh_system_init()#]%a1tfinsh shell2k#2, RT-Thread 1.2.0
Z GRS PR BARER finsh_set_device(const char* device_name) B EERNIEEE
FrigE, MESBGNIEA rt_console_get_device() B ZEfEAconsolei’®& ( RT-Thread
11 xRK AT ARZARMHI{ER finsh_set_device(const char* device_name) ¥§7Efinsh shell
ERARIRE ), finsh shell&XFEERREL finsh_system_init() BRI EIE, S —EFF

rx_semES&,
+ finshB94gid

finshfy 4 BRI F R L 00% H, ERT-Thread Rk Eirt_kprintfisiH, 7E SR
rt_hw_board_init() 9, rt_console_set_device(const char* name) F#Xi% & T finshiy
FTENa iR %,

« finshEV%IA :

finsh shell % f27E3% 15 T rx_sem{ES 25, A rt_device_read() RN &E(ERA
BORB)PHRE—INEFABIE, FLAfinshiFBIEEE rt_device_read() FREHIE
M, mrx_sem{ESEMERETIFA rx_indicate() R AT I finsh shell & FZHV4A
B, BEMTER, YBEOBKPMAER (NBEOBHEAN) , BIPRSGEIRR
rx_indicate() EREUEHAfinsh shelli&f2BHA 1 M/afinsh shel ZLF2FKENE QM A RS HAE
A SRR,

11.10 ZiEIn
finshE—LRE XTI UEREE,
#define RT_USING_FINSH
ZETE X #Ertconfig.h/, FTFTERT-Thread®$TFfinsh, FIGEAE Fshell,

#tdefine FINSH_USING_SYMTAB
#define FINSH_USING_DESCRIPTION

b7 7E X #Ertconfig.hmi, FTFFFINSH_USING_SYMTABEJLAZEfinshH{EAF SR, $TFFFINSH_USING_DESCRIPTION
FELBMinshIFSRIN—ERFHREL, XFNE—REBFZITH,

#define FINSH_USING_HISTORY
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AT XErtconfig.h/, FTFAFIUE inshRERAER ( LT ) E#AEES.
#define FINSH_USING_MSH

ZETE X Ertconfig.hd, 3THEfinshiE 2 ESishell 1R,

#define FINSH_USING_MSH_ONLY

b2 E X #Ertconfig.h/R, 3 THfEfinsh{X ZFmshiRz(,

TNER+TF TFINSH_USING_MSHm ;& B +TAFINSH_USING_MSH_ONLY, finsh[alfy sz +5mfic-
styletE SmshiRzl, BEEKIAF Ac-stylet®I{, $1T msh()BENET LR EImshi®ER,, Emsh
WL THIT exit/FEMREIZc-styletRzE,

#tdefine DFS_USING_WORKDIR

b= TE X fErtconfig.hd, ©EXFR ERDFSEAHMNE, ERTFESIinshE—EXA,
WEXEBWMNEB T, ITALEEfinshe]SZFTEBR. SEMAmshit, ZiGTHLEE,

#define FINSH_USING_AUTH

bR E X #Ertconfigh /1, ITHANM A SMRIGUEINGE, RAKERINE, RBENREIE
( BRMXIFZMIIL ) @, FafABfinshIfgE, BARZMANZT2M,

#define FINSH DEFAULT_PASSWORD "rtthread"

R TE X rtconfigh®, 1REfinshfEZ B IERN FTHMIAEZR, ZBREXKTSE
FFINSH_PASSWORD_MIN ( #XiA6 ) , /NFETFFINSH_PASSWORD_MAX ( BKIART_NAME_MAX) ,
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12.1 &N

RT-Thread I RARA T =ZENEM, WNE XERREME FR:

REEM RS

POSIX X iFE 1
ELM FatFs ML 1E R4 RomFS/devfs 25 | YAFFS2 {1t & %i<GPLv2>
FAT12/16/32 Hibx - £#5 UFFS2 Iﬁ%éﬁ<epm>

RT-Thread Device 1O
FTL F
SD Card SPI Flash

NandFlash

12.1: XHERGLEME

EMENE—E@ARARRSA, FIMHNACINEMXERSZ (#O)., BIE,
RT-thread 1R ER A RERIEEE FERARMNXEHRAEN, FIAN AB EFEFERIFAT X4
A%, FERBRANZEPENNfash XHRFE (YAFFS2, JFFS2 %),

BTRYEN—EEEMXERANII, GINZIHFATXHRARIDFS-ELM, X
FiNandFlash B9YAFFS2, RiEX 4 ZRZROMFS &, (RT-Thread 1.0.0lRAH 3 TELM
FatFs, ROMFSM&W&)‘(#%%NFS V331, YAFFS2&flash X &GN B & 7E TRT-
Thread 1.1.0 fRAH )

RIEEMNRSEFMIRE, FIaNSD £3¥5h, IDE EEIREE, RT-Thread 1.1.0 At
Y8 1ENandFlash E#E—ZE3ERE(FTL), UAEENandFlash BEA2z#5Flash SR 4.,

RT-Thread MR 4N L ERHEMZEOFTZUPOSIX fRERO ANE, XIHFHEEBRIE
EFRAIMEPC ERE. AR, ARBEBEZIRT-Thread BIERS L,

122 XHFRF. XHEEXHX

XHURER—ESXM THIENGFME HRAL. HRIAFKFRENMRBIERE
(Abstract data type), R—MATREAFREEREZELENNNGE, XERREEFHENE
RBMEXM, NBFEERB— MM XANANHTAR, AXHIERSE, BERXHE
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Z, 1"Znk. ERNE-E, MXERFEH—IPENS NGB EMFE,
£ RT-Thread #, XHRFBFMER LZELUNIX X, XEHRFXE, FlnanE Bx
LM I E REM:

f1.bin X1 data A%

2011 H%

f1.bin 3/
12.2: BR%EW

ERT-Thread BERGH, XHRABL—MWIRER, FR /' XERR. MERER
THIf1.bin SXEMEER /f1.bin" RKER, 2011 BERTFTHM.binBRNER /data/2011/
fl.bin’ RER, MERNHBFSE / , X5UNIX/Linux T2HEREM, SWindows M
AHEE (Windows BRIERZ LER" RIEAERNDEFT) .

EINERT, RT-Thread RIERG N TREBRIWRNESH, ZEXDFS_USING_WORKDIR
HASWEN., HEAREXN, BLAEEAXYE. BR BOMTIRENMIZERLNER
1T (EARERAERAFESILFENER) . IREESEAS TFERULENE
%, FJBATErtconfig.hsk32HHRTE X DFS_USING_WORKDIR %,

123 X#F&a4%EO
123.1 TAXH

T BRI — XX e] A A F Ef#Jopen Rz :

int open(const char *pathname, int oflag, int mode);

S8
« pathname - FTH S BIENXHER;
. oflag - EEITAXHFMAR, HalZHWITAARE:

S8 N
O_RDONLY RigHAITAHE
O_WRONLY REANITAXHE
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O_RDWR PNiEB AT A HE
O_CREAT MNREBITANXEARFE, WEINZNXH.
O_APPEND HigEXHRENXEEFIBBE, i AN

I = AR INEY 75 VAR DN 2 S AR BB,

* mode - SPOSIX fREEAGERTNSH (BEIEBEENX, EAEIE),
* IR[EE:

IR INEH R @ITA X AR FS, BNREIRLE. TMSE @MU T X3,
BERENAEITA—1XH,

#include <rtthread.h>
#include <dfs_posix.h> /* MTFTEE(FEFFHEIENR, FTEAEXKH */

/* ABRSHRIERFE— N &R TR/
void file_thread()

{

}

int fd, size;
char s[] = "RT-Thread Programmer!\n", buffer[80];

/* §TFF/text.txt EEN, MRAXHFNFIENEZSH*/
fd = open("/text.txt", O_WRONLY | O_CREAT);

if (fd >= 0)

{
write(fd, s, sizeof(s));
close(fd);

}

/* FTFF/text . txt HERIEREUEN{E*/
fd = open("/text.txt", O_RDONLY);

if (fd >= 0)

{
size=read(fd, buffer, sizeof(buffer));
close(fd);

}

rt_kprintf("%s", buffer);

12.3.2 XHAXH

HEATEXHEENBRERERN I EMAcdose(RIZO XA EX M4, Mcose()&

EEEME, FARBZXEHMSANRIR XAXAHNRZZEONT:

int close(int fd);

RT-Thread 3.0.0
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- S8
fd - open()EREXFTIR BIFY X (4 HE1A F,
< REME: X

12.3.3 1ZBNEURE
REVGE T A TEMNERIEO:

ssize_t read(int fd, void *buf, size_t count);

- S8
fd - 3XEHEIRE; buf - RFEIEH; count - FZERFRIFE T K,
« RO1E:

SEPRZENEIMF T, read() R O RIESHfd FriERIXX A RIcount M F T {EiXEbuf
B FTENRATR, REMERNFIMEINENFHE, BERMEARREO0E, —2I1ZEKE
BEANHERE, ZR/IFNZIBVEE (FIENiREcountn0) , b4, XHMIEEUESR
REiIZERZIMF B,

12.3.4 BARUE
BSAREEER T EMRRIED:

size_t write(int fd, const void *buf, size_t count);

« S

fd - XEEHERIE; buf - RFIEST; count - B AXEFET .

« RMOME: ERBEANFETEH,

write() B $E O S Ebuf IBHFTIBEMNAREF count NETBE ARSI FrigM X4
A, REEAZEMRBEAXGHNETH, RO{EHN R RIEALSE, HRBEALSRLE
Berrnod, Ith4h, XEHHIEBMNESSANFETEE,

AIUESE @MU TeEE K13, BB — BN XHIEERIE:
/‘k
* REDVES  HREEHIF
* XAMIFIERT MRS — AN, FER R B R R N X AN AT IR,
*/

#include <rtthread.h>
#include <dfs_posix.h> /* YFTEZE(FRCHRIEN, TEEEZXAKIME */

#idefine TEST_FN "/test.dat"
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/* MR SRR R */
static char test _data[120], buffer[120];

/* XHERBMN */
void readwrite(const char* filename)

{

int fd;
int index, length;

/* RE & §IF2 T3 */
fd = open(TEST_FN, O_WRONLY | O_CREAT | O_TRUNC, 0);
if (fd < 0)
{
rt_kprintf("open file for write failed\n");
return;

/* ERBNBUE */
for (index = 0; index < sizeof(test_data); index ++)

{

test _data[index] = index + 27;

/* BENBE */
length = write(fd, test_data, sizeof(test_data));
if (length != sizeof(test_data))

{
rt_kprintf("write data failed\n");
close(fd);
return;

}

/* R >/
close(fd);

/* REFIERERMITH */
fd = open(TEST_FN, O_WRONLY | O_CREAT | O_APPEND, 0);
if (fd < 0)
{
rt_kprintf("open file for append write failed\n");
return;

length = write(fd, test_data, sizeof(test_data));

RT-Thread 3.0.0
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if (length != sizeof(test_data))

{
rt_kprintf("append write data failed\n");
close(fd);
return;

}

/* KX */

close(fd);

/* R THHTHEERE */

fd = open(TEST_FN, O_RDONLY, 0);

if (fd < 0)

{
rt_kprintf("check: open file for read failed\n");
return;

/* EERBHE (ROXAE—IRE AREUR) */
length = read(fd, buffer, sizeof(buffer));
if (length != sizeof(buffer))

{
rt_kprintf("check: read file failed\n");
close(fd);
return;

}

/* WEHBIEESBIEM */
for (index = 0; index < sizeof(test_data); index ++)

{
if (test_data[index] != buffer[index])
{
rt_kprintf("check: check data failed at %d\n", index);
close(fd);
return;
}
}

/* ZEEIRE (M2 IR EAREIRE) */
length = read(fd, buffer, sizeof(buffer));
if (length != sizeof(buffer))

{
rt_kprintf("check: read file failed\n");
close(fd);
return;

}
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/* WEBIEEEIEM */
for (index = 0; index < sizeof(test_data); index ++)

{
if (test_data[index] != buffer[index])
{
rt_kprintf("check: check data failed at %d\n", index);
close(fd);
return;
}
}

/* KERIETTEE, KX */
close(fd);

/* FTENLER */
rt_kprintf("read/write done.\n");

#ifdef RT_USING_FINSH

#include <finsh.h>

/* i R E|finsh shell dy&47h */
FINSH_FUNCTION_EXPORT(readwrite, perform file read and write test);
#endif

12.3.5 BENEM
BRI BT ER TEMERRED

int rename(const char *oldpath, const char *newpath);

« S#: oldpath - EERHIER; newpath - BRI H B,
« SREME: T

rename() 21§ & oldpath FIIE EM X B S newpath FTIEMIX &R, &
newpath FTIEEMNXHELZFE, NEXHFRHEWES. FIMSE @MU TEE K5, Ul
TR R,

#include <dfs_posix.h>

void file_thread(void* parameter)

{
rt_kprintf("%s => %s ", "/textl.txt", "/text2.txt");

if(rename("/text1.txt", "/text2.txt") <0 )
rt_kprintf("[error!]\n");
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else
rt_kprintf("[ok!]\n");

XANROIRIEIESIY /textl.axt’ AL /text2.txt’ .

123.6 BUSRE
KA 4IRS AT (A T Efstat B0 :

int stat(const char *file_name, struct stat *buf);

stat() R #X A SR S #file_name FRIEEBIX IR, SEHIE| buf BTGP
(struct stat),

« B8 file_name - X#HR; buf- EIEH, FBEFKESUEFIRSHILEM,
RE{E: T FIAZE @@L TEE XI5 T BB IN{fAI{EAstat BB,

void file_thread(void* parameter)

{

struct stat buf;

stat("/text.txt", &buf);

rt_kprintf("text.txt file size = %d\n", buf.st_size);
}

124 BxREREEO

1241 BIEBR
B2 ReI A TENE&ED:

int mkdir(const char *path, mode_t mode);

mkdirOERZAREIE—MNB R, S8path hEFRBR, S8mode EHBIIREAREBH,
i A\0x777 BN=],

« B#: path- BRE; mode - BIEE,
< REME: BIERINREO, BIELMIRE-1,

AUSE @MU Te@ X8 T fEINfEI{EAmkKdir R :

void file_thread(void* parameter)

{

int ret;
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/* BB R/
ret = mkdir("/web", 0x777);
if(ret < 0)
{
/* QIEEREB*/

rt_kprintf("mkdir error!\n");

}
else
{
/* BB KA/
rt_kprintf("mkdir ok!\n");
}

1242 fIFER
HABRAER TEN&RED:

DIR* opendir(const char* name);

opendir(BBFAFRITH—IMNE R, S8 name hERERZERB, BIEZWBERMIN, RMOZ
BR&EH, BB RKLMN, iRERT_NULL,

o 88 name- B RIBIRE,

< EEME: STFFSCHERLY), EEIEEE RIDIR £Ai058st, BMEERT_NULL,
AUSE @MU Tee K75 T BIFAERopendir)EH:

#include <dfs_posix.h>

void dir_operation(void* parameter)
{

int result;

DIR *dirp;

/* FTFF/web BHFE*/
dirp = opendir("/web");
if(dirp == RT_NULL)
{
rt_kprintf("open directory error!\n");
}
else
{
/* FE3X JLSHTIRER B SRAE KRR/
/¥ . */
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/* RABZx */
closedir(dirp);

12.4.3 1ZEXER
iZI B ReIER TERRED:

struct dirent* readdir(DIR *d);

readdir(ERZARIZENE R, S8d AERKRER. ROMERIZIVBERINLEN, WX
IREMEART_NULL, MRRELZIZZNBERE; Its, S1ZB—RBx, BRANBHUER
BiiEREE1 MIE,
- B
d- BRERZE.
« IR[EE:
IEENAR IR [E3E 6 B FRentry B4EMIEE, BMRERT_NULL,

AUEE @MU T KI5 T #EI{AERreaddir &K

void dir_operation(void* parameter)
{

int result;

DIR *dirp;

struct dirent *d;

/* ¥TFF/web EF*/
dirp = opendir("/web");
if(dirp == RT_NULL)
{
rt_kprintf("open directory error!\n");

}

else

{
/* EERE R/
while ((d = readdir(dirp)) != RT_NULL)
{

rt_kprintf("found %s\n", d->d_name);

/* XIFBx */
closedir(dirp);
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1244 ESBEFRENZENIE
RENB FRAIZEI B P fE A FEREEO:

off_t telldir(DIR *d);

1245 ®RENXZHERMMUE
RETXIZENE RN ER]ER T EMRSED:

void seekdir(DIR *d, off_t offset);

- B
d- BRi&1ZR; offset- wig(E, EBEFXBRALE,
« RENE:

T aJASE @@L T @@HS T #E NI {EAseekdir ERZ:

void dir_operation(void* parameter)
{

DIR * dirp;

int save3 = 0;

int cur;

int 1 = 0;

struct dirent *dp;

/* FTHHRBE R */
dirp = opendir ("/");
for (dp = readdir (dirp); dp !'= RT_NULL; dp = readdir (dirp))
{
/* REBE = HERMAEFKTEE/
if (i++ == 3)
save3 = telldir (dirp);

rt_kprintf ("%s\n", dp->d_name);

/* [ERINIARIFERSE =B R B KFast™/
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seekdir (dirp, save3);

/* KWELFTE RIS R AETRESHNEBE =BT, */
cur = telldir (dirp);
if (cur !'= save3)

{
rt_kprintf ("seekdir (d, %ld); telldir (d) == %ld\n", save3, cur);

/* WE=ABFIMIFIRTTEN*/
for (dp = readdir(dirp); dp != NULL; dp = readdir (dirp))
rt_kprintf ("%s\n", dp->d_name);

/* RABF*/
closedir (dirp);

1246 BEiRZEBEFZHMENFRMUE
BiRiZEER AL ERER T EMERSEO:

void rewinddir(DIR *d);

- S
d- BRERZE;

« RE1E:
x

1247 XABX
RXABFRAERA TEARSEO:

int closedir(DIR* d);

closedirRBRARXHA—NBE TR, ZEBWTiFopendir() R EAL 3T HIR,
- S8
d- BRE1ZE;

« IR[EE:
FXHMINREO, BMIRE-1;
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12.4.8 MFREF
kR B R FELE&ED

int rmdir(const char *pathname);

kR B XL I0REI0, FMIRE-1,

1249 BIVEXHERS

int mkfs(const char * fs_name, const char * device)

« S
fs_name - XRG4 RA; device - iIRER;
s RE1E:

BIVERINRE0, FMiRE-1,

RT-Thread P BRISZHNIX AR RS NEERE—T,

125 [&EEREO

12.57 KERED

RT-Thread DFS X4 &5 T RIE M EMARIZRT-Thread AVIREIOR L, HPEER
FERBIEEFERE. ERBEXGRAHTKETRT-Thread BNIRERSE, FI901.0.x573 75|
ARRIEXHR G, NEXHERFES, WTEEBIFAT XGRS, TERNDABRIZE

BIRZ USRS,

12.5.1 XHRFEWRKE

EERXHRGEORN, FENXXERAXITIRL, KBUNTF:

#ifdef RT_USING_DFS

/* BEDFS B */
#include <dfs_fs.h>
#include <dfs_elm.h>
#endif

/* WiateFs */
void rt_init_thread_entry(void *parameter)

{
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/* XHERGEEN */

#ifdef RT_USING_DFS

{

/* WMEWREERG */

dfs_init();

#ifdef RT_USING_DFS ELMFAT

/* MRAERALZELM BIFAT XHERSE, FEN S TEN */
elm_init();

/* JEAdfs_mount BRERNTIREEITIRE */
if (dfs_mount("sde", "/", "elm", 0, 0) == 0)
rt_kprintf("File System initialized!\n");
else
rt_kprintf("File System init failed!\n");
#endif

}
#endif

HEBREEMNREREON:

int dfs_mount(const char* device_name, const char* path, const char* filesystemtype,
rt_uint32_t rwflag, const void* data);

dfs_mount K FELAdevice_name A BAFRYIZ &I EFpath BR1ZH, filesystem-
type ¥EE Ti& & LHINXHRLANIEE (91 EERBATIANelm, rom, nfs EXHRL) .
dataSBNELEXHRAREE XN, Wnfs, Jtelm LXRRENZEEX.

- S

device_name - &% B; path - E#&E&1R; filesystemtype - XHRFAHIEE; rwflag
- X R GRS data - X RFRIEIE,

« IR[EE:
EEHAMINEREI0, BNERE-1, BAEMBIREESEerrno,
12.6 FatFs
FatFs@ T N/NEISARIREF L — PN REMIRfati I GRS, RAANSICHRE, X
BMFIEET/ORURIRHISENEIR, FALILESRTFMEGT XA R TBEHE,

FatFsE /ML http://elm-chan.org/fsw/ff/0@index_e.html

RT-Threadi§FatFs¥#& A — 1 RT-Thread4B, HETFDFSEZ T, ELLAILA EEHE
HITERT-Thread A {EEF3FatFs,
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12.6.1 FatFs 8% %

FERT-Thread{FHEIm FatFs, FEE7Ertconfig.h$THILLZE,

/* DFS: ELM FATFS options */
#define RT_USING_DFS_ELMFAT

FATX R GRE K/

/* Maximum sector size to be handled. */
#define RT_DFS_ELM_MAX_SECTOR_SIZE 512

EANERATFIREFAUFSHRBBE KRN, B, INEFEXTSFTRREGENEIE
XK/, B30, HEspiflashis A BX 74096775, N EAZRFEER 4096, TMFatFsh
WENZABIEN SR EEBRRMERARH T (FIRAERARITRHEAHESER) .

/* Number of volumes (logical drives) to be used. */
#define RT_DFS_ELM_DRIVES 2

FatFse# 20X, BMIAZH—IMPK, MRBEES MRS LEHFatFs, "JBMERE

/* Reentrancy (thread safe) of the FatFs module. */
#define RT_DFS_ELM_REENTRANT

EIm FatFsAEBE T ZLIELTLIRELENER, SESLIETIRSFafFsiY, BT #
REATRNOE, FEHALRZE, MRRZARRE—INEEBRIEXGRE, F2EUEAN
[E]R, BT BAXKF LR 2 AT & R R,

#define RT_DFS_ELM_USE_LFN 3
#define RT_DFS_ELM_MAX_LFN 255
#define RT_DFS_ELM_CODE_PAGE 437

AIAMBRT, FatFsfEA83AINMX AR, IMANEBN RS

« XFB (AERA) RKTABUSNFN, BRFRKANBIINFN, XHEBNRRE
W FR G 15 2 E T,
* XFBAZFHRNE (BERAKRE)

MRJFEHRMAR, WEBHTHALRZE, EE, Elm FatFsXXH =M AKX
=1
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- 1 RABSENXZHRKXHR, SEERREXGBREETREA R,
« 2 RAZAIGNE X ZHRXGE, WIEZEFERR K,
* 3 {ERheap (mallocHiE ) BHXEFHRKXHFE. RELE.

fERT-Thread®, MRMFEFEARKXGR, BINERRKXHREN3, BREBUTHS
NEX

#define RT_DFS_ELM_USE_LFN 3

HITAKXH BN, FatFsWESE R UnicodeRIEXH B, MEEUnicodeF
ERK, RRFHRAXIRE LFER, FatFsaf U MEEXHF BRI, Ertconfig.higE
ZRT_DFS_ELM_CODE_PAGER9{E =] ABC & FatFsBI4miE, MNREFEFMFPXXMHR, FJLAER
9364mh5 ( GBKES ) , W FATR

#define RT_DFS_ELM_CODE_PAGE 936

YT HK S4B %RT_DFS_ELM_USE_LFNEY, RT-Thread/FatFsERiA{EFH9364%F8, 9364
BEE—NALY180KBMFE, MRMNERARFFEAHE, MeTURER 1437 (EE
HiF) , EXHEFMPILATIEIX 180KBRIFlash= a],

FatFsFT SZ359 3 4 4w 40 F FT 7.

/* The _CODE_PAGE specifies the OEM code page to be used on the target system.
Incorrect setting of the code page can cause a file open failure.

/

/

/932 - Japanese Shift-JIS (DBCS, OEM, Windows)
/936 - Simplified Chinese GBK (DBCS, OEM, Windows)
/ 949 - Korean (DBCS, OEM, Windows)

/ 950 - Traditional Chinese Big5 (DBCS, OEM, Windows)
/1250 - Central Europe (Windows)

/1251 - Cyrillic (Windows)

/ 1252 - Latin 1 (Windows)

/1253 - Greek (Windows)

/1254 - Turkish (Windows)

/1255 - Hebrew (Windows)

/ 1256 - Arabic (Windows)

/1257 - Baltic (Windows)

/1258 - Vietnam (OEM, Windows)

/ 437 - U.S. (OEM)

/ 720 - Arabic (OEM)

/ 731 - Greek (OEM)

/ 775 - Baltic (OEM)

/ 850 - Multilingual Latin 1 (OEM)

/ 858 - Multilingual Latin 1 + Euro (OEM)

/ 852 - Latin 2 (OEM)

/ 855 - Cyrillic (OEM)

/ 866 - Russian (OEM)

/ 857 - Turkish (OEM)

/ 862 - Hebrew (OEM)

/ 874 - Thai (OEM, Windows)
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NFSZNetwork File System ( MEXH RS ) BB, NFSARIF—MRAEMLE LS
AHZBE RN M, BEIENFS, AFPFRERT MRG0 A4 —H#iEETikR % LY
. NFSEJILEIEFIARIER, ERARXRFREA+THT Z.

NFSEZHEBHEMN: —BRSBIN—EAHSEZFI. ERVIZRIHRIEFRERS S
FHITEIR,

PC_LIiBITNFS serverf2/F, iB{TRT-Threadf9ER AN R A MINFS Client, =JLAYEPC LAY
B RiBid AR M EIELFIRT-Thread 1,

12.7.1  RT-Thread#{EFRNFS

NFSIEBIT AR SEIR #0042 &5, EUERERT-Thread R{EANFS, FE—LEARSEMG:
© FFRIREH TR AKM S H5
« AKMIEENMRET, ] AFERT-ThreadHIEFAIZITLWID

SESXMNFME, FHAEICAERT-Thread EERANFST,

EHEE

Windows BT LA FreeNFSIE i — NMEI B HUNFS Server, T #iFreeNFS,
WEEE1T. BITUE, BEFSERSZIEER, GEHiEREsetting, sIENMNER
(w;mF)

C:\Users\Administrator\Documents\FreeNFS

WIFAHZRR, EEUMREFZRERULER,

F&RIRECE

FEErtconfig hFRFFDFSLAKZLWIP, FIRIBEF L REIMBIMZIEIMEECE, HRR
PCHLEF &R =T BAIE & pingi&,

#define RT_USING_LWIP

#define RT_LWIP_IPADDRO 192
#define RT_LWIP_IPADDR1 168
#define RT_LWIP_IPADDR2 1

#define RT_LWIP_IPADDR3 30

/* gateway address of target*/
#define RT_LWIP_GWADDRO 192
#define RT_LWIP_GWADDR1 168
#define RT_LWIP_GWADDR2 1
#define RT_LWIP_GWADDR3 1

/* mask address of target*/
#define RT_LWIP_MSKADDR@ 255
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12.7%5 NFS RT-Thread4wf2$8m=

#define RT_LWIP_MSKADDR1 255
#define RT_LWIP_MSKADDR2 255
#define RT_LWIP_MSKADDR3 @
#define RT_USING_DFS_NFS

NFSEFDFS{AH, HLLREHFEZITHDFSE, UKDFS_NFSE, HEZERT_NFS_HOST_EXPORTZ,

#define RT_USING_DFS
#define RT_USING_DFS_NFS
#define RT_NFS_HOST_EXPORT "192.168.1.2:/"

RT_NFS_HOST_EXPORTZ:FAF3EENFS Serverfipttiiit UA Rz H = B R IR 12,
WMNRiEHEEAMbspHFMrtconfighd;8E EidZE, WEEESHRMN L,
NFSHEXMBINKIE, TR (BAstmfIOXERSEESR ),

/* LwIP Initialization */
#ifdef RT_USING LWIP
{

extern void lwip_sys_init(void);

/* register ethernetif device */
eth_system_device_init();

#ifdef STM32F10X_CL
rt_hw_stm32_eth_init();

#else
/* STM32F103 */
#if STM32_ETH_IF ==
rt_hw_enc28j60_init();
#elif STM32_ETH_IF == 1
rt_hw_dm9000_init();
#endif
#endif
/* re-init device driver */
rt_device_init_all();
/* init lwip system */
lwip_sys_init();
rt_kprintf("TCP/IP initialized!\n");
}
#endif

#if defined(RT_USING_DFS) && defined(RT_USING_LWIP) && defined(RT_USING_DFS_NFS)

{
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rt_kprintf("begin init NFSv3 File System ...\n");
nfs_init();

if (dfs_mount(RT_NULL, "/", "nfs", @, RT_NFS_HOST_EXPORT) == 0)
rt_kprintf("NFSv3 File System initialized!\n");

else
rt_kprintf("NFSv3 File System initialzation failed!\n");

#endif

ERIBRI A IAE D, F—aBn 2R tiwipEf, E D EENFSHIRME, B
KAETENFS Server EWHZER R, ROKIBAENFSEHRZITRAFRERT, EEHAINE
BREMXAERAFEERER, FENFSEHZIEMFEEZT,

WIFRRIEFE, MAIUEfnshRERALs, mkdir, catFa<RIENFSHENBRFHY
XHT,

12.8 UFFS

UFFS2Ultra-low-cost Flash File System (B{RINFEMNEXH RS ) HiET. ER
AFER., ERRAXIEESFNAFFERFEANand FlashIFEX 4R G, SHRARPE
ERfyaffasXFRAEBLLEABRRERAL. BaEER, REFMNHE,

UFFSEARBEEFE http://sourceforge.net/projects/uffs/

12.8.1 UFFSECE
B SER N Breconfig hFRRIUFFS IR R 2,

#define RT_USING_MTD_NAND
#define RT_USING_DFS
#define RT_USING_DFS_UFFS

ERT-Thread R AYUFFS{EA 7T MTD NANDRY#E [, BELEFEZEFTFRT_USING_MTD_NAND,
tboh, ERIEMERUFFSE X TIR #ENANDR TN IZF, EF E/M SRT-Thread ®IMTD
NAND# O, ZENEFHEMFERENETNA, RERTZLIFTH,

B ZREESEdfs_uffs.n5uffs_config.h

UFFSEEEX 7. #Enand flashity iy E@FEERECCGEITRIERY (ECCR—MEURER
WEAHENG ) , UFFSXISMIRIEHIN, BEWNTF/LM:

1. UFFS_ECC_SOFT
2. UFFS_ECC_HW_AUTO
3. UFFS_ECC_NONE
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AR —RERERBRAR, TERATF - ERIFEGECCHINERT, ECCRIGHUFFST
B, HTFECCHUBRI;LLEFER, BXMAXNESRIRERERR, NEFER.

AR ZREGHEMAR, XIMART, ECCRIEHANANDIRINFIERF TR, UFFSAMIER
ECCRIGTF, XMANLLRRIE, BalfiEFrIUBITREECCHIBMFRAIE.

BRE=AFEECCKRIEAN, FEXFART, UFFSR{ERECCHKIE, AT NANDISH T8
HIMBIES AR, FHEECCRILARBIFA E—EDbithI iR ( —ARECCHT AL IE— 4 bithy
B|iR, FTRLRBI2ADbitIEIRBRILIEAMIE, BXHALEN, ECCbitsiZ HAIFERE W
i), ENANDIZE LIBESE —EMLL2MN,

&R, HTENANDIRE EFEAUFFSET#EE A7V "UFFS_ECC_HW_AUTO,

ERE: UFFSAXeT LAEF7ZENANDIR & £, theJLA{EANOR FLASH, SPI FLASHiZ &
%, Aig BAIRT-Thread FAYUFFSIN 25 7ENAND EfEF, KRBT AES £ B YT NOR
FLASHUA K2 SPI FLASHISZ 35,

#define RT_CONFIG_UFFS_ECC_MODE UFFS_ECC_HW_AUTO

rtconfig. hFE X, AFEEUFFSRIRIE T,

#define RT_UFFS_USE_CHECK_MARK_FUNCITON

rtconfig hnAE X, NANDBEZF=4IFHR, —RENANDX 4 & Gi(fyaffs ) EBBF BB H1¢
MR RFNFRICIFRAIINEE, AT ECUFFSIRENSRE, UFFSIRIE T EEXANE, HITFXA
=AY, NANDIRHFE R MIFHEN SIFRIFIEI B MR, NRXAXNE, UFFSIERE
BINANDIEENR (B TTi% S SR B SL PR R IE B SHRiC,

12.8.2 UFFS RTE4E S

UFFSAB IR SMNEERT, BEFERE. £ TEAXFRERENEEREI,
AT BMERIX AN 4R EBIUFFSSRIRAR B A TE G A,

components/dfs/filesystems/uffs/uffs_config.h

IEXFEEEEINRS, AFSARKNLNE TR,

/**

* \def MAX_CACHED_BLOCK_INFO

* \note uffs cache the block info for opened directories and files,
* a practical value is 5 ~ MAX_OBJECT_HANDLE

*/

#define MAX_CACHED_BLOCK_INFO 6//50

/**

* \def MAX_PAGE_BUFFERS
* \note the bigger value will bring better read/write performance.
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* but few writing performance will be improved when this
* value is become larger than 'max pages per block'
*/

#define MAX_PAGE_BUFFERS 10//40

/**

* \def MAX_DIRTY_PAGES_IN_A_BLOCK
* \note this value should be between '2' and the lesser of
* 'max pages per block' and (MAX_PAGE_BUFFERS - CLONE_BUFFERS_THRESHOLD - 1).

*

* the smaller the value the frequently the buffer will be flushed.
*/

#define MAX_DIRTY_PAGES_IN_A_BLOCK 7//32

/**

* \def MAX_OBJECT_HANDLE

* maximum number of object handle

*/
#define MAX_OBJECT_HANDLE 8//50

%88 FEEE, FID)\E%B%EEWTIEPFJO IR, EHERRERFERUFFSHYIZE AL,
RREZEEMTAHNSY, TFZRERESCRFIEMEREEAN L, SEELEESH
AREHRDRIEBNEES R

12.8.3 MTD NANDIRzE}

TOADD: NANDZE#IfEN

7ERT-Thread EfEEFUFFS, AEZRHNANDIRE], RT-Threadf W NANDR A i&iITT —
[EEIEAIMTD NAND#EO/ZE, MTD NAND#ZEONNANDS F # T B R RMIR, h—1
NANDiE /4w 5 & MTD#E [ FIF2 7 5 71 °] AZENAND L FIRT-Thread Sz #5AINANDZEH,
YNUFFS, YaffsCA&RNFTLER,

NFTLEINand Flash Translate Layer, %A EFENAND L& £RIEAFatFsXX &R %,
EMAGBRIINEBFLE AR, XFNFILWEXREER, B3ERT-Thread W 25/
http://www.rt-thread.com/

MTD NAND#E[1}Bf3 il Fcomponents/drivers/mtdER T, HPSREEMEHIEEMEIE
.

1. struct rt_mtd_nand_device

struct rt_mtd_nand_device

{

struct rt_device parent;

rt_uint16_t page_size; /* The Page size in the flash */

rt_uint16_t oob_size; /* Out of bank size */

rt_uint16_t oob_free; /* the free area in oob that flash driver not use */
rt_uint16_t plane_num; /* the number of plane in the NAND Flash */

rt_uint32_t pages_per_block; /* The number of page a block */
rt_uint16_t block_total;
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rt_uint32_t block_start;/* The start of available block*/
rt_uint32_t block_end; /* The end of available block */

/* operations interface */
const struct rt_mtd_nand_driver_ops* ops;

s

* page_size TTK/\, HEIIMEXFTHE

* oob_size TisparelX ( 5(#iA00bX ) FF7 K/

* 00b_free R - PispareX FAJREZS (B K/, MTDIRENE H S48 ECCEUIRIRIE LA AT ERFR
M TESparelX, oob_freetgbRiXLELIE Z SMIspareXFIFRIR =B K /N,

« plane_num NAND flash#Jplane$i B

* pages_per_block /"NAND FLASHIRIITIZ B,

* block_total tR%%H

* block_start f2IRRS

* block_end £5RIRES

* ops ARIEZEMTD NANDHJIREREN 2

2. struct rt_mtd_nand_driver_ops

struct rt_mtd_nand_driver_ops

{

rt_err_t (*read_id) (struct rt_mtd_nand_device* device);

rt_err_t (*read_page)(struct rt_mtd_nand_device* device,
rt_off_t page,
rt_uint8_t* data, rt_uint32_t data_len,
rt_uint8_t * spare, rt_uint32_t spare_len);

rt_err_t (*write_page)(struct rt_mtd_nand_device * device,
rt_off_t page,
const rt_uint8_t * data, rt_uint32_t data_len,
const rt_uint8_t * spare, rt_uint32_t spare_len);
rt_err_t (*move_page) (struct rt_mtd_nand_device *device, rt_off_t src_page, rt_off_t dst_page);

rt_err_t (*erase_block)(struct rt_mtd_nand_device* device, rt_uint32_t block);
rt_err_t (*check_block)(struct rt_mtd_nand_device* device, rt_uint32_t block);
rt_err_t (*mark_badblock)(struct rt_mtd_nand_device* device, rt_uint32_t block);
%

IX2MTD NANDE X HI— A F12YENAND FLASHEY %, 1E TR BINBE R
{EH,
readid - FREIMTD NANDi% & Jid,
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[E2=A

rt_err_t (*read_page)(struct rt_mtd_nand_device* device,

rt_off_t page,

rt_uint8_t* data, rt_uint32_t data_len,

rt_uint8_t * spare, rt_uint32_t spare_len);
rt_err_t (*write_page)(struct rt_mtd_nand_device * device,

rt_off_t page,

const rt_uint8_t * data, rt_uint32_t data_len,

const rt_uint8_t * spare, rt_uint32_t spare_len);

L] /%Q:

W

- device - iR&¥E%;

- page-T15, WIS ARANS, BENEHRANTS

- data - TTEUBE M i, WRAiE/SdataX MiZE INULL

- data_len - TIREBEKE;

- spare - DISPARE (00B) X iitlt, EARIZ/SSPARERMIZE JINULL
- spare_len- TISPAREE HXK[E;

< IRENE:

- RT_EOK - iZB R IN
- -RT_MTD_EECC - ECCE&iR
- -RT_EIO - #1518

BpRIR

rt_err_t (*erase_block)(struct rt_mtd_nand_device* device, rt_uint32_t block);

. ’;i:

W

- device - I8 &¥8%5t;
- block - HRE

e IRMENE:
- RT_EOK - #Z=FRALIN

BRI E

rt_err_t (*check_block)(struct rt_mtd_nand_device* device, rt_uint32_t block);

RATFHRE—MRES HIMR, SERUFFSHITHAZERT_UFFS_USE_CHECK_MARK_FUNCITONAY,

ASEIRIX BRI £
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- device - {8 &¥8%5t;

- block - 25
« REE:

- RT_EOK - ¥R
- -1-1Fte

FRigIFR
rt_err_t (*mark_badblock)(struct rt_mtd_nand_device* device, rt_uint32_t block);
FHRE—MRIIFR, HERUFFSHITHZRT_UFFS_USE_CHECK_MARK_FUNCITONET,

F
SR IIX R B

W

"

- device - 18&1E%t:
- block - tR=

< IRENE:

- RT_EOK - ¥RigmIh
- JEO1E - PRickl

rt_err_t (*move_page) (struct rt_mtd_nand_device *device, rt_off_t src_page, rt_off_t dst_page);

HENAND FLASHRREY—ANTIZNRI S — 4N T1#, NAND FLASHIZGISZ B EEHF RSN
LInge, EE: LEERIBUFFSSYAFFSHAEE, NFTLEZSW,

- device - 18 &18%t;
- src_page - RNIRT1IS
- dst_page - RWBEMTIS

« IR[Ol{E:

- RT_EOK - #21ERKIN
- -RT_EIO - & B EEHEIRE
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SEAMTD NANDI& &

rt_err_t rt_mtd_nand_register_device(const char* name, struct rt_mtd_nand_device* device);

AR LR ERT-Thread RAEMMTD NANDi&R &, FEUFFSX G RZA ] UERX A
REBEHXERLR,

12.8.4 UFFS;R{BI5X 50

B RIRT-Thread PEAUFFSIERLLRE ST, stm32f10x, stm32f40x E3KHLTk9f1g08
NANDHYSZ#¥, FH7Ebsp/simulatoriERE XA RIEHINAND, FHZHFUFFSEHL,
1 EF NS EX LS SIMTD NANDBHIS %,

1. stm32f40xHJk9f2g08.cI¥z])

https://github.com/RT-Thread/realtouch-stm32f4/blob/master/software/examples/
drivers/k9f2g08ulb.c

2. stm32f10x#9k9f1g08.c3xzh

https://github.com/prife/stm32f10x_demo/blob/master/wdrivers/k9f_nand.c

12.9 jffs2

12.10 yaffs
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E13E

NIl

SAL - ERZFHR

13.1 &N

A TEERESHIMEINALEER, BRRAEN B— ML, RT-Thread R4
RHT—E SAL (EERFHRE ) B, ZAMTMNRE ML M &SI EE O A
I EER M —LHIRER BSD Socket API, XiFARERFZROMERMBNARR G
BMLEEL, MEFTROEREERMEHIEERMEI, WANRESTRANFRENE, &
B & B TR REE MM ERRHI AR, SAL BT BN R:

© R, B—SHWNEDIERED;

+ #5454 BSD Socket API;
s 45— FD EIE, {EF{ER read/write poll/select SRIZIEMLEINAE;

13.2  PILEHEZR

RT-Thread FIMLZIEREZRAI T EMA, WNE SAL MBIESREFTR:

13.1: SAL P4BHESRE



13.37 TIERE RT-Thread4w72Em

BNMERMENARE, =Mt —E#rfE BSD Socket API, 3l socket, connect iK%,
BT REFKEBDMEF LR,

BN IXEZRSKE, 1€ RT-Thread R4S, @i DFS X R FETEF o] AMERRE
FIEORBEMABNIX G RAIRE, NEERFROUERZNGNHR AL, ERAME
BEFEONGIENNEBERFHRATHXGRASL —EIE, FIUNEBERFHRATHA]E
FREXHRERED, XHREEAM LENAERHEMNZENOSB: read. write, close, poll/
select &,

FBZLHANEBREFHRE, BEE RT-Thread RAEEBIEEE FERBIIME DN, F
RItE T ER—NEHEZZED, HEABMUEINEA. ERFHREN LENAERMH
#O%A: accept, connect, send, recv &,

FMNEH APNRE, ZEEIE/LFEBR TCP/IP thitk, FGIMERARA LR ERM
280 TCP/IP #Hi%4% IwWIP ARz RT-Thread B AR AT Socket MLRINEESCINSE, X LEHHY
FRE LR INRESCIN B R FNRE 2, TTRU AR AN B E R (E i ERIFE(L,

RT-Thread R4 AR R AV O EZ BAYR A BSD Socket API o, XIFEEHARIZF
BIBATE PC LRE. A, AFHBEBIESI RT-Thread RIERA L,

SAL A FELIMIFANINEE: TRFSMMURIBATSZ —HFREORR, WFAREH
MRS MEINBESCEL, MEEOMBMEIBES AMEE, LA connect EZE B AEI, IwIP
MR Q&R Iwip_connect , T AT Socket P4&SEI A% &5 0 at_connect, SAL
AHRENREM IS ME ST ORI E—, HHEE socket BIERNEIFIRTEAN
Rt iFE (domain ) SEBUSRFIBTEE A RI M INAR TR NLETNEE, FRY RT-Thread ZRAF S 1Y
FEASER,

int socket(int domain, int type, int protocol);

3R 45 4 BSD Socket API A1 socket BIFRREIEVE X, EHMAP domain RRMMNIH X FE I
NG (family ) , FAFHIMRE R WA IS ST, AT Socket LS SLEL A IR SE
By AF_AT, IwWIP AR (ERMNARSEELE AF_INET, AF_INET6 &, F/3 IWIP itk 2 $F
[&, £ AF_INET SIEMEERT, NWILEZRFREFER IWIP ARSI, AT Socket
£ RT-Thread BEMAMET AT BEHRIMKZINAESLI, HiZZMEENKIBENBNERE
it AT @< 5ERk, S2#HHR/E& BSD Socket API,

B &l RT-Thread R4 MEIR BB MLEINEERT socket BIFRR B P IMNFRLREE,
EEZHFABMIMUER I NELI FEZEREAIMINGEER, H T ERABIMUETMNE
SEIR, SAL AEHNFE MM E WL SRIIRE AP MNAEERILAE 5 EMNGESE
BUFRIMNGRZEERY, socket BIERTEHIBTE AN INFEL B R EFECE /A EIMNER,
WSR2 M AN MM ML, MRARHIERIMNELRRRE R, BRiRAF
PMNFEEBINT

IP #¥Ak : family = AF_INET, sec_family = AF_INET
AT Socket PZgsKEN : family = AF_AT, sec_family = AF_INET
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5$F SAL AfF I INGRRISZHS, BEFFE MG

13.47 EEEEIN

FE— MR, B

WEEEMARNRGE —BE, MUREMWERPE X TiZMIAERIMITERE, 0 WP #hiik+
89 lwip_socket(). Iwip_connect() &, SAL B#HEIEIIEA socket BEFEEMAEN, H
socket L5 ATIRAE —EIE, socket MR IFINZ AT socket IMITRBFELRER, &
socket BIEZET @IS FIRTE A MNGESEERY, JEMX M IMNFERITEIE] socket LEMIEMITE
R, ZfE, A% socket HITREBUIRIER, FERIREN socket LM KRR INFEMITER

£, FTRURBURME, T SAL LA connect BRFIHMKR SLELR A :

/* SAL LA{AN FZIR (AR HE BSD Socket APT */

int connect(int s, const struct sockaddr *name, socklen_t namelen)

{
/* FRER SAL EIEFHAT */
int socket = dfs_net_getsocket(s);
/* BT SAL EEFHARTHIT sal_connect KK */
return sal_connect(socket, name, namelen);
}

/* SAL fR{HZREEEO SN */

int sal_connect(int socket, const struct sockaddr *name, socklen_t namelen)

{
struct socket *sock;
/* BT SAL EEFHIATARER socket AR */
sock = sal_get_socket(socket);
if (!sock)
{
return -1;
}
if (sock->ops->connect == RT_NULL)
{
return -RT_ENOSYS;
b
/* R FAREREE AR R X R (I MY SRR TERER */
return sock->ops->connect((int) sock->user_data, name, namelen);
}

/* PREPITERSBOARIKE WIP PXAReR kI */

int lwip_connect(int socket, const struct sockaddr *name, socklen_t namelen)

{

}

SIEAMER SAL HERFEEE rtconfigh FEXWMTEE:

#define RT_USING_SAL
#idefine SAL_USING_LWIP
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#define SAL_USING_AT
#define SAL_USING_POSIX
#idefine SAL_PROTO_FAMILIES_NUM 4

« RT_USING_SAL: FAFFF/E SAL IhE;
« SAL_USING_LWIP: AFFHE IWIP thiNtkzF;
 SAL_USING_AT: FA-FF/3 AT Socket thii%z4F;

BT SAL HIRER 2 IWIP i (10 AT Socket thitk, RARHE SALER
BV B — MRSz,

« SAL_USING_POSIX: FFFH/3 POSIX X4 ARGHEKEESZHE, 9 read. write, select/
poll &;
 SAL_PROTO_FAMILIES_NUM: Z#F:m ARIEIRS F /Ea0h i Ak ML ST AL E ;

THREZEED ] B ZEE rtconfig.h XERRINER, the]lB T HEGEEETAR
ENV EBEEIINA, ENV TEPEARBEIRZWNT:

RT-Thread Components --->
Network --->
Socket abstraction layer --->
[*] Enable socket abstraction layer
protocol stack implement --->
[*] Enable BSD socket operated by file system API
4) the number of protocol family

Bo & FERY P] BB scons e EFERINAE, AL SAL A4,

13.5 #)%aMt

REHAE SALENiZ G, FEERBNNNEHEITHEL, /5 SALINEE, MREFF
E2ERATAGBMVIRL, WABFEHMIMHTRRMOYBNL, SUNFEEVHRLEST
AWM TR

int sal_init(void);

ZAA MR EEZRY SAL A #1TYIIE, SFHAMHEE VAL, FTTRMNAGE
RANERSIEZRVIENT. SAL AEFLERIBEIMNEIE, XWEKE SALAFRRS
FAtR/)y, B&iSAL A4 2EE S % ROM 2.8K #1 RAM 0.6K,

BRT SAL tAEE9ItAML, FRATEER SAL A Z R B E N H T M i A% e M 4E ST
MSTREMEFE, WF SAL AEP IS STMAEM, TER MU THBE KRB
WFEIEATFE, #R socket BIEERTBEIR BN MR MM AR EL,

13.5.1  IwIP Bt £

WMRARE IWIP 235, FZEE SAL AHFIT IWIP thiR#H T EMIENEK, TERE
sal_socket/proto/lwip/af_inet_lwip.c XH&FH R, WMRXEHRERTHENFIIAKLN
B]7288, IRLEMNEZIRAN FYREERL:
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int lwip_inet_init(void);

13.5.2 AT SocketM4&Ihge; £

WRF S AT Socket 23F, FEETE SAL AHHITTF AT Socket thiXiRIHITIEM I IA
¥, EERTE sal_socket/proto/at/src/af_inet_at.c XM, MR EFERTH
Bai¥R N el 288, NRSEMNEZIFRU TYRLERL:

int at_inet_init(void);

VA LTEm 2 IR P] AIE R £ SAL B4, fERIMSKRAIARE BSD Socket API 4giZ,

13.6 API #[ON4A

SAL {B&HhSR B R/ BSD Socket AP #20, WM TFEWNERMEZEONNE:

13.6.1 GIEEEZF (socket)

int socket(int domain, int type, int protocol);

AT RIEREEMIE, BIREEMMRDE— N ERF AT R EF AN RIR,

5 iR
domain DI E S
type IIYES]
protocol SEIRMERRIEHIE Y
IRME iR
>=0 I, REI— M REEFEATIELY
-1 0
domain
X i

* PF_INET: IPv4
* PF_INET6: IPv6

type
[N E ]
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+ SOCK STREAM: ZEE=F
« SOCK DGRAM: IIEIREREZF
« SOCK RAW: FiaERE=F

13.6.2 HEEEF (bind)

int bind(int s, const struct sockaddr *name, socklen_t namelen);

AFHEHEOSH IP UHETHEEERF L. HEMA socket() SIE—MERFHR, R
REATE TR, FRENREY, EERFRICREHMENNERR, @A bind()
LEHE— MR O S,

28 iR
S EREFRERS
name 1810 sockaddr 5# (KRS, RNRESIEHLL
namelen s ockaddr £5HIARIKE
iR [E ik
0 Ry IN
-1 KW

13.6.3 SIFEZEF (listen)

int listen(int s, int backlog);

AT TCP fR53 BRI IEE B F iR,

S i
s ERTRRN
backlog TN IREBEFNRREERE
iR[E] i
0 R Ih
-1 S
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13.6.4 #EUWERE (accept)

int accept(int s, struct sockaddr *addr, socklen_t *addrlen);

13.6% API #0

R

YN ARSI REEMENAEREER, A accept() REFVIBLERE, accept() B
FBMERCINIFNERFH M LEIREAY BRI INER,

3 iR
s BTN
addr KRR —REBFHHRAERKE
addrlen EPimig & ik SRR E
R iR
0 ALI, iR EHEIEMERF AR
-1 K

13.6.5 ¥&I71%E#E (connect)

int connect(int s, const struct sockaddr *name, socklen_t namelen);

BAF &I 5387 socket HUZEHE,

28 iR
S EEFRERS
name AR S5 28t aLE 2
namelen AR 55 2Rt bt LR AR B IK E
iR [E ik
0 ALLN, IREH SN EREF R
-1 e

13.6.6 TCP #E4.i%X (send)

int send(int s, const void *dataptr, size_t size, int flags);

RIEWIE, BRAT TCP &R,
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28 iR
S ERTHAT
dataptr RERBIRIEE
size REMBIRKE
flags W&, —RA0
iR iR
>0 AL, IRERIXEBIERKE
<=0 K

13.6.7 TCP #UEIEW (recv)

int recv(int s, void *mem, size_t len, int flags);

EWEiE, BAT TCPEE,

S8 ik

s BTN

mem B EIEE

len BERBIEKE

flags &, —fRA0

iR [E] ik

>0 AL, IREERABIERNKE
=0 Birttit BRI R HERE
<0 K

13.6.8 UDP $E%3% (sendto)

int sendto(int s, const void *dataptr, size_t size, int flags, const struct sockaddr *to, socklen_t tolen);

R1XHE, HATUDP &R,
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S BT
dataptr BIEFBUETEE
size RIFFBIRKE
flags &, —f#RA0
to B iRt LA M RS £
tolen Bt IR K E
R[] T::pU
>0 ALIf, REIRIZFBIENKE
<=0 K

13.6.9 UDP #uE#EUL (recvfrom)

int recvfrom(int s, void *mem, size_t len, int flags, struct sockaddr *from, socklen_t *fromlen);

EWRIE, SATUDP &R,

g iR
s BTN

mem B EIEE
len BWREIEKE

flags W&, —RA0

from Ut AR IR TE £

fromlen Bt SR IR E

1[0 iR
>0 AL, IREERAESIRRKE
=0 Bt B AW T I R A& E
<0 K

13.6.10 XHAEE=F (closesocket )

int closesocket(int s);

RHANERE, BRAR,
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o iR
S EREFHERN
R iR
0 nav)|
1 eI

13.6.11 HRIREXHAEREF (shutdown)

int shutdown(int s, int how);

RHE SN RIEGERFHRATIE.

S R
S EEFEAT
how EEFIEHnAX
RG] iR
0 FRIh
-1 3
how
¢ 0: (BlEEWEHBIEGE, HIB4LAGEREIERIL;

* 1 BIERERE, AEFRRENBUE;
 2: RIERRARIERIE.

13.6.12 ZREEETFIEIN ( setsockopt)

int setsockopt(int s, int level, int optname, const void *optval, socklen_t optlen);

REERFEN, ENERFEERI

28 U

s ERFHRARN

level AR EC BN
optname FEIREMEIE
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optval REIRTER P X ot
optlen REETENENAXKE
iR [E] U
=0 RYI
<0 KK
level

« SOL_SOCKET: EEFE
« IPPROTO_TCP: TCP/Z
« IPPROTO_IP: IPFE

optname

« SO_KEEPALIVE: & B {REHEEHEIN
« SO_RCVTIMEO: & B EIEFHUBE BT
+ SO_SNDTIMEO: & EEEHUEL X8

13.6.13 FREXEZTFED ( getsockopt )

int getsockopt(int s, int level, int optname, void *optval, socklen_t *optlen);

RNEEFEEEDL
S8 R
s ERTRHEAR
level MR EC BRI
optname EEIREREIZ
optval SREVEERY 2 X HotiE
optlen FREUEDVERYE P X K E oLt
IR [0 Ha
=0 AYIf)
<0 ES
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13.6.14 FREUZImiUE{ER ( getpeername )

int getpeername(int s, struct sockaddr *name, socklen_t *namelen);

FNSERFRENZRBUHES,

2 ik
s ERFEANT
name LS b Ry e =Ry
namelen BERR U SR E
1[0 iR
=0 oA
<0 K

13.6.15 FRENAititibH{E S ( getsockname)

int getsockname(int s, struct sockaddr *name, socklen_t *namelen);

RIS ERTFIBIHER,

g iR
S BTN
name BWEBaHu M R TE £
namelen BEE SRt SR K E
R iR
=0 RIN
<0 K

13.6.16 BEEEERFSE (ioctlsocket)

int ioctlsocket(int s, long cmd, void *arg);

REERFEGIRI,
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S8 R
s ERETFHR
cmd ERTFEFsS
arg BRIEH TS
iR R
=0 R IH
<0 £

cmd

* FIONBIO: AESXAEZEFHIIEFEERI, arg S 1 HAEBIEEE, 0 XFIEHE
EO

13.7 WEIIRIBEATL

LRI BN BINREST MBI RN, EER I INGREMIRRIH Ia LAE M IE H B

ARINZ] SAL LAHFRIMXERIIRT, MXEREMRE XN :

struct proto_family

{

};

int family; /* primary protocol families type*/
int sec_family; /* secondary protocol families type*/
int (*create)(struct socket *socket, int type, int protocol);

/* register socket options */

struct hostent* (*gethostbyname) (const char *name);
int (*gethostbyname_r)(const char *name, struct hostent *ret, char *buf,
size_t buflen, struct hostent **result, int *h_errnop);

void (*freeaddrinfo) (struct addrinfo *ai);

int (*getaddrinfo) (const char *nodename, const char *servname,
const struct addrinfo *hints, struct addrinfo **res);

o family: MM EDINFRZEE, FI90 IwIP B9J9 AF_INET , AT Socket 3

AF_AT,

+ sec_family: SMWHNRSIFEURIDINERIEEY, AT B MR ME IR,

TLECER 4 B Fp Bt SE BURI B IN AR R BL,

« create: FEEW socket HAMITRENAEM, U0 connect, close EFREAY, 15

AT IARAIITERBUEM 2 CIZAY SAL BHH socket LEHRHR,

« BfRE: HEBRFERATRY, BTLRESMHIUESMESIIMAIIRITEL,
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PAR 79 AT Socket WZESCEREVIENEMIARIE, FRERSE LI E MM NRMLESE
AR

#include <netdb.h>

#include <sal.h> /* SAL fRMELEMETERCT S */
#include <at_socket.h> /* AT Socket AHI3LS{ */

#ifdef RT_USING_DFS_NET
#include <dfs_poll.h> /* poll PREERENAR K0 */
#endif

#ifdef RT_USING_DFS_NET
/* BENK poll $TeR¥K, AT poll FrabIBiEiiS=H */
static int at_poll(struct dfs_fd *file, struct rt_pollreq *req)
{

int mask = 0;

struct at_socket *sock;

struct socket *sal_sock;

sal_sock = sal_get_socket((int) file->data);
if(!sal_sock)
{

return -1;

sock = at_get_socket((int)sal_sock->user_data);
if (sock != NULL)
{

rt_base_t level;

rt_poll_add(&sock->wait_head, req);

level = rt_hw_interrupt_disable();
if (sock->rcvevent)

{

mask |= POLLIN;
}
if (sock->sendevent)
{

mask |= POLLOUT;
}
if (sock->errevent)
{

mask |= POLLERR;
}

rt_hw_interrupt_enable(level);
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}

return mask;
}
fendif

/* ENHWAE Socket HUTEREL, S NEIREMF Socket EHEFHFIAAPITERIAFME Socket LEMAT , L]
static const struct proto_ops at_inet_stream_ops =
{

at_socket,

at_closesocket,

at_bind,

NULL,

at_connect,

NULL,

at_sendto,

at_recvfrom,

at_getsockopt,

at_setsockopt,

at_shutdown,

NULL,

NULL,

NULL,

#ifdef SAL_USING_POSIX
at_poll,
felse
NULL,
#endif /* SAL_USING_POSIX */
¥

static int at_create(struct socket *socket, int type, int protocol)

{
RT_ASSERT(socket);
/* PNREEMIAT create eREUNSCIL, ATIEM EEE XA ops PUTEREREY socket LGk */
socket->ops = &at_inet_stream_ops;
return 0;
}

static const struct proto_family at_inet_family_ops = {
AF_AT,
AF_INET,
at_create,
/* Socket EHEFILREREL, HNMIGREEMEEM */
at_gethostbyname,
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NULL,
at_freeaddrinfo,
at_getaddrinfo,

Y

int at_inet_init(void)

{
/* FEMINGREMAENNGESIFR, FFAHBIET socket BRFUEAR family ZEFUDLALRT I {3 AN &R
sal_proto_family_register(&at_inet_family_ops);
return 0;

}

/* BEhHIAHEREL */
INIT_COMPONENT_EXPORT(at_inet_init);
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AT Commands

18

141 B=x

AT @S5 (AT Commands ) REEH %S 1AHI#E1H2E (MODEM ) M ARERK LS
(Hayes) J 7% MODEM & BREVIZGININ, EHEMETENAR, FERENILS
MODEM EAXBH—MREMA™H, BR AT RSRE TR, HNFBHNBINBIFEST K
EJ GSM T —BE AT &<, BTEEIFNN GSM 1R, AT mSELLER EiEH
AN GSM 07.05 FRELA R SRR GSM 07.07 4ffE, SEIRELIRESHIARELL,

TERESHY GPRS #=8l, 3G HIRES T, YR AT L RES, AT HSEHE" R
FF&E PR ARG E, 1S, AT LSRN ZHNRATHRARNALTR, AT HSKRMER
FEREFETRRMIMUED, BEFRO—RAED, IHFFEETBETERMNGHSH
BRI FERL S FPIRLE,

AT S ER—FM BT AT BRZ 22 (AT Server ) 5 AT Z/~i% (AT Client) [BE9i8 &%
BESHREENAR. EEAREWNTEFRFR:

s
AT g & iE K

EI'JF‘LQHF+ i A AT H&%%&
URC %47

B 14.1: AT 5SHESS

14.2.1 BEARMZ

1. —f% AT S H=AEBH AR, ’\“'Jze' BIER. FHMERF, EFFIEAHFFATH
B ERHGS. SEFATeERRINEIRAR ; ERT—RRID <R><LF> ( “\r\n” ),
2. AT IHBEERYSCINEESE AT Server #1 AT Client AR HE TR,



14.3%5 AT Server RT-Thread4mf2iEF

3. AT Server TERFIEU AT Client RiZH&GH<L, FIEEWMNSSREBHIEN, HFTX.
MR AT R, 3B EDh N R EUE,

4. AT Client EERTFREGS. F13F AT Server MR, FX4 AT Server MR #3E sk £ 5
EXRMBIBHITRTLIE, REMEXER.

5. AT Server #[1 AT Client Z [B]Z 33 2 &R B A R (UART, SPIE ), BRIREH
FIRE N UART @il A,

6. AT Server [a] AT Client ZERIEUIE AR : M EHEF] URC £k,

- MNEHE: AT Client RiXas < Z /GUREIRY AT Server MIRIRSFIES.

« URC #44&: AT Server £ &IX45 AT Client BYEHE, —RRHINE —LEAFTRAVIER, LE
90 WIFL JE 2B FF, TCP EINHIES, XLFRIEEFER P ML ENERE.

14.2.2 AT AENE

AT A 2ET RT-Thread R4 AT Server F1 AT Client B9SCER, (AF5ERL AT &40
LiX, mOBARSHFIM, SO, NSRRI, O SIERIRRT. URC #1E
MIBEEAN AT O HIBRERIE, BT AT AR ERIAYE S AT Client EA B OEZEEM
RERIEZFIZWBEITEIE, PJLAER AT Server 1L E iR & H = B hXin % 1 5ol &R X 5B
MapRz, te]AFEAH shell Bah CLI HR(E IR FFEIRT 25 AT Server # AT Clinet IH&E, Z4%
XNZRATFREALIFI,

AT 2847 AT Client Thae 5 AR IRIATA 9 4.6K ROM F0 2.0K RAM; AT Server ThaE 5 Al
RIFEAT ) 4.0K ROM # 2.5K RAM; AT CLI Ih&E S FZFIFEAI R 1.5K ROM JLF:& B ER
RAM, AT AFSAFRESAR), EIEEERANATRFEERNERANIZER, AT A4
RFBEZATF rt-thread/components/net/at/ BREH, TEMINEEEIFENT :

AT Server X ETNRE =

- Bitad: FUMSMEREMEGES (ATE, ATZF) ;

c WERE: BOEXFBBKRNE, BEndREMY;

c PN WERFHEEXSHRAN, AXUANERROGSSHBEENINGE;

- @ LiEM: REERENAFBEXGLRMA, EMUTF finsh/msh GLRMAN;
< FIRART: R AT Server CLI &9 1TRERN, TE2AFIREFR,

AT Client EEIhAE:

« URC BUEALIE: &M URC BiERIAIES

- HIERRNT: IBEEXMNBIRNRTA N, HERRNMNEEFEXESR;

« FIHEIU: R AT Client CLI sp 9 1TRER, TERATREEIL,

* AT Socket: fEJ9 AT Client INEERVZE(R, {EF AT as QUL IEHEML, SKIMARER BSD
Socket API, SERiENIERIWIAINGE, (ERAFEE AT &5 IR & EMAMRIEE .

14.3 AT Server

14.3.1 AT Server iIc&
SIAMER AT A4EHRRY AT Server TEER FEETE rtconfig.h FENIITREE:
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#define RT_USING_AT

#define AT_USING_SERVER

#define AT_SERVER_DEVICE "uart3"
#tdefine AT_SERVER_RECV_BUFF_LEN 256
#define AT_CMD_END_MARK_CRLF
#define AT_USING_CLI

* RT_USING_AT: FFF/BENKMA AT LA ;

« AT_USING_SERVER: FATFFF/2 AT Server IJgE;

« AT_SERVER_DEVICE: ENXi&%& Lt AT Server INEEERMEDBMIRE B, BIFERE
FERRIREBME—, XBFERAMRE vart3 188;

« AT_SERVER_RECV_BUFF_LEN: 7E X AT Server & &R AEIEIBIIKE;

« AT_CMD_END_MARK_CRLF: XM AT HIBrIZWmSIITERN;

« AT_USING_CLI: RAFHBESXFARSZHRHLITRER,

WFARERAT RS, REGSHTERFIBIAELMM: “\n\n” 0 " 0 ‘0",
AP HBERE AT Server E AR S LXENER MAVITERR, #EMFIMAXGLSITHE
R, EXHIANMTF:

EX HERTF

M

AT_CMD_END_MARK_CRLF  “\r\n”
AT_CMD_END_MARK_CR “\r”

AT_CMD_END_MARK_LF “\n”

AT AT RME T TRMIEIRINE, AFrMBETEXEZEX A BRIAER, xE
TSR B REIERT

#define AT_DEBUG
#define AT_PRINT_RAW_CMD

« AT_DEBUG: FAFF/5 AT A4 DEBUG R, sJUEREZIFXAETER.
* AT_PRINT_RAW_CMD: FFHBEERETR AT sn S BEEIRER, HEIFI,

LT HEEED ] UNEZEE rtconfig.h XEEFRINER, the]lBTHGEEETAR
ENV EEEEIANIA, ENV FE{RIRIZAT :

RT-Thread Components --->
Network --->
AT commands --->
[*] Enable AT commands
[*] Enable debug log output
[*] Enable AT commands server
(uart3) Server device name
(256)  The maximum length of server data accepted
The commands new line sign (\r\n) --->

[ 1 Enable AT commands client
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[*] Enable command-line interface for AT commands
[ 1 Enable print RAW format AT command communication data

AIERESTMZ BRI MERGSITEREMTIE, SEMsconsREITHRIFEMN.

14.3.2 AT Server #]¥41¢

EEEF S AT Server BEZ 5, EEBERBIINNE#*ITHIRL, FF/3 AT Server ThEe,
NREFPELXFERTHESNVIRL, WABEEGIMHITEMIVVIBLK, BUNEEEY
WL ES BRI TR

int at_server_init(void);

AT Server H13aLERE, BTRABEXL, FEEFER AT Server THEES & EF AT
Server CLI IHgERTIAA, at_server_init BREITTAL T AT S SEFMEIBERFI A (L. AT Server
RBVEMLLAR AT Server ERANESEFRIEMVIRMNL, HEIE at_server LIEAT AT
Server REUERIIZURAIRRIT,

AT Server ¥ttt INZfa, IREFETLAMER AT BRS2R5 AT EF R & IR & EREH
HITHIREIN, sSEERS O T ARERE PC, & PCinROiRXBIFEN ATEFRIRER
HITEUR BT,

14.3.3 BEXAT s iRmMAR

HEl, AR R AT 2EERN AT GSENBREETENA—IRE, BT AT
LR AT Server A3 TERHEMER AT &%, I80: ATE. AT+RSTE, XLEHSH
AR IREERRE, AFPEFERAESETEHNAR AT IR&TAMEE X AT Server &
%, AT AERMEEMT finsh/msh SRIMA R AT BSHRMAR, HEAFIUEEN
<.

AT Server BRIEKIAZIFMEMGSUW T :

« AT: AT X2

« ATZ: REMEHIIRE;

« AT+RST: R&ES;

« ATE: ATE1 ABEIE, ATEO XFIEIE;
« AT&L: F|H2EmSIIR;

« AT+UART: i#B&EMIREER.

AT L IRBEANSBEATE T ULIMAFINE, MTENAT SRS B220M
IngE, SNFAMAR:

« MARTNEE: AT+oo>=? ATFEEGSSHBBINLIETE;
- ZFINEE: AT+>? AT REIGSESHERIE;

< REINEE: AT+o=... BTHAFBEXSHIE;

« MITINEE: AT+ FTFMITHEXIRME,
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BN SNUMINEF AT ELIPSCI, AFBTE XA AT Server ap 2, vJiRIEE
OB RS — M) LM EiRTHEEREL, RSLIAITHEERTAEA NULL TRR, BiBILBEE X
SIRMBER MBI BRI G SIITR, AMANEMTF finsh/msh FSHRMAR, HIOEEAN
T:

AT_CMD_EXPORT(_name_, _args_expr_, _test_, _query_, _setup_, _exec_);

« _name_: AT < RBH5;

« _args_expr_: AT LS8 RER; (ZSHANULL, <> FAHMESE, [1 RRTT
EEH)

« _test_: AT MiXINAE

« _query_: AT BiRINREREE; (EL)

« _setup_: ATIRENEEREE; (FEL)

« _exec_: AT HifTINEEREE; (EL)

8A; (EEWANULL)

B

&)
]
&)
]

s

TR AT GLEMRE, ATHTEST L BFERNSH, F— ISR OWESH, FZ
NERRFNESE, S KMEBNENMITINEE:

\

static at_result_t at_test _exec(void)

{
at_server_printfln("AT test commands execute!");
return 0;
}
static at_result_t at_test_query(void)
{
at_server_printfln("AT+TEST=1,2");
return 0;
}

AT_CMD_EXPORT("AT+TEST", =<valuel>[,<value2>], NULL, at_test_query, NULL, at_test_exec);

14.3.4 AT Server API [
REBIEEEFIR ( RHR1T)

void at_server_printf(const char *format, ...);

ZEREL AT AT Server @i & iR & & EXEE R VAV EBIE RIS A AT Client B[R &
L, BIRERATIRITHN, BTBEENX AT Server 1 AT an S HIINBERE T,

2 ETpu
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format BEXMARENRIAN
MARIEIIR, APJRSE

REPBEERFIR (]1T)

void at_server_printfln(const char *format, ...);

ZRE AT AT Server BT 8 QiR R IXEE R LALBIBRINT MY AT Client B8 &
I, BIRGEETIRITE. ATBEENX AT Server 1 AT ss S HITHREE EL .,

5 R
format BEXBABIENRIAR

MARIREIIR, HE]ESE

void at_server_print_result(at_result_t result);

ZERE AT AT Server i@d & R & RIZFFLMITE RN AT AT Client &R & L,
AT B RMSHEENGLSRITERELE, BEXGLN I NERERRMIRELE

S8 R
result EMITHRER

AT AHHParSITEREBIBIBERIL T, WNTEMR:

mEHITHER LR P
AT_RESULT_OK R LHITRIN
AT_RESULT _FAILE mEMITEM
AT_RESULT_NULL FiR[E]
AT_RESULT_CMD_ERR BWABLEHIR
AT_RESULT_CHECK_FAILE SHRAX ML EIR
AT_RESULT_PARSE_FAILE SRR
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AISE LT T MU {ER at_server_print_result BR%Y:

static at_result_t at_test_setup(const char *args)

{
if(largs)
{
/* MREANRG LS Z BRSEERR, REFRKALEFRER */
at_server_print_result(AT_RESULT_CHECK_FAILE);
}
/* IEEE MIREIBITRINER */
at_server_print_result(AT_RESULT_OK);
return 0;
}
static at_result_t at_test_exec(void)
{
// execute some functions of the AT command.
/* S ANEEREILER */
at_server_print_result(AT_RESULT_NULL);
return 0;
}

AT_CMD_EXPORT("AT+TEST", =<valuel>,<value2>, NULL, NULL, at_test_setup, at_test_exec);

FEMTRA GRS S

int at_req_parse_args(const char *req_args, const char *req_expr, ...);

—/N AT SN FINEER T, RBIRERBBEAS, ZASHER AT BLSRIKRER
5, FlaN—ANaStmAR "AT+TEST=1,2,3,4", MIiZBEF zszﬂﬁ)\%ﬂa%&?ﬁ% "=1,2,3,4"
2R3

Zm SRR EZRT AT ﬁvﬂ’hx%unﬁml BT@rEAETRSH, B5NM
HMZMNEASE, BTRITEmIEE, XEMBEITEEFERNIRE sscanf @@iTiE/%, BE
AT Client SEBEITER P FMAN A,

)y

Okt

28 iR
req_args BRGLSHEASRFRH
req_expr BEXSRBHRAN, BTRITLREASERBIE
WMHIBT SRR, RIS H
iR [E] ik
>0 AL, IRELESHRARNM T TS
=0 KW, TEESHRARNSEK
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B]SE TS T REAN{AIERT at_server_print_result R4 :

static at_result_t at_test_setup(const char *args)

{
int valuel,value?;
/* args HUEARRAERSINRA "=1,2", "=%d,%d" ABEENSHETREN, BITSEILEERTFAvaluel # v
if (at_req_parse_args(args, "=%d,%d", &valuel, &value2) > 0)
{
/* BARMEMNTRE), BIBEIEE] AT Server HORE */
at_server_printfln("valuel : %d, value2 : %d", valuel, value2);
/* BRSBTS EARTE, RERITAZ) */
at_server_print_result(AT_RESULT_OK);
}
else
{
/* BARMTRM, BTSN EARTE, REGRGITRKBEERER */
at_server_print_result(AT_RESULT_PARSE_FAILE);
}
return 0;
}

/* A0 "ATHTEST" d54% AT @431k, LS ¥RIAMANLIESE <valuel> 1 <value2> */
AT_CMD_EXPORT("AT+TEST", =<valuel>,<value2>, NULL, NULL, at_test_setup, NULL);

BEMEXED

AT Server BRIAE RS MEMGS (ATE, ATZ %) , ERESDaSHREI SEG
HEEEX, EEAFEEXIY, AT AHIRER src/at_client.c XHPRLEH THREXH
RISSERBE X, AFFIENEPFEBEXGSIN T RETHBERED, hallEEEX
HRE s R BT B HEE O,

1. IRBERRIHEM
void at_port_reset(void);

ZER TR SR ERINRE, AT AT Server REREA S AT+RST RISCIR,

2. 1REMRE L R E RIS
void at_port_factory_reset(void);

ZERETEMIREMRE L 1RETINEE, AT AT Server RERtEE< ATZ BISEIL,
3. HEEMATRMEG LR (gec iR, keil, iar BT )

TiRREER gcc TR, FEEEMATIRI AT BR335SR MY section , &
EIN T oM
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/* Constant data goes into FLASH */
.rodata :

{

/* section information for RT-thread AT package */
. = ALIGN(4);
__rtatcmdtab_start = .;
KEEP(*(RtAtCmdTab))
__rtatcmdtab_end = .;
. = ALIGN(4);
} > CODE

14.4 AT Client

14.4.1 AT Clientid&
SFEAMER AT L4809 AT Client HEERFEZEE rtconfig.h PFEX W TEE:

#define RT_USING_AT

#idefine AT_USING_CLIENT

#define AT_CLIENT_DEVICE "uart2"
#define AT_CLIENT_RECV_BUFF_LEN 512
#define AT_USING_CLI

* RT_USING_AT: FFFH/BENKA AT LA ;

* AT_USING_CLIENT: F3FFF /2 AT Client Ih&E;

« AT_CLIENT_DEVICE: JENi%#& L AT Client THEEFERME DBEINIRESMWEM, BEFEX
WERBIREME—, XBFERR vart2 iR&;

o AT_CLIENT_RECV_BUFF_LEN: ZE X AT Client iR @R KIZWEIRNKE;

« AT_USING_CLI: AFABRHXAZFIHGLSITIREER,

L EEEED ] UWERE rtconfig.h XEHRMER, tbr]ETLEAHBEETR
ENV EEEEDUNA, ENV REFEEZIT:

RT-Thread Components --->
Network --->
AT commands --->

[*] Enable AT commands
[ 1 Enable debug log output
[ 1 Enable AT commands server
[*] Enable AT commands client
(uart2) Client device name
(512)  The maximum length of client data accepted
[*] Enable command-line interface for AT commands
[ 1 Enable print RAW format AT command communication data

AINE BT Z AR AMERGSITEREMTIE, fEM scons KiFtFTTHRIFLEM,
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14.4.2 AT Client #J%81t

EREHE AT CienticEZfa, FEERMNHNNEHEITHIIENL, FB AT client TNgE, Il
REFHELERTHEAEEMWSRIL, WABFEFIIMNETRIRNWSGL, SWFEEES
LESPIRAW T ERL:

int at_client_init(void);

AT Client #13a{LERE, BT NRAEERL, FEAEER AT Client THAEELEER AT Client
CLI Ih&ERTiAR, at_client_init BREXSERLIT AT Client i & ¥]%41k. AT Client BiEREAVVILA
€. AT Client EARESE. ERFRUFHRIENGENL, HEIE at_client L&FZFH T AT Client
FREUERI USRI RRAT BA R 3T URC $UBAIALIE,

1443 FIBWEAD

AT Client EEIEERKRIEX AT 3%, BB HABNTEIE, TEREX AT Client BiER
W RERRAIESRENE,
BREMAREN :

struct at_response

{

char *buf;

rt_size t buf_size;

rt_size_t line_num;
rt_size_t line_counts;

rt_int32_t timeout;
¥

typedef struct at_response *at_response_t;

AT LA, ZEMRETEX — AT Server MR IBAVIEFIR, BT EKRERE
AT Server iRBIFEHIER BN, HFP buf BTFEFHRIZWEINMNEE, EEMRE buf
FROBBEHARREMNEKE, MERRMABIEERRERS ( “\n\n” ) BEIE, buf
RETHRIEN 0 28, HERITHRIEIE, buf_size HAFBEXARMMNRAZ
BOERERRENKE, BAFPREECHSROBERKEEX, line_nun IAFBEXKA
RMEBEFEZRRITH, NRLBITHRREFKAIAEN 0, line_counts BFicx
XM EHESITE, timeout J R BE XBYZA XN R £ S KM A (8], X 45 MR R
buf_size, line_num, timeout =ANSHAMFIFHF, EEMKEIERIZRE, HSBAF
BEBIESE, BT EERIERTT,

X APL #EONAE:
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ellfe DI VEET AL

at_response_t at_create_resp(rt_size_t buf_size, rt_size_t line_num, rt_int32_t timeout);

ZEBATLIREE XHNMNBIRREN, BT EEERKH BT LER< IR EE,

2 ETpu
buf_size AR B A SZ PR ISR K E
line_num AR FHEER B IEETE, TRRMRNEERTLIS ERO

, MRl “OK” 3§ “ERROR” HIEELRARMIAIIFZEUL &KX
F 0, BWEHRNRETSHEERIR@AAI

timeout ZOR NN F R ER KRBT (8], B UL B AR O] F51R
iRM@ A
1= NULL FRIh, IR[E3E BN SRR 3E £
= NULL KW, RELRRE
i) B P iz £ 44 4K

void at_delete_resp(at_response_t resp);

ZER AT HFREIZAIMNEMAITR, —HRS at_create_resp SIEREREALIT L,

28 ik
resp A BR[O N 45 M (AR FE £

REMRNEIRSE

at_response_t at_resp_set_info(at_response_t resp, rt_size_t buf_size, rt_size_t line_num, rt_int32_t timeout);

ZERYATRECEKLIENMNEHRER, EERENMNLBENREIER, —/RA
TRIBEMRZIE, &iX AT a5 ZHl,

S8 iR
resp [REZSelFELO] ) VERT (AL SR
buf_size AR MR B K 2 AR ISR KE
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line_num RN FEREBIEATE, TRRMIEERTLID ERO
, MEEWE] “OK” 3 “ERROR” #IEELRAIRMAIEIL &KX
F 0, BESRMREITSHRERRREIAI

timeout AR MR E R ER A NI A 8], #MIEREEUEERTIR B IR
IR [0 iR
I= NULL FRIN, R [EIFE @0 R 454 R R 1E
= NULL KXW, RERE
RiIEmLF RN
rt_err_t at_exec_cmd(at_response_t resp, const char *cmd_expr, ...);

ZERE T AT Client £i%5< 3| AT Server, FHESFEWMN, B resp EEL6IE
FEOMI R EMIRRYIE ST, AT SSMERLRERAXMITTSHA, AGONEELRS
/IJ\\DDFID < é*ﬁ?—.r °

S8 iR
resp BRI N L5 AR TE £
cmd_expr BEMMAGRSHRAR
MAGLRIEIIR, ATEESHK

R iR

>=0 R Ih

-1 £

-2 KK, BRI N B

AISEL TR THRINFEERL LTI AT S A EXEER:

/*

* FEFFIBE AT ClientRIXdy IR 5172
*

/

#include <rtthread.h>
#include <at.h>  /* AT ZH#ESrf */

int at_client_send(int argc, char **argv)

{
at_response_t resp = RT_NULL;

if (argc = 2)
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LOG_E("at_cli_send [command] - AT client send commands to AT server.");
return -RT_ERROR;

/* BIEIMNVEME, RERATFBNEGELER 512 F0, WNEERTEHICRS], @RISR 5 & */
resp = at_create_resp(512, 0, rt_tick_from_millisecond(5000));
if (!resp)
{
LOG_E("No memory for response structure!");
return -RT_ENOMEM;

/* K& AT 43R AT Server TN ¥iE, ¥UERIZEIFRIE resp Ak */
if (at_exec_cmd(resp, argv[1]) !'= RT_EOK)
{
LOG_E("AT client send commands failed, response error or timeout !");
return -ET_ERROR;

/* A RIEREN */
LOG_D("AT Client send commands to AT Server success!");

/* BRI N LER R */
at_delete_resp(resp);

return RT_EOK;
}
#ifdef FINSH_USING_MSH
#include <finsh.h>
/* HH at_clinet_send eR%4ZE!) msh & */
MSH_CMD_EXPORT(at_clinet_send, AT Client send commands to AT Server and get response data);
#endif

REMBEWBENIURELLRER, TEEW AT Client EMROIREMNIEE R
1, FIREMEXITHIBAREFIMALE, EFEIENE, EERATHEEZEEIE resp
R 45 R RME A at_exec_cmd ERERFTEURAVIEIR, 2 at_exec_cmd EREX{EA resp Ja NULL
B BB AR & X EIB AR E BRI N B E R B 45 R,

14.4.4 BIRERERHIV

HIREERNZE, SENMMNAKIEHITHERITLIE, Xt AT Client EZRIINEE
—, AT Client PEIBFMBMIRHBEE XBHRAXMWBIAEN, ERMEBEEERREN
sscanf BBiT1EE, AAEFTUBEEEXHERTIRAXBEZWNKBPERESR, fi
BRALAEZERNEERXFM T AT Client iEIEH AT Server & & MM IBRHESER,
TEEI LA RLEFNEIFZREER AT Client IR

X API E0:
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FRENFE E 1T S HIM N &R

const char *at_resp_get_line(at_response_t resp, rt_size_t resp_line);

ZER AT AT Server MM EHEFREGFEETSH—1THIE, 1TSRUNERES
FFRFIMTHY, EREIXFIFWEL at_exec_cmd BRI IR EIBA TS #HTIER L
BIFHRT resp MNLEMAR, XEATUEBRRINNITSHRIERGER.

28 T::pU
resp B N 5 IR R £t
resp_line EERNBIENITS
iR iR
I= NULL PRI, IREINRITTS IR
= NULL KW, BWMAITSHIR

IREVIE E 1T SHIM AL ENHE

const char *at_resp_get_line_by_kw(at_response_t resp, const char *keyword);

R B T7E AT Server ML £ APIEIT X 58 5 SR BN R B9 — 1T 2838

28 iR

resp E)VESE AL =Eay
keyword KBFER

R [E T::pU
I= NULL ALIf, R[EINN1TS EERIEE
= NULL KW, REXFRBFER

AT ETT SRR AR

int at_resp_parse_line_args(at_response_t resp, rt_size_t resp_line, const char *resp_expr, ...);

ZER AT AT Server MR &IE FHIRENIEE TS B — TR, FBMZITRETNS
58
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14.4%5 AT Client

S8 iR
resp O] Nz £5 AR FE £
resp_line FERTRIENITS
resp_expr BEXHEBM@TRIAN
T BRIIR, NS
iR iR
>0 ALIf, R[EIREMTRLINAIS BN
=0 K, ELSEHBITRIANNSE
-1 KW, SEEBITHER

REATIEE R B TR N B4

int at_resp_parse_line_args_by_kw(at_response_t resp, const char *keyword, const char *resp_expr, ...);

ZER AT TE AT Server M £1E PIRENEL 2 X BFHI— TR, HBIMZITRIERH

S8 R
resp EIVEET ALY =3y
keyword XBFER
resp_expr BE XS HERRAR

EITSRIIR, ARIESH

R ETBU

>0 BRI, R[EIREMTRLINEIS MK

=0 K, TLSEHBTRIAINSH
-1 K, SWREITHEIR

FURRRATIB IR E RN E sscanf BBITIEE, BENABHERZ, ARETURITHRER
fETER, XEERAMANFIENAERERTE,

B OB E R R
B PR RIEBEE:

AT+UART?
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= P im3R EX AN B £ -

UART=115200,8,1,@,0\r\n
0K\r\n

T HRIEEN T

/* QIR RN LMK, 64 A FEEUERBUERAKE */
resp = at_create_resp(64, 0, rt_tick_from_millisecond(5000));

/* RIEPIRRIRS 25, FHRWInNBIRFRAE resp GEMk+ */
at_exec_cmd(resp, "AT+UART?");

/* TR OREEER, 1 RJRBITInNEBIESE—1T, "W [\=]1"RR2BEES ZHREIE */
at_resp_parse_line_args(resp, 1,"%*["=]=%d,%d,%d,%d,%d", &baudrate, &databits,
&stopbits, &parity, &control); //
printf("baudrate=%d, databits=%d, stopbits=%d, parity=%d, control=%d\\n",
baudrate, databits, stopbits, parity, control);

/* MR AR S 2RNE N L5 */
at_delete_resp(resp);

IPFOIMACHE 1t 24 7= 151
= Pin & XM EIE:

AT+IPMAC?

R 55 233K EX B N £ 47 -

IP=192.168.1.10\r\n
MAC=12:34:56:78:9a:bc\r\n
OK\r\n

fEMT ARSI

/* BIRRE 2RI LMK, 128 hF FEE EREURRAKE */
resp = at_create_resp(128, 0, rt_tick_from_millisecond(5000));

at_exec_cmd(resp, "AT+IPMAC?");

/* BREXMEMEREN, BT AETSBIEPRER ¥/

at_resp_parse_line_args(resp, 1,"IP=%s", ip);
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at_resp_parse_line_args(resp, 2,"MAC=%s", mac);
printf("IP=%s, MAC=%s\n", ip, mac);

at_delete_resp(resp);

BRI R BETHRIATRARNNERE X, ERANTF AT IREMNWNKE, FEIRES
[TRAEGSHNBIERNAME—, FIANREREEEXBIREANNEAKERTZE
B, at_resp_parse_line_args TSR AN ITTE T sscanf HIFMBFTAX, ALREFER
ZRIREATHRERNBNEE, BESWNAERITSENRBITEEL IRALREFEE
RATEIASE, FICAER{ER at_resp_get_line MR —1THI R A EIE.

14.4.5 URC #UiEALIE

URC BUBRIALIER AT Clinet 3—MNEZEINEE, URC BB ARBB[BEMN T RIVEBIE,
fEIBIT FIRMIBE R X EIRERBIEWR, FENFAREIRSE URC BUBENFINGER—+, FIA
URC BB A NEREZAFEE XEUM, AT AEH3% URC BIBHGIBRHIIRE
BEAIN, AFPETEEXHRIN URC BUBFIEPITRIMZIFIEYIZRP, FTBAURC MR
&= AT Client WEERETE,

AR

struct at_urc
{

const char *cmd_prefix;

const char *cmd_suffix;

void (*func)(const char *data, rt_size_t size);
b

typedef struct at_urc *at_urc_t;

T URC IEERE —NEMRIZHIR, BT EXFIET URC MIEMRRMNESR, UKk
URC #iERIMITERE, —REIERBTELE URC MBIRINEE A BEE X9 URC R, 3%
ERZILECH) URC BIEE R AMIT URC BIEMITER L. FAAFLRERIMN— URC BIEF
ZEEXMLEMRR. REMNITERLS,

URC REFIRH IR

void at_set_urc_table(const struct at_urc *table, rt_size_t size);

ZERBAT VIR REBE XK URC BiRTIR, EZEE AT Client BIERHER.

28 A
table URC BURBLEMIRELATE
size URC #URRINEL

THELH AT Client BEEAKRG], ZRFIFTERR at_client_port_init() BIEE
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R URC IR ERLIEAN, AAEVTEENAIBECHBEXXHT, EBE XIELE
IWINAE, TR AT Client H9#8HE,

static void urc_conn_func(const char *data, rt_size_t size)

{
/* WIFD EHAINMER */
LOG_D("AT Server device WIFI connect success!");
}
static void urc_recv_func(const char *data, rt_size_t size)
{
/* FWERIIRS S R IEX AR X/
LOG_D("AT Client receive AT Server data!");
}

static void urc_func(const char *data, rt_size_t size)
{

/* RE&RBNMEE */

LOG_D("AT Server device startup!");

static struct at_urc urc_table[] = {
{"WIFI CONNECTED", "\r\n", urc_conn_func},
{"+RECV", e, urc_recv_func},
{"RDY", "\r\n", urc_func},

¥

int at_client_port_init(void)

{
/* BZF URC $IEZE URC 313, Y ZIRIBSULAS URC Brgiil/agim%uE, 4T URC Rk
at_set_urc_table(urc_table, sizeof(urc_table) / sizeof(urc_table[0]));
return RT_EOK;

}

14.4.6 Efth API EONA
ELIRIEEKERURE

rt_size_t at_client_send(const char *buf, rt_size_t size);

Z R EF F181T AT Client 18 & & XIBEKEEIEER AT Server i%&, SHT AT Socket

W
Xf)q)t
i
Bt
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buf REBURIETT
size RIEHIENKE
IR[E Pt
>0 I, REI&EMINFIEIERKE
<=0 E
ERIEEKEHE

rt_size_t at_client_recv(char *buf, rt_size_t size);

ZERBATEL AT Client iR Z WIS EKENEIE, Z BT AT Socket INEE, 1

HEEFE URC ElIALIRR P ER.

S8 A
buf EWEIRAIIE S
size RAZHEWRIENKE
iRM@ AR
>0 FRIN, IREEURLINFVEIRIKE
<=0 0
BEEXEN

int at_client_port_init(void);

ZERE A AT Client BIEYALERL,

URC BUESIRIHI TR

RT-Thread 3.0.0

FEAL T B AT Client F9i81E, ZRBPEEN
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F15=
IWIP - 42BITCP/IPPiN 4%

15.1 &N

IWIP ( light-weight IP)&¥] M 3m8 t+ B F Z P ( Swedish Institute of Computer Sci-
ence ) BJAdam DunkelsFF %, B7EMKieran MansleyNS— M 2RA R FARF L, HiF
HN—ERTFHRARNRZZENFAFREXBTCP/IPIMNR, EEBSTEMNTCPHMYAIER £3CI
TN FRSA, BELE+THSEETHAZIRARIEEY, HSANERAETRRAMAHE
J9J1+kB, ROMK1#:A40KB,

IWIPZE#IKE ST, TNEETE, AMA PR A Z, RT-Thread SERHRERAMRAT
IWIP A BRIARITCP/IPH N, EIERIRIE/NENZ ST R IWIPHIT T BRI, EEEIR
SRAGRRE—SHLE/N, RAM B9 S RPT48/\2I5kBRHA ( Rit& _EER FAERTCP/IPIMY AT
MZEESHEE) . ZEATEREHRIWIPTERT-Thread REYERT5iE,

FEHE (WBIWIPEAMIE) :

« fpi¥: IP, ICMP, UDP, TCP, IGMP, ARP, PPP0oS, PPPoE

* DHCP client, DNS client, AutoIP/APIPA(Zeroconf), SNMP agent(private MIB sup-
port)

« APIs: | JEtIIEBIRMEEESCIMAYAPIIEO, BIiEAIZEBSDAYSocket APL,

« EERAES BPNRNEROMIPEL, TCPHZERSI, RTTERMEMEE, RiEREF
RIEEE

15.2 XS E

ARERRMWMOSIEEEAFARNEE, ERMEMNRABBNEE LS ATIE, BR
KFRZAPHARKEERE, —MARBIERSEEE, NT: YMEER: —REEY
BIRY, BIES, KESH, TEWNTFPHYISR, PHYSAIGHIBEXAMIEEN (R45
BE->3NERL% ) , SHE:

« BIBHERRE: —MERFAMACE, BAMACGEHATFXE, WHFRBFMEIR
R, PREEEX—FE—MHZR “CARRm”

« MKE: WNFREBFRIPE,

- fBHIE: WNTFRBRTCPE,

s AR WEFRBRNAELHE, BISOCKETEE, recv()/send()IEHE.


http://savannah.nongnu.org/projects/lwip/

15.3% IWIPREE 18K E RT-Thread4wf215/

1. R._Mﬁﬂéﬁ-tif
F'H-‘Tr.ll_n ﬂi’ﬁif EE.E% n :}LEE%

15.1: ¥EE

TWF—NUKMEIEE, BAMERBREESEINEIEIERS, D3NN EEE. W
®E. fEE. MARE, MTE:

LA Ped i S 1P TCP ERAE (HTTPEEAH )

15.2: BAXM B8

E: BIAMMESEZRE-T, ARTIKEIEIE, R -1 TBINESSELME
BE, WHRHZA “CARM” ; HEFUKMSLZLAIPE, #Zh“wmmm(wﬂﬁ
)" ; YEEFFIPLIBATCPE, #izH “TCP Segment (TCPHA ) " ; HRFFTCPLATE
KNABE, #FiHilsocketBIEBRIMEIET .

MR EMNIRITHER —MMNZTTSSMMIAE, BXMARNT, BMMNYFTUSEH
X, BEAFH. A8 Fuﬁ,%FEMLﬂTﬁ KEMEFIIMEETE, hTR
FRIXLE@E, XA RELEANIHET ] AEEMMIMNYEE, BRVIVEE, REEEMNER
THRESEEHRE,

REBDRITCP/IPI AL SEIME N AR 2R E Z B ERE BT RS EijiT, AMKEHS
LU BERX, BEASHIRERAT, MENEKEMXBSRIEAZNAZPEE —IE
(B ROSAZII—ERS ) , NRZIRIAOS (APD) ENAEN#HEEE. e, NARER
BN A RTCP/IPIH AR — MR, FRAXODKEENMET, WFZHESOCKETNRSZ, HiE
fEFSOCKET#H1TMLZBISENT], XLREERFIEHIORMIRIEERARK, XEIRERNATE
FNIERE—FZEN, tbtlEEERbufferEh g, MNBAELENbuffer—ZATEl, WR
ENRABEE S BIBNEER, MERL/HEEbufferfEingE AR PEXR,

ERNRGHR, —RASTIEHERZARBEFPEIN—ERPRE, MLNEER
ANERREAE (REERZFR, SAZEZERT ) WARBERWNSREBEE, B8k
W, NABRMERKEERNEPLLIENS], HLk, NAEFTUESRIERbuffer, BEARN
AR UK EERR—ERNT, X o] AT & N a KA H,

15.3  IWIPRNEE™=BHINE

RIER RIS TCP/IPRIARAESLI] — MRER RIS E, XXM IWIPHIIRITSSEMEHR TIES
BEX. S8MMUEA— P BRMRR, REH—LAPHEAIMNMIALOR, REXLHINES
Wi, BR—ERE (MMXZIE) B8 TFENSENE, IEMERNTRSLENER
MAFHNSA. bl ETCPHARIRXF, ATHETCPRIEFM, BAIFZMEIPHINE
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BUIRIPHAEFN B AIPHLE, —RRFATSMIE—NMOBIIPL (B EIPHIHERS ) , MEML
% B BEI PN E IR AIAPIE SRIFIX LLIP L, (ERIWIPREEIHEIRIAIIPSL, KA
RIS EIIPtLL,

15.4 H#HIZFRE (process model )

BAF4FprocessEliZn “#f2" RREFIHAAIEA, EARBRIOSHLFTEEARLKTE,

TCP/IPHYEFRRBL R] AR T AT FMR: (SRR UREMEIRE) 1. BEMMH
WEME R — NI REIREIRTT, ZMANNTFAETRIBSTEENREL, BFERERT
Zz%, BRERNEIE—EN, S#FEET XL TXWHR (BASEMEEREN
HER) , HIRFRAER, L TXUNRFEEFTIRLRK, 2. WIPERRERRER, A
M NERRITE —NERRR, FESRMERAARES N, NATEFFICAFEEAEIWIPHE
PHESTE—INDBHER, HJNARFSIWIPE—MERER, MHNEINNAREERE
W R EIE AR,

XEMTESBMRS, WIPZFETE—10 B, RRi#EER, RERAZES
TARENRERARE, AE? SAZBERN. ATERERE, WIPIHT —EERFERA
BRIE, AEXWUXEEMRANEBBBENERTEMRTR T, T —ERNBEERRR
M=,

15.5 EREZRGIENZE (OS emulation layer)

NERRIERSE, REAREENG, mMEAXLBENTESMBARRE, BINRIER
FIRIE, FRERREXINERBIBIBEEMREX—BEP (WRFBsys.c/h) , X
—ERAENEIZIWIPEE, EHY, SR, 58, WESHEXNERY, WF:

// Creates a new thread

sys_thread_t sys_thread_new(const char *name, lwip_thread_fn thread,
void *arg, int stacksize, int prio);

/** Create a new mutex

* @param mutex pointer to the mutex to create

* @return a new mutex */

err_t sys_mutex_new(sys_mutex_t *mutex);

/** Delete a semaphore

* @param mutex the mutex to delete */

void sys_mutex_free(sys_mutex_t *mutex);

#ifndef sys_msleep

void sys_msleep(u32_t ms); /* only has a (close to) 1 jiffy resolution. */

#endif

/* Mailbox functions. */

/** Create a new mbox of specified size

* @param mbox pointer to the mbox to create

* @param size (miminum) number of messages in this mbox

* @return ERR_OK if successful, another err_t otherwise */

err_t sys_mbox_new(sys_mbox_t *mbox, int size);

—fRIER, BEDIEMBFERE LN, KWXLEZEOM], EREXMMNBELERLT
FEM—LETRIE, BARN— M BENSIIIEERT-Thread R Fsys.c/hilE IR,
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15.67 RT-Thread ¥ #9IwIP RT-Thread4wi2iEm

15.6 RT-Thread™EJIwIP

HFRERNIWIPEES FELRIERAMIEN TIEIT, FILART-ThreadZEFBHEIWIPRYE
FEPIRIERT-ThreadiV4F R 1T T EH AR, HEMWTEFRR:

RT-ThreadiZ2{ER A HFRIIWIPRMIWIP R FRRIGHRABIEIL R, ABRRIMNTIRERUE
WERMNBRNE, RETFEIR, XERT-Thread ¥ F KM EIEAIU L KA T ML AL TR
(erx 2 5etx4kig ) 45

o erxZR T2 AT LA AR R SR UR— 2 DA K R RE (4 1% & UK Bl P 48 #R 2 7= S FR B, HR B
RSB GIRE BT AR X B erx & 2, 1berxZR T2 X a7 AR R ST UK BT
12, HerxERWEIBHMMERN G, EEIEBFEIA N BEINLLWIPHIELTE (tcps
2);

(MR IZIRIEN 2@ L A N R EEetx X T2 ITLPREI AR MIEH B A, EEE
BT, erx&i2fletxXENRERZERERN, AR AIURIEESXMRERH#ITMIA
DAMIEE 12 IR & 3%,

15.6.1 IwWIPhRRA

RT-Thread WIPEZ=AMRA, 250K “1327 , “1.417, 202" , 7ERT-Thread
3.0MRAREINSIER “2.0.2" WA, WIPHBEKIRASEE R BEsrc/include/Iwip/init.h
h&EiE, T

/** X.x.x: Major version of the stack */

#define LWIP_VERSION MAJOR U
/** x.X.x: Minor version of the stack */
#define LWIP_VERSION_MINOR 4U

/** x.x.X: Revision of the stack */
#define LWIP_VERSION REVISION 1U

RT-Threadi@it BRI EE AWM RARIWIP, BERT-ThreadiIBRRERENE —REER2(E
FisconsT A (FElinux FImake T & ) £mINE T FEXH (MDKIE, IARTES ) HEIbE
BMNRARIIIERFEE T —NSConscript i, ZXHFXRBSHENMRMAR TIEX
5, BAwIP1.4.15089SConscriptJafil :

group = DefineGroup('LwIP', src, depend = ['RT_USING_LWIP', 'RT_USING_LWIP141'], CPPPATH = path)

AKRFLABRIMA XA TR B XA #HS (RT_USING_LWIP, RT_USING_LWIP141)
WANZE, XA NEERT-Thread R M rtconfig.h/, iXAXESEFRIINE ( & 14BSP.
FEREX) , =F “bsp” BRFEM—NXXERERE LA rtconfig.h, teAHmMenu-
configlic & f5 4 A X Rz Artconfig.h Sk 324,

15.6.2 RT-Thread M4 iZHEIE

RT-ThreadE—EEHCHIREESR, XBRE—/NERMNER, BRESE (RT-Thread
BIZIEEMEAE-I/0IRREIE) , SJLATERT-Thread \[ 05 3%Z], RT-Thread P EEES
%&, ATEMENANIZESEILLE, FHERANRMNBRFEEMEMT —1E,
BEFIAN “BER" , RELZFEREMIZEE, W: WEIREL, FMHLSE. HRIRE
= il

K, BMRELRSFSE, EMNNXAENT:

290 RT-Thread 3.0.0


https://github.com/RT-Thread/rt-thread/tree/master/components/net
http://www.rt-thread.org/dokuwiki/doku.php?id=rt-thread%E4%B8%AD%E7%9A%84scons%E4%BD%BF%E7%94%A8%E8%AF%A6%E8%A7%A3
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Bt object

[}

W2 device

enum rt_device_class_type type;

rt_em_t (Minit) (rt_device_t dev);
rt_em_t ("open) (t_device_t dev, rt_uint16_t oflag);
_err_t (*close) (i_device_t dev);

— =

[TEataE FHER
M network interface for lwip 7 + attributel:type = defaultValue
struct netif *netif, + attributeZ:type
- attribute3:type

+ operationt (params):returnType
- operation2(params)
- operation3()

struct phuf* (*eth_rx)(rt_device_t dev);
rt_err_t ("eth_tx)(_device_t dev, struct pbuf* p);

WWW.PTOCESSON.Com

B 15.3: RTTIREHE X R

PRELZEDASN, EfthZfRBEERMESANM LT SELXAFNBEMMED, LuiR&ER
FURIDT BEQBMIREVIRIL, A, XANBROMRSLENEL.

BT EXMESEEHRT-Thread RIREAEIE, RT-ThreadhBE—NE, BEEAE—
MR (E5. #fFE. 88, TR ) PET MR (BEMAEHRT ), WIF:

struct rt_object_information

{
enum rt_object_class_type type; /**< object class type*/
rt_list_t object_list; /**< object list */
rt_size_t object_size; /**< object size */

b

struct rt_object_information rt_object_container[RT_Object_Class_Unknown] =

{

/* initialize object container - thread */

{
RT_Object_Class_Thread, _OBJ_CONTAINER_LIST_INIT(RT_Object_Class_Thread),
sizeof(struct rt_thread)

H
#ifdef RT_USING_SEMAPHORE
/* initialize object container - semaphore */

{
RT_Object_Class_Semaphore,
_OBJ_CONTAINER_LIST_INIT(RT_Object_Class_Semaphore),
sizeof(struct rt_semaphore)
b
#endif

#ifdef RT_USING_MUTEX
/* initialize object container - mutex */

{
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RT_Object_Class_Mutex, _OBJ_CONTAINER_LIST_INIT(RT_Object_Class_Mutex),
sizeof(struct rt_mutex)

}
#endif

#ifdef RT_USING_EVENT

/* initialize object container - event */

{

RT_Object_Class_Event, _OBJ_CONTAINER_LIST_INIT(RT_Object_Class_Event),
sizeof(struct rt_event)

+
#endif
#ifdef RT_USING_MAILBOX

/* initialize object container - mailbox */

{

RT_Object_Class_MailBox, _0BJ_CONTAINER_LIST_INIT(RT_Object_Class_MailBox),
sizeof(struct rt_mailbox)

+
#endif
#ifdef RT_USING_MESSAGEQUEUE

/* initialize object container - message queue */

{

RT_Object_Class_MessageQueue,

_OBJ_CONTAINER_LIST_INIT(RT_Object_Class_MessageQueue),
sizeof(struct rt_messagequeue)

+
#endif

#ifdef RT_USING_MEMHEAP
/* initialize object container - memory heap */

{

RT_Object_Class_MemHeap, _OBJ_CONTAINER_LIST_INIT(RT_Object_Class_MemHeap),
sizeof(struct rt_memheap)

H
#endif

#ifdef RT_USING_MEMPOOL
/* initialize object container - memory pool */

{

RT_Object_Class_MemPool, _OBJ_CONTAINER_LIST_INIT(RT_Object_Class_MemPool),
sizeof(struct rt_mempool)

}
#endif

#ifdef RT_USING_DEVICE
/* initialize object container - device */

{

RT_Object_Class_Device, _OBJ_CONTAINER_LIST_INIT(RT_Object_Class_Device),
sizeof(struct rt_device)
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b
#endif
/* initialize object container - timer */
{
RT_Object_Class_Timer, _OBJ_CONTAINER_LIST_INIT(RT_Object_Class_Timer),
sizeof(struct rt_timer)
h

#ifdef RT_USING_MODULE
/* initialize object container - module */

RT_Object_Class_Module, _OBJ_CONTAINER_LIST_INIT(RT_Object_Class_Module),
sizeof(struct rt_module)
b
#endif
b

BKitiff, RT-Thread {EHR—MERREIFFABEMNIRSE, HEEEREFIMEE
B, BEBIREZRINBIN MAOHERAP ( HAWMMARM, RT-ThreadiZ Mt THEMMWZED ), W0
REWNKBATHE, GREAMNERADNBEETE (BRHANRSEFRIKE, RIEHAFNE
X))

P40 P+ 1

Header WWW RTOCESSON.Com

15.4: RTTMRIRZETE
MNERETH, HRAREZIRENRE, BEEERXNEERET],

15.6.3 RT-Thread IWIPELETS(Y,

« FEREE, Bsys./hFREOSSHMEARANBEILEMRTR T, BONIEEFTESR
ZRT-Thread RIWIPIXZB R IRIB SIWIPE HRVEBM—ILE, ABRES%&WRT-Thread
Em— “arch” BR, ZMARKBEIEIUTHERIINESE. ERY. BFE
Fsys.hXhpEEO, ZIMRT-Thread RIFEZR LB SEI T IWIPRIFIIAREC TIE, 40
D

/**

* LwIP system initialization
*/

void lwip_system_init(void)

{

rt_err_t rc;
struct rt_semaphore done_sem;
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/* set default netif to NULL */
netif_default = RT_NULL;

/] A= SE
rc = rt_sem_init(&done_sem, "done", 0, RT_IPC_FLAG_FIFO0);

if (rc !'= RT_EOK)
{
LWIP_ASSERT("Failed to create semaphore", 0);

return;

/] XEREERES, A sys_thread_new() ) WIPZFE, FF[EIAtcpip_init_done_callback ()& HM K%
tepip_init(tcpip_init_done_callback, (void *)&done_sem);

/ /% Ftcpip_init_done_callback () ¥4 Te Ak

/* waiting for initialization done */

if (rt_sem_take(&done_sem, RT_WAITING_FOREVER) != RT_EOK)
{

rt_sem_detach(&done_sem);

return;
}
/] B ESENRGERESEX RAERT Bk

rt_sem_detach(&done_sem);

/* set default ip address */

#if 'LWIP_DHCP //#NZRKJZADHCP, BIRIR(EMAFHEIP, NECEBIAM-RAGIP, FMHD, M
if (netif_default != RT_NULL) // E@EHEZIE, NSRBI AGOAFRITM MRS, XEPAARIHARNIT,
{

struct ip_addr ipaddr, netmask, gw;

IP4_ADDR(&ipaddr, RT_LWIP_IPADDR@, RT_LWIP_IPADDR1, RT_LWIP_IPADDR2,
RT_LWIP_IPADDR3);

IP4_ADDR(&gw, RT_LWIP_GWADDRO, RT_LWIP_GWADDR1, RT_LWIP_GWADDR2,
RT_LWIP_GWADDR3);

IP4_ADDR(&netmask, RT_LWIP_MSKADDR@, RT_LWIP_MSKADDR1, RT_LWIP_MSKADDRZ,
RT_LWIP_MSKADDR3);

netifapi_netif_set_addr(netif_default, &ipaddr, &netmask, &gw);

}
#endif

}
XEABENERELERNAN, KRIESEABZ LR,
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« BAETERT-Thread R T A IWIPHI AL FI I IWIPE 2R TF IR B ABRY, B REILD
W ENREIE, RAVIEIARREE, MAEEEEA RN, XIFFEHE]
RT-Thread & BIAIIR I R IXE, XEBSTRIBIAIELSYN T E:

ﬁ@ﬁ€7m§:2>
UEEEEL
FIEIEENE 4
— R
- rel—e-|  [WIPEEIE | 3O, A
SOCKETY $IR IR
O
Wmesie . A
T EIRE L
k r L ] L |

WWW.Drocesson.com

15.5: RTTY & B1ig 1T

HUteT#0, RT-Thread PR IWIPRAEREZGAE=/""ZDOLZEK: 1. QIBRLREL
12, 1A Oeth_system_device_init(), 2. M<Kz, AAMTHIRLELE, FHMN
+i8&. (RN AREEMAEORBETEARR ) 3. #1RLIwIP, BIEIWIPLIE, AAEO
lwip_sys_init() ( SEFRIAAAIIwWip_system_init() ) .

ZEit, =AMTREMZE, NARETUEZESINRET,

15.6.4 RT-Thread IWIPFEx{Xi5%h 781 BR

AIE B£8R Kidlwip_system_init), HRFAFLEMFIREN, B—a2¥REIE
(AMEYIAMLIP, FMEE, MXEF) BARHETH, LRIWIPLIEEZEIE, IREE
MONFEW, BARAANRERNNFIRE, MEMTRZP, MFIREVRLN, SRR
gEEM, LAM-FIRZ RN AL T, BART-Thread M O FF & #x M 3R h 5172 F 1,
SEUTRE:

#ifdef USING_MACO
/* set autonegotiation mode */
fm3_emac_device®.phy_mode = EMAC_PHY_AUTO;
fm3_emac_device@.FM3_ETHERNET_MAC = FM3_ETHERNET_MAC@;
fm3_emac_device®.ETHER_MAC_IRQ = ETHER_MAC@_IRQn;

// OUI 00-00-0E FUJITSU LIMITED
fm3_emac_device@.dev_addr[0] = 0x00;
fm3_emac_device@.dev_addr[1] = 0x00;
fm3_emac_device@.dev_addr[2] = 0xOE;
/* set mac address: (only for test) */
fm3_emac_device@.dev_addr[3] = 0x12;
fm3_emac_device@.dev_addr[4] = 0x34;
fm3_emac_device@.dev_addr[5] = 0x56;

fm3_emac_device@.parent.parent.init = fm3_emac_init;
fm3_emac_device@.parent.parent.open = fm3_emac_open;

RT-Thread 3.0.0 295


http://www.rt-thread.com/download/fm3/examples/

15.77 MRLRIZRHI RT-Thread4w72Em

fm3_emac_close;
fm3_emac_read;
fm3_emac_write;

fm3_emac_device@.parent.parent.close
fm3_emac_device®.parent.parent.read
fm3_emac_device@.parent.parent.write

fm3_emac_device@.parent.parent.control = fm3_emac_control;
fm3_emac_device®.parent.parent.user_data = RT_NULL;

fm3_emac_rx;

fm3_emac_device@.parent.eth_rx

fm3_emac_device@.parent.eth_tx = fm3_emac_tx;
/* init tx buffer free semaphore */
rt_sem_init(&fm3_emac_device®.tx_buf_free, "tx_buf@", EMAC_TXBUFNB,
RT_IPC_FLAG_FIFQ);
/] KRS, Rzhm REEMNRRE
eth_device_init(&(fm3_emac_device@.parent), "e0");
fendif /* #ifdef USING_MACO */

eth_device_init()if F eth_device_init_with_flag) & O ¥ 14t MEi8& (M EHRMNB
R, IP, TR, Mx, MFIRSERNLEMREEORNE ), HARAIMMEiL
&, 2L, BET UK MRENVIRCFIWIPEIVIIALIRF EikH 0,

15.7 MLEmIZRAl

15.7.1 UDP{ERRAI

THERE—NERT-Thread EfEEFBSD socketf& [ BIUDPRRSZ imfil 7, HEXMLRBIOA
ZIRT-ThreadBRE R 4R, EEMEfinshaS1TARM—Mudpservis <, Efinsh E#H 1T
udpserv()EEFENE] BE0X NUDPARSS I, 1% UDPARSSIRTENR 5000 £ #1T AR,

HIRSBIREWEI RN, ERIERIRITENEIIEHLER; MRKRSIHEWE exitFRFH
B, BRABRSIHIFREARS.

/*

* RBLEE  UDPARS-im i+

*/

#include <rtthread.h>

#include <lwip/sockets.h> /* {#FIBSD socket, FEZE A Esockets.hsk3ri */

void udpserv(void* paramemter)
{
int sock;
int bytes_read;
char *recv_data;
rt_uint32_t addr_len;
struct sockaddr_in server_addr, client_addr;

/* SRR AREIRER R */
recv_data = rt_malloc(1024);
if (recv_data == RT_NULL)
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/* PEAFRK, &BE */
rt_kprintf("No memory\n");
return;

/* GlEE—Asocket, ZEAYZSOCK_DGRAM, UDPZEHY */
if ((sock = socket(AF_INET, SOCK_DGRAM, 0)) == -1)
{

rt_kprintf("Socket error\n");

/* B BREEEZ S */
rt_free(recv_data);
return;

/* WA HAR S imHAE */

server_addr.sin_family = AF_INET;

server_addr.sin_port = htons(5000);

server_addr.sin_addr.s_addr = INADDR_ANY;
rt_memset(&(server_addr.sin_zero), 0, sizeof(server_addr.sin_zero));

/* HFE socketR R K it */
if (bind(sock, (struct sockaddr *) &server_addr, sizeof(struct sockaddr))

== -1)

{
/* GREHHER M */
rt_kprintf("Bind error\n");
/* BruEW RRBERZ T */
rt_free(recv_data);
return;

}

addr_len = sizeof(struct sockaddr);
rt_kprintf("UDPServer Waiting for client on port 5000...\n");

while (1)
{
/* MsocksPUsE R K 1024711 %R */
bytes_read = recvfrom(sock, recv_data, 1024, 0,
(struct sockaddr *) &client_addr, &addr_len);
/* UDPARETFTCP, BEARNSEIIWERBIERKANEDN, HIFRE T BNERF */

recv_data[bytes_read] = "\0'; /* JERim/5% */
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/* R REIE */

rt_kprintf("\n(%s , %d) said : ", inet_ntoa(client_addr.sin_addr),
ntohs(client_addr.sin_port));

rt_kprintf("%s", recv_data);

/* MR ERWEE R exit, IRE */

if (stremp(recv_data, "exit") == 0)

{
lwip_close(sock);
/* B BREEEZ I */
rt_free(recv_data);
break;
}
}
return;

#ifdef RT_USING_FINSH

#include <finsh.h>

/* it udpservegEaE|finsh shellsh */
FINSH_FUNCTION_EXPORT (udpserv, startup udp server);
#endif

THEZ%—A7ERT-Thread £{# A BSD socketiE O KIUDPE F i 5l 7, LXK
BINAZIRT-ThreadBt, Ex=B&Efinshds < TR M — Mudpclientds <, 7Efinsh E#1T
udpclient(url,port)E#4 BN E] BENiXANUDPE Fif, urliE 7iXNNE P imi& 2189 AR 55 im it
Weig R, portRMERAIFOS,

HUDPEFIRBIMGE, BIFELLIEZSX “Thisis UDP Client from RT-Thread.” BIZERF
RLERS IR, ARERH,

/*

* FEFFIBER © UDPE i+
*/

#include <rtthread.h>

#include <lwip/metdb.h> /* ATEMNTEN%E, FEEEnetdb. 330 */
#include <lwip/sockets.h> /* {#FIBSD socket, FEEM & sockets.hsk3riF */

/* RIEREIREEE */
ALIGN(4)
const char send_data[] = "This is UDP Client from RT-Thread.\n";
void udpclient(const char* url, int port, int count)
{
int sock;
struct hostent *host;
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struct sockaddr_in server_addr;

/* B RN A S ur Uikighostitlit (ANREIBSE, SMIBB/EN) */
t = (struct hostent *) gethostbyname(url);

/* BUEE—A socket, ZERYZSOCK_DGRAM, UDPZEZEY */
if ((sock = socket(AF_INET, SOCK_DGRAM, 0)) == -1)
{

rt_kprintf("Socket error\n");

return;

/* ¥hawTuERA AR Sin it */

server_addr.sin_family = AF_INET;

server_addr.sin_port = htons(port);

server_addr.sin_addr = *((struct in_addr *) host->h_addr);
rt_memset(&(server_addr.sin_zero), 0, sizeof(server_addr.sin_zero));

/* RITA X countikBHRE */
while (count)
{
/* REBIRRIIR S Tim */
sendto(sock, send_data, strlen(send_data), 0,
(struct sockaddr *) &server_addr, sizeof(struct sockaddr));

/* SFERAR—EREE] */
rt_thread_delay(50);

/* VHEER— */

count--;

/* KF)xAsocket */
lwip_close(sock);

#ifdef RT_USING_FINSH

#include <finsh.h>

/* it udpclienteg ¥4 &finsh shellsh */
FINSH_FUNCTION_EXPORT (udpclient, startup udp client);
#endif

15.7.2 TCP{ERRA

TER—NERT-Thread E{FABSD socketiz OAITCPARSZ iH A F, HILXMERINA
E|RT-ThreadBt, E&BzEfinshas £ 1T/ARIM— Mtcpservas<, 7Efinsh EH1Ttcpserv()i&
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EENR] BENXANTCPARS IR, XTCPARSZIHTE Ik 05000 L 1T, HBTCPEFEXMR
SmEHTERE, RERSIKEWIIBIE, EMSIMEAEFIKAIE “This is TCP Server
from RT-Thread.” BYFERFE,

WMRIRS IREWREIqHRQFFHAY, FRBIBIFENXFAXINTCPERE, MRIRSIHEIE
exitF TR, MLIFRERS,

/*

* FERFIEE L TCPRRS Imisl+

*/

#include <rtthread.h>

#include <lwip/sockets.h> /* {#FBSD Socketd[ A2 sockets. hix NSk */

/* RIEREIREEE */
ALIGN(4)
static const char send_data[] = "This is TCP Server from RT-Thread.";
void tcpserv(void* parameter)
{
char *recv_data; /* ATHMRHNTEST, FEESM—RSENELOGKATHAGT */
rt_uint32_t sin_size;
int sock, connected, bytes_received;
struct sockaddr_in server_addr, client_addr;
int ret;
rt_bool_t stop = RT_FALSE; /* {Z1biris */

recv_data = rt_malloc(1024); /* S ECHEW RS EES S */
if (recv_data == RT_NULL)
{

rt_kprintf("No memory\n");

return;

/* —AsocketfE{E R, FETRLCAIEESE, FEES0CK_STREAMATCPH]socket */
if ((sock = socket(AF_INET, SOCK_STREAM, 0)) == -1)

{
/* BIERMAFE R */
rt_kprintf("Socket error\n");
/* BMENEARIREE S */
rt_free(recv_data);
return;

}

/* WA AR S imHIE */

server_addr.sin_family = AF_INET;

server_addr.sin_port = htons(5000); /* jp&5um L{Efum */
server_addr.sin_addr.s_addr = INADDR_ANY;
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rt_memset(&(server_addr.sin_zero), 8, sizeof(server_addr.sin_zero));

/* HBE socketE RS umht */
if (bind(sock, (struct sockaddr *) &server_addr, sizeof(struct sockaddr))

== -1)

{
/* BEERM */
rt_kprintf("Unable to bind\n");
/* BeE AR */
rt_free(recv_data);
return;

}

/* fEsocket_EHTIANT */
if (listen(sock, 5) == -1)

{
rt_kprintf("Listen error\n");
/* release recv buffer */
rt_free(recv_data);
return;

}

rt_kprintf("\nTCPServer Waiting for client on port 5000...\n");
while (stop != RT_TRUE)
{

sin_size = sizeof(struct sockaddr_in);

/* FHER—AE FimiEiksocket EKR, XA RFUAMZEERXK */
connected = accept(sock, (struct sockaddr *) &client_addr, &sin_size);
/* REIKEEZE R socket */

/* IR [EIRIclient _addrigm 7 & FinfIHER */
rt_kprintf("I got a connection from (%s , %d)\n", inet_ntoa(
client_addr.sin_addr), ntohs(client_addr.sin_port));

/* B FumER IR */
while (1)
{
/* ZiEFEEEconnected socket */
ret = send(connected, send_data, strlen(send_data), 0);
if (ret < 0)
{
/* BWRW, KAXMERE Y/
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lwip_close(sock);
rt_kprintf("\nsend error,close the socket.\r\n");
break;
}
else if (ret == 0)
{
/* $TENsendeR ¥R BIEAONESEE */
rt_kprintf("\n Send warning,send function return @.\r\n");

/*

* Mconnected socketdhiEcdiE, FEWbuffer21024K/),
* (BHA—EBEBWE1024 K/ NEIE

*/

bytes_received = recv(connected, recv_data, 1024, 0);
if (bytes_received < 0)

{
/* RS, =X connected socket */
lwip_close(connected);
break;
}
else if (bytes_received == 0)
{
/* FTENrecveRBUR BIEAOKES(EE */
rt_kprintf("\nReceived warning,recv function return @.\r\n");
}

/* BEBERGE, IERmEE */
recv_data[bytes_received] = "\0';
if (strcmp(recv_data, "q") == 0 || strcmp(recv_data, "Q") == 0)

{
/* MREEFEHEEQ, KAXMEE */
lwip_close(connected);
break;
}
else if (strcmp(recv_data, "exit") == 0)
{
/* MRIFEW R Zexit, NXRAEANRFIs */
lwip_close(connected);
stop = RT_TRUE;
break;
}
else
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{
/* TEEHIR s B IRRE R BUE */
rt_kprintf("RECIEVED DATA = %s \n", recv_data);
}

/* BREMRS */
lwip_close(sock);

/* BB */
rt_free(recv_data);

return;

#ifdef RT_USING_FINSH

#include <finsh.h>

/* it tepserveRERE|finsh shells */
FINSH_FUNCTION_EXPORT(tcpserv, startup tcp server);
#endif

TEMWRES—MNIMERT-Thread LEABSD socketiE OMTCPE Fim il 7, HIBXA
KEBIIAZIRT-ThreadBt, E&=BniEfinsh &S {TRIM—Mcpclientds <, Efinsh EHIT
tcpclient(url,port) R BN BaNXANTCPARS IR, UrEE 71X F imi& 2 H0 AR 53 i it it
SHE, portBMANMIKAS, HTCPEFImEREMINE, EREWARS IRETRIVE.
SEHIEREWKIIE, MRIBUQEQHA L, EREMMAXNERE, SNSERKRNBEE
EHILIRPITENE SR, AE %% “This is TCP Client from RT-Thread.” BIZFE,

/*

* FRFFIEE L TC(PE Fun i+

*/

#include <rtthread.h>

#include <lwip/netdb.h> /* AT @TEN S, FTEEEnetdb. hk3zfF */
#include <lwip/sockets.h> /* {#FIBSD socket, FEZE A Esockets.hsk3ri */

/* RIERBIREHE */
ALIGN(4)
static const char send_data[] = "This is TCP Client from RT-Thread.";
void tcpclient(const char* url, int port)
{
char *recv_data;
struct hostent *host;
int sock, bytes_received;
struct sockaddr_in server_addr;
int ret;
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hos

/* SECHT R ERRZ T */

recv_data =

rt_malloc(1024);

if (recv_data == RT_NULL)

rt_kprintf("No memory\n");

/* lgE—/ socket, HHYESOCKET STREAM, TCPISHI */

{

return;
}
if ((sock =
{

socket(AF_INET, SOCK_STREAM, 0)) == -1)

/* fliEsocketk B */
rt_kprintf("Socket error\n");

/* BRiFRwEE */

rt_free(recv_data);

return;

/* A NTUERRAR SRttt */

server_addr.sin_family = AF_INET;

server_addr.sin_port

htons(port);

server_addr.sin_addr = *((struct in_addr *) host->h_addr);
rt_memset(&(server_addr.sin_zero), 0, sizeof(server_addr.sin_zero));

/* EERRRS YR */

if (connect(sock, (struct sockaddr *) &server_addr,

sizeof(struct sockaddr)) == -1)

/* EERW ¥/

rt_kprintf("Connect error\n");

/*ReTBaRIERI */

rt_free(recv_data);

{
return;
}
while (1)
{

/* MsockiEFEPHIUR K 10247 TR */
bytes_received = recv(sock, recv_data, 1024, 0);

if (bytes_received < 0)

RT-Thread 3.0.0
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/* BT RO SEur iKShostihit (ANRBIBL, SMHMIBLHET) */
t = gethostbyname(url);
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{
/* BRI, RIFIXANERE Y/
lwip_close(sock);
/* BRI */
rt_free(recv_data);
break;
}
else if (bytes_received == 0)
{
/* FTENrecveRBUR [EHEAOWEEEE */
rt_kprintf("\nReceived warning,recv function return @. \r\n");
}

/* BERWEEEE, IBRIREF */

recv_data[bytes_received] = '"\0';

if (strcmp(recv_data, "q") == 0 || strcmp(recv_data, "Q") == 0)

{
/* MREEFEHREQ, KAXMEE */
lwip_close(sock);
/* BRI Y/
rt_free(recv_data);
break;
}
else
{
/* RS BRI AR */
rt_kprintf("\nRecieved data = %s ", recv_data);
}

/* REBHERsockiE ik */
ret = send(sock, send_data, strlen(send_data), 0);
if (ret < 0)
{
/* B, KAXMEE Y/
lwip_close(sock);
rt_kprintf("\nsend error,close the socket.\r\n");

break;
}
else if (ret == 0)
{

/* $TENsendeR ¥R B{EAONESEE */
rt_kprintf("\n Send warning,send function return 0. \r\n");
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return;

#ifdef RT_USING_FINSH

#include <finsh.h>

/* HitHtepclienteR#hEfinsh shelldh */
FINSH_FUNCTION_EXPORT(tcpclient, startup tcp client);
#endif
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IWIP-IPv6 235

16.1  IwIP-IPV6 )%

IWIPRIgitFF & 7337 STF5IPvA/VG IR, HESZIFHEKXZ BAIPVEYFE, F&EEIAAIWIP
MSIIMEERIRTE(EILARE), ERHTEHHHLE A SIWIPH KL 6LowPANFIRPLIH
W, FFLUEHRARFRELAHIWIP 1.5.0-Beta ([RX ) , IWIPHIgitFHF A DB XA T INAE
(FEX):

ZHFIPV6E Y

fEtcp/udp/raw HMYIEHIRAPZHFIPV6

Netconn APIz#51Pv6

Socket APISZ$5IPv6

S #5ICMPv6

. THABIE &MY (Neighbor Discovery)

. RIFBIBMUT L BAE(Multicast Listener Discovery)
. XBFRRSHUEMEE

. XHEIPVERIEE TR 584

. MEEOEZFIPv6

© PN O VA WwN =

—_
o

REIWIP-headIPv6Z HEESIZE, BRMBEIMBAINERGTR:

1. EARERInetif AR RIIScope idisz#F, EFIAlink-localitiib@{ShY, Scope id®]
RTEEHER
2. 7EBSD Socket APIR B ZMNRHSLMATE

16.2 IPveERH#0iR

GEXMBEEDINEE6RR (Internet Protocol version 6, EE: IPve) EEBMIP MR
hRAE, ATHIESXRIGERMENMEENIN, SEBRIPvAILIBRIE)E, IPv6EE
BEUXIPv4, MIPVATEMLE LR SR EH K S HEINEI,

16.2.1 IPv6IRHI&T

IPVeIR X B8NFER, BEKXNNBAOFT, B—IPIPV6REEHLNE IR, BEXER
KEMI T EIFRR:


http://git.savannah.gnu.org/cgit/lwip.git
https://lists.nongnu.org/archive/html/lwip-users/2012-11/msg00045.html
http://savannah.nongnu.org/task/?12586
http://lwip.wikia.com/wiki/LwIP_IPv4/IPv6_stacks

16.27F IPV6ELRH4NIR RT-Thread4w72Em

0 1 2 3
01234567890123456789012345678901
o o o T S S O ot o ok of X RS S S S s
|Version| Traffic Class | Flow Label |
B et S e e A e R A
| PlayLoad Length | Next Header | Hop Limit |
o o o T L S O ot o ok of X RS S S S s
| Source |
| Address |
e o T S o o T ST S S S S s
| Destination |
| Address |

B s et e e R SR PSR EE R R

* Version: fR&S, KER4bit, WFIPve, E{EHR6

« Traffic Class: RZal, KEHR8bit, AFRREBIRIIMER, FHFQoS

* Flow Label: jR#5%, KEH20bit, AFXNLELRE, NEBVRIFE R3] A
—MAE— SRR

* PlayLoad Length: BXMHEKE, KER16bit, IEMEERIPVeIRLIIIEBEMNEM
Mo (FRERBEMEEDINBIERT) . ZFRAERTEAKEH65535FTTHIHE
MEE, MRKEBIXME, ZFEBRALE0, MENHAKERZRKEIYT BRLF
B X BEWEFNETIRR R

* Next Header: F—MR3k, KEM8bit, ZFERENX T BIREIPVOIRLEEINE — 1
Y RIRSLAEDY, sFE EE NIRRT A INSEEL

* Hop Limit: BRERRRHI, KEH8bit, ZFEREMFIPVARITILFER, EX TIPHIEE
ZiT IR K BREL,

* Source Address: JEithsit, 128bit, &iXFHUHHE

« Destination Address: BRystzsit, 128bit, #EUXFRIHHE

16.2.2 IPv6H BRIk

IPVAR, ABETIEFER, AMERIKERTERKLY, EERHEZRIREF, L2
EHANEFERMIPVAR 2 S ARKIFIR, EMEIPVerHIFH IR TIPVeHRLF £
BIEIER T ZE, IPV6RIABN 1S MY R, ¥ RIRSHAT—ERfInext hdr
FRiR,

IPVesZH5HYY RIRAR : FHIEDY Bk, BB Rk, SR RRL BHIER
RISk BRI Bk HRT2BVRHEEAT BIRL, T8 RBEANAF
RERGLET—M L, MUY BRAEMMRFYVIER—ENEFEN, —MRRRIASKE
INFERFHES : 1) IPVeIRsk 2) FBLE Bk 3) BRUEIY Rikk 4) MET Bl
X5) RV R 6) BMIAET BiRK 7) HREESBERHEYT RiRL 8) BRBERIT
RiRk 9) EENAMRL, BT BMEIY BfKI, Bt BIRARELR—R, 80N
RKHIE X :

1. BEPHEIY BiRk, EXTHABREPEINITAFTELENER
2. BMETH Rk, BNTRBEELENER
3. BEY RIRL, TRATEMNREEZINBEIRS
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4. R RMK, REXTMTUBNE, RETFIPV4, IPVeRERT R THRIEN D A

5. BMNET RSk, MEBIERETIEENRS

6. HRZELBENHMAT BiR>L, TUBNEREREEMIEPRER. MBABTET
V5|

16.2.3 IPv45IPv6eITLE

1. ihk=siE], IPveifBLLIPvAZS S 2Rt ES(8], HFIPVOsRFA T 128fiAYdE, RISZHF
(431Zx4312x43{Zx4317 ) MHtutlk, FogFHit == (8] R IPVERIR AL,

2. I®XHEX, IPveIiRL PR T BB E. DSCP, IR, &, fHREB. 53K
I FIE6ME, {82 T traffic class GRES 2 ) . playload length ( 51 E ) . hop
limit ( BRESBR®E ) 15, WRFIPVARRIENY, 2K, fFiEETE], 180T Flow Label (5
) 18, FERTFIPV6RATEE KENRSL, IPvelRXAIENERIPVAEINS
B

3. T2, HIPVARL 2N FIFFENRAESI, mAEIPveIEN T IPseckINZE 51k
iE, FJAMRIEmNIRERIE 2,

4. lRBREMRIE, BFIPVOIRLFIEIN T IRIRE, FIIRMHQoSHIZH, XFHFEBIR
R L8R AL RIS EE,

5. BatEpvckist, IPveRIitiit BENESE N EL TR T mBFEa it i 5 BS, Mk
R TIMURIENGER, FHETFIPveY BIRLIIZTT, FIRRBIIPVARI=MAEEH. &
bR EE, BB EAIEREES,

16.2.4 IPveithit

IPveitititi& T IPveitiit B1&128EL4E, BA16fiih—4H, BHUES “: 7 RH, 9 K8
4, SEMITEHFIARRR, UWTASENIPveitit: “2001:0DB8:02de:0000:0000:0000:0000:0e13” ,
BB IPVOIL 3z 33525 B AR =
MU1: B FeIS0EME, SBENSHFMNA0MEIL4E:, iR e]EFR
J: “2001:DB8:2de:0:0:0:0:e13”
Mu2: afAWNEE “" RFRRA—HAFHSEHMO, BRETHI—R, EiRRHIEETEY
#: “2001:DB8:2de::e13”

IPveithiit /2 IPveitbt Ry Jg =2

« E&(unicast)ibit

BIEMURR—ANERZEO, XSEXRFMENBESREREREO, [PVeRIRE
W BIET RIEEMUE, FEIMA, SIKBEEMU, RERRAMM A, At
ULA(Unique Local Address),

« {Fi&(anycast)iti ik

HERIPVOIBIRELEAR, ERE AT RItitizR, BHEE HAnycast
MWEEE, AAFLEERENEREMFRBOER— Mz, EEIHR
ARG AN ENRE T /RRHBEERSERHTURINGEMN AR SIBINGE, EiFttht
5 B iEth iR BRI =6, EERTBINIPV6,

« Z#&(multicast)tiht
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ZEMUA RN EERL, SEMUREE A -—#ARNED, RX3NSEHU
MBEBESWELXBNAMBMMU, SEMUBERNINFTHER, EMNNEIER
FF00::/8, EFEANFTMREE/MLSAURT “SE#E" , Bnode-local(0x1),link-
local(0x2),site-local(0x5),organization-local(0x8),global(0xE),

16.2.5 SBERILIN

SRE &N ( Neighbor Discovery Protocol, &5: NDPEND ) , 2EFENRIPv4r
RIARPIHIXREY, ATFRMMBEHUE S E A 7 BAIRES, NDPSLIINERELLARPE,
IPVOSRERIIMINFTIRILLATINEE: 1) RRSB[BWENEE 2) ALK 3) HthE 4)
SBEARENAIGN 5) BEEMTURIL 6) T—BURTE 7) ESHUCNEFINGE, BERIVIHIX
TE X T 5FICMPV6EE :
« BEREIEK:
HTSTABEFI T —RARENEHBES SR, TTREREHBERNSEE,
EEYRERI T eI ERRHEEER, XM BRRHEXSH

- BB
BRI AN RXRHBEESE, IHEBANT RMERGEXNBHALERS
2, BHBEEENMREREIH255, XHEHIEEAREEMERHLEEAREEER
FHARRBE

« SBEEK
RTFHESMEEKREBL, FIMEFFNEBREHHRERNX, HIERPEERE
EESIPHLE, XEBAIBREPREINA R255, BFLEAREBERBETEAE

- PEBE
—EARNEREBER, Z—MEARITRRENENRESERLAERTH
T RIBA R B TR R,

- BEM@
HIEHREARIE, ATFIEREEEERRMBPREAEEFINT R

16.3 RT-Thread®y{a]{EFHIPV6

Z(ERAIPv6, FfEMAIwip-headhRAEIMI NI, FEEMMKIBSPEIFEIrtconfig.hSfF
HRiRIN “#define RT_USING_LWIP_HEAD” ,

16.3.1 {EFIPV4/v6INi%

E7ERT-Thread P{ERAIPvA/V6 XN, FBTEME R AIBSPEL AR M rtconfig.h RN “#de-
fine RT_LWIP_IPV6” ,iX#¥HME VAL TS AWM+ EI&link-local address, FFEiHM
ARBE, SR AN FEELIKEEIE, XBRHETRMAR:

1) RS EERE, REErtconfig.h/iRIN “#define RT_LWIP_IPV6_AUTOCONFIG” ,
XS R RIEAZIFIPVORIERHERAT (NS HFIE thZiFopenwrt R RAVER A ES ) BOFT
SERYIPVOI It B ENEE B,

2) FiiE, ERONAREFPTMTMENYEKRE, TiRA “void set_ifé(char*
netif_name, char*ip6_addr)” REIKEMLLitht, WIREZE AN “e0” i&EF “2001:1" 89
ik, MiAAset_if6( “e0” , “2001:1” )BNFE],
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16.3.2 {X{EMIPvV4

Elwip-head P& Z{XE R IPVAID IR, REREMENAYBSPE R RIrtconfig.h X 4
Z™in “#define RT_LWIP_IPV6” BN®], RT-Thread ReIGIPV6IEX<IVIES ., k24 4mi%iH
%, IPvAR oA 3HEADHCPIMY 55 A5IPH IR E

16.3.3 WA RMREITPingMIR

ETHRPCRIF &R Z BRI ML EFIRSE, TBEMPINgBIMIXTEIE,
B%, EEE0ERTEP@EAlist_if ) FKENFF & RAVIPv4A/IPveitilt, W1 TFEIFfR:

H$Eunrk intertace: cH

MAC: AA BHE He 12 34 55

FLAGS: UP LIME_UFP OHCE_ETHARF

ip address: 192.168.199.134

aw address: 192 1628.199.1

net mask 1 255.255.255.4

link-local address: FEGH::200:EFF:FELZ: 3456

ipwall] address: 4@EG6: EG2d: E36: CEE: 288: EFF: FEL12: 5456

16.1: IP_Information

IPv4ttik 79192.168.199.134, IPv6HYlink-localitsiit J9fe80::200:eff:fe12:3456,IPv6itiit
7#34006:e024:680:c6e:200:eff:fe12:3456,

FIEBWE, Midel, BB I ERABRHFNEFRSIPHAEEESFSPCSALRETE—N
Ey, XBRHERENEABHESE,

« IPv4 pingiliz
IPvafgpinglid + 53 B8, RFFT AR RAFMAping 192.168.199.134 -tAl7]

#ESIERT - ping 192 68.199.134

] TTL=255
B TTL=255
Eﬁ1m<1md TTL=255
AT[8]<1ims TTL=255
B|8)<ims TTL=255
Bf[A)<ims TTL=255

AT[A]<ims TTL=255
TTL=255
TTL=255
TTL=255

TTL=255
oy s TIL=255
Bf[8]<ims TTL=255
Bf|8)<ims TTL=255
Bf[A)<ims TTL=255
B|8]<ims TTL=255
Bf[8)<ims TTL=255
B[8]<ims TTL=255

& 16.2: pingd

« IPv6 link-local address pingililiz
BAREGSRRMAPRE Aipconfig, KBUTER:
ZIRESLITIR AT Aping fe80::200:eff:fe12:3456%12 -t
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312

Hbdk.

1Pu6 Hoflh. -

: lan

: 4006 :ef24:68A:chezadBa:5aad:c4f 94107
: 4006 :eB24:680:cbe:?dfe:363d:F1f9:c143
: feB@A::adPa:Saad:c4f?:41h7x12

: 192.168.199.241

: 255.255.255.8

: 4006 :eB24:680:2667 adBa:Saad:c4f 9 :41bh7

RT-Thread4wf2$5m

feBl::dbee:7?ff:felBb:cSeBxi2
192 .168.199.1

16.3: Scope ID

¥ 5SS - ping fe80:200:efffe12:3456%12 -t

o]

(\F T fe8B: :20@:eff:
eff:fel?:
teff:fell:
teff:fel2:
eff:fel?:
ceff:fel?:
teff:fel2:
eff:fel?:
ceff:fel2:
teff:fel2:
teffifel?:
ceff:fel2:
teff:fel2:
teffifel:
ceff:fel2:
teff:fel2:
teffifel:
ceff:fel2:
teff:fel2:
teffifel:
ceff:fel?:
teff:fell:
teffifel:
eff:fel?:

Fel2:3456212
345612 =}
345612
3456212
3456312
345612
3456212
3456312
345612
3456212
3456312
345612
3456212
3456212
345612
3456212
3456212
345612
3456212
3456212
345612
345612
3456212
3456312

16.4: Link-local Address
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« IPv6iHEAIMIE
Ea SRR Aping 4006:024:680:c6e:200:eff:fe12:3456 -t

Bl SS1ET4T - ping 4006:2024:680:c6e:200:efffe12:3456 -t [E=gE ™

teB24:680:chbe-208@:eff :
6BB:chbe:20@:eff:fel2:
6BB:chbe:2@@:eff:fel2:
68@:che:208:eff:-fel2:
6BB:chbe:20@:eff:fel2:
6BB:chbe:2P@:eff:fel2:
68@:che:208:eff:-fel2:
6BB:chbe:20@:eff:fel2:
6BB:chbe:2P@:eff:fel2:
68@:che:208:eff:-fel2:
6BB:cbe:20@:eff:fell:
6BB:chbe:2P@:eff:fel2:
:68@:che:20@:eff:-fel2:
t68@A:chbe:20@:eff:fell:
6BB:chbe:2P@:eff:fel2:
:fel2:
ifel2:
fel2:
:fel2:
ifel2:
fel:
:fel2:
fell:

16.5: ping6

ZEUREFHAIPVORIIE R T,

16.4.1 IPv4/v6 SocketfmiZ =[5

EE T Socket APIFHITHLBINARERF T, IPv4/voERfEREARBRIMNRIZRE; W
connect, accept, listen, send/sendto. recv/recvfromZSocket APIREITEIPv4/V6FR %
EA—, MIPVASIPV6EIFNEEZERAIE T St BXAIAPIRE £, HEKER
TEIFrR:

IPv4 IPv6

HuhEpR WMk $IBLEM) 4549 AF_INET PF_INET in_addr AF_INET6 PF_INET6

1RR% 53 sockaddr_in LEHAKE: in6_addr sockaddr_in6
sin_len ti}h&: sin_family sin6_len sin6_family
mOS: sin_port it : sin6_port sin6_addr
sin_addr INADDR_ANY IP6_ADDR_ANY
inet_aton()/inet_addr() inet_pton() inet_ntop()

inet_ntoa() gethostbyname()  gethostbyname()

getaddrinfo()EBEFEIWIPHFSE AR E, XE RN Rinet_pton()EEAIE%:
BBIEREL: inet_pton(int family, const char strptr, void addrptr)
REME: BERINRET, BERMANAZRERNRANIRME0, HHENRE-1

S family: BTLAZAF_INET, the] BLZAF_INET6, N5 AR 21580t ik iR VE hES 4K,
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RS IRME AR, FEerrnoJEAFNOSUPPORT

EFA: ZERBSRIERBstrptris@MNFAE, FiBidaddrptrifHEHRZHFILER, T
By 7 "X EIPveit it A4,

XTFgetaddrinfo(). inet_ntop()EEKIAEZES MUNIXNERIZE—,

16.4.2 PCMiXIEF

{EEIIPVARYTCP/UDPRISERVer/Client#{TMiRXEY, Windows FTEIFZMLEIF LT E,
mIPV6REYM it FEEE Linux F X B Socket APIHEE MK EE, EKiS IGitHub, &7
LinuxfByas £ 17 F TR,

16.4.3 TCP Serverfdl|-F#

TER—NERT-Thread LfEMABSD socket}& O MITCPARSZ IR EIF, HIBXMCIEIAZI
RT-ThreadBy, E&BaNEfinsh@aS1THRIM—Mcpserver6d<, 7Efinsh E#i{Ttcpserver6()
EENENE] BENXANTCPARS I, X TCPARSZ UR7ENR 110001 31T A0,

SBETCPEF R MRS ImHITIEEE, RERZHEREIBIE, EMKILEREFiG
%&3i% “This is TCP Server from RT-Thread.” BFF &,

WMMRARS IREWEI qRQFFHRAT, ARSI ENRAZXNTCPIERE, MRS IHEIE
exitFFEN, LAFRERS.

#include <rtthread.h>
#include <lwip/sockets.h> /* {#FHBSD SocketfEal & socket.h */

#define SERV_PORT 10001 /* frs%=3{F A in=S */
#define BUF_SIZE 1024 /* #HWZIHXKE */
#idefine BACKLOG 5 /* EKASIKKE */

static const char send_data[] = "This is TCP Server from RT-Thread.";

void tcpserver6(void)
{
int sockfd, clientfd;
struct sockaddr_in6 server_addr6, client_addrb6;
int bytes_received;
char *recv_data;
rt_uint32_t sin_size;
rt_bool_t stop = RT_FALSE;

/* SECEWAREIER R */
recv_data = rt_malloc(BUF_SIZE);
if(recv_data == RT_NULL)

{

/* PERFRKIRE */
rt_kprintf("No memory\n");
return ;

}
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/* ﬁdi_——’?socket,family%éﬁgﬂqPF_INET6,ii%&ﬁiééﬁgﬁqSOCK_STREAM */
if((sockfd = socket(PF_INET6, SOCK_STREAM, 0)) == -1)

{
rt_kprintf("Socket error\n");
rt_free(recv_data);
return ;

}

/* WA HAR S imHAE */

server_addr6.sinb_family = AF_INET6;
memcpy(server_addr6.sin6_addr.s6_addr, IP6_ADDR_ANY, 16);
server_addr6.sin6_port = htons(SERV_PORT);

/* 4B5E SocketE pRZ-vpHbLE */
if(bind(sockfd, (struct sockaddr *)&server_addr6, sizeof(struct sockaddr)) == -1)

{
rt_kprintf("Bind error\n");
rt_free(recv_data);
return ;
}
/* FESocket EHATISNT */
if(listen(sockfd, BACKLOG) == -1)
{
rt_kprintf("Listen error\n");
rt_free(recv_data);
return ;
}

rt_sprintf(recv_data, "%4d", SERV_PORT);
rt_kprintf("\nTCPServer Waiting for client on port %s...\n", recv_data);

while(stop != RT_TRUE)
{
sin_size = sizeof(struct sockaddr_in6);
/R FUmbERE*/
clientfd = accept(sockfd, (struct sockaddr *)&client_addr6, &sin_size);
rt_kprintf("I got a connection from (IP:%s, PORT:%d\n)", inet6_ntoa(client_addr6.sir
/* B FumEfR e */
while(1)
{
/* &iEFIEE|connected socket */
send(clientfd, send data, strlen(send_data), 0);

/* PR B FH R —EREMBUREIBUF _SIZER/INA%HE */
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bytes_received = recv(clientfd, recv_data, BUF_SIZE, 0);
if(bytes_received <= 0)

{
/* R, < F)ixNConnected Socket */
closesocket(clientfd);
break;
}

/* WEVEHR, I F R REER T/
recv_data[bytes_received] = '\0"';
if(strcmp(recv_data, "q") == 0 || strcmp(recv_data, "Q") == 0)

{
/* RKNEE */
closesocket(clientfd);
break;
}
else if(strcmp(recv_data, "exit") == 0)
{
/* RABRSE */
closesocket(clientfd);
stop = RT_TRUE;
break;
}
else
{
/* FTENWEIR %R */
rt_kprintf("RECEIVED DATA = %s\n", recv_data);
}
}
}
closesocket(sockfd);

rt_free(recv_data);

return ;
}
#ifdef RT_USING_FINSH
#include <finsh.h>
FINSH_FUNCTION_EXPORT(tcpserver6, start tcp server via ipv6 );
#endif

16.4.4 TCP Clientfg] ¥

TENRS—NN7ERT-Thread E{#FFBSD socketiZ AMTCPE FimflF, HIBXML
WBINAZIRT-ThreadBt, E&BzEfinsh a8 < 1TARM—Mcpclient6ds <, #Efinsh EHIT
tcpclient6 ()& £ B =] R ENX N TCP AR 55 Uit

STCPEFImEZMINE, EEWARSIREITRMWEIE, SERIFEZKRRIN, NMRZE
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BLqEXQFF sk, BEEMEIAXNER; BNSEREKNEIEEEGLIEPITENLHE, RE
%&3% “This is TCP Client from RT-Thread.” BIZFEE,

#include <rtthread.h>
#include <lwip/netdb.h> /*Af#tr=l%, FEEnetdb.h */
#include <lwip/sockets.h>

#define SERV_PORT 12345 /* fi%zsim= */

#define SERVADDR "4006:e024:680:c6e:223:8bff:fe59:de90" /* BFR3RIScope id, IFEAE(F A ink
#define BUF_SIZE 1024 /* ZZHIX[KE */

static const char send_data[] = "This is TCP Client from RT-Thread.";

void tcpclient6(void)

{
char* recv_data;
int sockfd, bytes_received;
struct sockaddr_in6 server_addr6;
int status = 0;

/* SRR AREIRER R */
recv_data = rt_malloc(BUF_SIZE);
if(recv_data == RT_NULL)

{

/* SEREFRM,IRE */
rt_kprintf("No memory\n");
return ;

}

/* BIEE— socket, familyZEHU 5PF_INET6, B 2R /SOCK_STREAM */
if((sockfd = socket(PF_INET6, SOCK_STREAM, 0)) == -1)

{
rt_kprintf("Socket error\n");
rt_free(recv_data);
return ;

}

/* WA TLERR RS initE */
memset(&server_addr6, 0, sizeof(server_addr6));
server_addr6.sin6_family = AF_INET6;
server_addr6.sin6_port = htons(SERV_PORT);
/* B F R A IPVOHIE */
if(inet_pton(AF_INET6, SERVADDR, &server_addr6.sin6_addr.s6_addr) != 1)
{
rt_kprintf("inet_pton() error\n");
rt_free(recv_data);
return ;
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/* EERBRS N X/
status = connect(sockfd, (struct sockaddr *)&server_addr6, sizeof(server_addr6));
if(status < 0)
{
/* EEKW */
rt_kprintf("Connect error:%d\n", status);
rt_free(recv_data);
return ;

while(1)
{

/* MsocketiE it ABUF_SIZEZF ¥t */
bytes_received = recv(sockfd, recv_data, BUF_SIZE -1, 0);
if(bytes_received <= 0)

{

/* BRI, RIAXAMERE Y/
closesocket(sockfd);
rt_free(recv_data);
break;

}

/* WREVEHR, I F R REER T/

recv_data[bytes_received] = '\0"';

if(strcmp(recv_data, "q") == 0 || strcmp(recv_data, "Q") == 0)
{

/* RAXAERE */
closesocket(sockfd);
rt_free(recv_data);
break;

}
else
{
/* FTENREIR%EE */

rt_kprintf("\nReceived data = %s

, recv_data);
}

/* REBIERIRSum */

send(sockfd, send data, strlen(send data), 0);

return;

#ifdef RT_USING_FINSH
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#include <finsh.h>
FINSH_FUNCTION_EXPORT(tcpclient6, startup tcp client via ipv6);
#endif

16.4.5 UDP Serverfgll+

THER—/NERT-Thread EfEABSD socketi® OAIUDPRREZ im I+, HIBX/MLEBIMA
BIRT-Thread R1F %40y, ESBEfinshds L 1TRIM—Mudpserver6ds<, fEfinsh EH
fTudpserver6()R BN 7] BE1IXNUDPARSZ U, 1ZUDPRRSZIRTELRM 10012 £ 1THENT,

HRBIREWEIRERN, SR EAIBITENZIESILED; MRRSIHEREexitFRFH
B, FBARSIHIFRHARS.

#include <rtthread.h>
#include <lwip/sockets.h>

#tdefine SERV_PORT 10012
#define BUF_SIZE 1024

static const char send_data[] = "This is UDP Server from RT-Thread.";

void udpserver6(void)

{
int sockfd;
struct sockaddr_in6 server_addr6;
struct sockaddr_in6 client_addr6;
int bytes_read;
char *recv_data;
rt_uint32_t addr_len;

/* pECEBAREEEZ S */
recv_data = rt_malloc(BUF_SIZE);
if(recv_data == RT_NULL)

{

/* HECRFEERM, &R[E] */
rt_kprintf("No memory\n");
return ;

}

/* BiE— N socket, familyZEHY kPF_INET6, E57 245 5 SOCK_DGRAM */
if((sockfd = socket(AF_INET6, SOCK_DGRAM, 0)) == -1)

{
rt_kprintf("Socket error\n");
rt_free(recv_data);
return ;

}

/* AR umitiE */
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server_addr6.sin6_family = AF_INET6;
server_addr6.sin6_port = htons(SERV_PORT);
memcpy(server_addr6.sin6_addr.s6_addr, IP6_ADDR_ANY, 16);

/* 9B3ESocketZIfR S umithbt */
if(bind(sockfd, (struct sockaddr *)&server_addr6, sizeof(struct sockaddr)) == -1)

{

/* GRREHMHER K */
rt_kprintf("Bind error\n");
rt_free(recv_data);
return ;

}

rt_sprintf(recv_data, "%4d", SERV_PORT);
rt_kprintf("UDPServer Waiting for client on port %s...\n

, recv_data);

addr_len = sizeof(struct sockaddr);
while(1)
{
/* MsocketF BN Fx ABUF_SIZEZZHT%KIE */

bytes_read = recvfrom(sockfd, recv_data, BUF_SIZE - 1, 0, (struct sockaddr *)&client

/* UWREVBEE, I\ F R SREER T/
recv_data[bytes_read] = "\0';
/* iR REEE */

rt_kprintf("\n(%s, %d) said:", inet6_ntoa(client_addr6.sin6_addr), ntohs(client_addr

rt_kprintf("%s", recv_data);

if(strcmp(recv_data, "exit") == 0)

{

/* RIABRSYm */
closesocket(sockfd);
rt_free(recv_data);
break;

}
}
return ;

#ifdef RT_USING_FINSH

#include <finsh.h>

FINSH_FUNCTION_EXPORT (udpserver6, startup udp server via ipv6);
#endif

16.4.6 UDP Clientffl]+

THERS—/N7ERT-Thread E{EFBSD socketiZ M UDPE FimfHlF, HEXMUEE
MAZIRT-Thread Y, E&Bzh@Efinshds < 1TRM—udpclient6ds <, Efinsh 1T
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udpclient6() R E BN F] B aNiXNUDPE i, HUDPEFIKEIG, B &KX “This is UDP

Client from RT-Thread.” BIFEFRLIRSIH, AEEREBUEFHITENSRUE,

#include <rtthread.h>
#include <lwip/netdb.h> /*AfEATEH4, FEEnetdb.h */
#include <lwip/sockets.h>

#idefine SERV_PORT 22345 /* fi%zsin= */

#define SERVADDR "4006:e024:680:c6e:223:8bff:fe59:de90"
#define BUF_SIZE 1024 /* ZZHIXIKJE */

static const char send_data[] = "This is UDP Client from RT-Thread.";

void udpclient6(void)

{

char *recv_data;

int sockfd;

struct sockaddr_in6 server_addr6, client_addr6;
socklen_t clientlen;

/* SRR ARRBERZ T */
recv_data = rt_malloc(BUF_SIZE);
if(recv_data == RT_NULL)
{
rt_kprintf("No memory\n");
return ;

/* BT HRSINScope id, EAE{ERLir

/* BlEE— socket, familyZEBYkPF_INET6, E3EF 2RI 5 SOCK_DGRAM */

if((sockfd = socket(PF_INET6, SOCK_DGRAM, 0)) ==
{
rt_kprintf("Socket error\n");
rt_free(recv_data);
return ;

/* VIIAWTUEER IR S um e */
memset(&server_addr6, 0, sizeof(server_addr6));
server_addr6.sinb_family = AF_INET6;
server_addr6.sin6_port = htons(SERV_PORT);

/* BF IR IPVeIE */

-1)

if(inet_pton(AF_INET6, SERVADDR, &server_addr6.sin6_addr.s6_addr) != 1)

{
rt_kprintf("inet_pton() error\n");
rt_free(recv_data);
return ;

}
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/* RIEBIRRIRSim */
if(sendto(sockfd, send_data, sizeof(recv_data), 0, (struct sockaddr *)&server_addr6, sizeof(

{
rt_kprintf("Sendto error\n");
rt_free(recv_data);
return ;

}

rt_kprintf("Waiting for a reply...\n");

clientlen = sizeof(client_addr6);
/* BREAE */
if(recvfrom(sockfd, recv_data, BUF_SIZE, 0, (struct sockaddr *)&client_addr6, &clientlen) <

{
/* FRWER */
rt_kprintf("Recvfrom error\n");
rt_free(recv_data);
return ;
}

/* FTENERAE */
rt_kprintf("got '%s'\n", recv_data);
closesocket(sockfd);
}
#ifdef RT_USING_FINSH
#include <finsh.h>
FINSH_FUNCTION_EXPORT(udpclient6, start udp server via ipv6);
#endif
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POSIX# [

17.1 Pthreads@E

POSIX Threads{&#iPthreads, POSIX:E “Portable Operating System Interface” ( ®]
BIERERZED) HW4%S, POSIXRIEEE Computer Societyh TIREANEIRIER LHGE
BHMNAREFIRIBE MG EN —EfME, Pthreads2&IERIPOSIXITAE, HWEXE
POSIX.1¢c, Threads extensions (IEEE Std1003.1c-1995)f5 /&8, ZIMEENX T —ECIEFiE
SR, RPMEE, TXEpthread hEXHF—NEEEER, KLYB100MAPI, FiE
APIERH#E “pthread.” B4R, TTLAS R4KZE:

« &F2EIE (Thread management) : BIEZ4IZEIE (creating) . 7% (detaching) .
E# (joining ) RiREMERNLIZBHERIERNE,

« R8I (Mutex) @ “mutual exclusion” M4ES, BT RGILENEZHIEIAG,
RIPHEHUENTEN, BIECIE, HE, DEHBEIERA—EATFIREREN
EREEMERLH,

« Z4ETE (Conditionvariable) : AFHE—1MERENEEZRBEE, BEREGT
EMLIE, H%. FFNLRZXES (signal ) FEREL,

« 25 % (read/write lock ) F1FEFE ( barrier) : BIFEEHHNFEREMNAIE, HB. =
FEREXEHIZREFERL,

* POSIX{EE & (semaphore ) fiPthreads—#2{#f, {B7RZPthreadstRAETE X HI— 2B
9, #EXTEPOSIX.1b, Real-time extensions (IEEE Std1003.1b-1993)F &8, ELLE
EEMXEHMBIER “sem” MAR “pthread.” ,

« JHZ2BAFI (Message queue ) FESE—#¥, FMPthreads—i2fER, thAZPthreads
FREE X B —E89, #E XFEIEEE Std 1003.1-200145ER, JEERATIHE X R EAIEILS

ZEE “ mq_n .
FSES G RIELH
pthread_ LA BN S FEXE
pthread_attr_ LZIEERMNR

Pthread_mutex_ R
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pthread_mutexattr_ ERHIEMENSR
pthread_cond_ FHTE
pthread_condattr_ FHTEEMNR
pthread_rwlock_ [E=E
pthread_rwlockattr_ EEHIEMENR
pthread_spin_ Bhet
pthread_barrier_ P&
pthread_barrierattr_ FRIEEBHEHNR
sem_ E5E
ma_ JHEBAT

42 KEB 453 PthreadsRIR M ITRLIIMIR E]O1E, ARINNRE—E&7E<errno.h>3k
XEHRMEIRRE, RBRSBRERKHZIEPthreads, tE#Llinux, MacOS X, Android 0
Solaris, ELLfERPthreadsMIER B RBENNAREFBRIFIFIRIEN, TUERSIHE
Pthreadsfy¥F & L BEIERIFIEIT,

17.1.1 TERT-Thread{EFPOSIX

7ERT-Thread R {EEFPOSIX APIIE O B1EJLANER Sy : libc (fBlgNnewlib ) , file system,
pthread¥, FTErErtconfig.hFRITHHERAVEI:

#define RT_USING_LIBC
#define RT_USING_DFS
#define RT_USING_DFS_DEVFS
#define RT_USING_PTHREADS

RT-Thread LI} T PthreadsHY KER 7 R FNE &, FRIBPOSIXITATE X fEpthread.h,
mqueue.h, semaphore.hFlsched.h3LX 48, PthreadsZlibcBI—4FFE, RT-Thread®
fPthreads@&E FRT-Thread NiZX M HITT R, EEHFMFSPOSIXITE, BEETRIFANA
RT-Thread P SEIRHPthreadsiR 5 K B X IHEE,

17.2 472

17.2.1 ZIZ9)HR

typedef rt_thread_t pthread_t;

pthread_tZrt_thread_tREMEE X, ENX#Epthread.hkXHEE, rt_thread_t=ZRT-
Thread V&2 AR ( REIEARIRET ) , BIERLREEHIRIEH, EEIRLENEELE
X—/ pthread_tEEMEE, BMNEIFEIN T HCHLIZZHIR, KIFEHIRZRIER
ZRATEBLEN— MRS, EFRTEEN—LER, FIMREE, LIEBMNLIE
RIS, SRR AIERE MRS EERT-Thread RIEF ML IAESEE—E8iF
MM,
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17.2.2 gIELTE
BRI ZS R EY

int pthread_create (pthread_t *tid,
const pthread_attr_t *attr,
void *(*start) (void *), void *arg);

S8 R
tid IBELIE DML RIS, REEANULL
attr BRI EBMMTEE, WREANULL, NERAIIANLERML
start T2 DRt it
arg BBALIEAORBISE
BRIBGR O]

BIRRINREOC, SHILEMREEINVAL, WNRERINESERTFEKNIREENOMEM,

LEERZL BIFE — M pthread%#2, LLERES NS BEPOSIXLE IR EIEIRFRT-Thread & 215
IR, FIBLREFIRMERNE (LIEID) REESHKUIEENAEE, LEERIRT
TRATFEEMEIZRIRELLIE; HiCattrlERMNEIERM. startlEEMN&RRAORBRA
AR BSHargREFELIERIBRINEIZEFIRE, MREIZFCEMIN, KIEUZHEAHMLE
D, SEZRGMIEE, NRLECIREAN, NEBRZAILESENER,

XTFEEBRMREXRBSELESLFE—EEGFEANA, —REATRBAEKIAE
HEFAET A,

EE: Sl@EUipthread&iz2fE, NMRLEFTEESCIRER, FEi&Epthread&iER
detacht®=\, s{&E{EMpthread_joinZ1F8IR2/GHpthreadZT2L4ER,

BIRLAIREROINE

MTREFEVIRE21MEE, ENRERERMNAOZRR, ERENWAOSEAEE,
Hitgy, EMNESHERNMER, HUREREITEREE,

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>

static pthread_t tid1;
static pthread_t tid2;

static void check_result(char* str,int result)

{
if (0 == result)
{
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printf("%s successfully!\n",str);

}

else

{

printf("%s failed! error code is %d\n",str,result);

/* SFENC RS/
static void* thread_entry(void* parameter)

{
int count = 0;
int no = (int) parameter; /* FSZFENIS% */

while (1)
{
/* FTENM R EFEHEE */
printf("thread%d count: %d\n", no, count ++);

sleep(2); /% {REE2RD */

/* APNAAE */
int rt_application_init()
{

int result;

/* BIBEFET, BHAZOAE, ADR¥UEthread_entry, NORESIHET */
result = pthread_create(&tid1,NULL,thread_entry, (void*)1);
check_result("threadl created", result);

/* BIBEFE2, BMHAZOAE, AOR¥UEthread_entry, NORESIHE? */
result = pthread_create(&tid2,NULL,thread_entry, (void*)2);
check_result("thread2 created", result);

return 0;

17.2.3 %IEHE
F B ER

int pthread_detach (pthread_t thread);

N
%
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thread LIZR (ERBIRIRT)
EIFHR O]

HiR[E0, 2R2MIN.

FRALERE, tRpthread&% 2R BLER, MG thread ZREEMHMN N BRESIZRE R
detached; Hthread%fZELLERE, RAIGME WK pthread% iz SHMZFIR.

FEAE: F&FI2IEApthread_detach(pthread_self()) ( pthread_self()ik o] = Bij i B 4k
EHLIZENE ) , & Hittki21HApthread_detach(thread_id), *F&IEBHM D BIRS
SERMIFENA.

2 —B&EBMMNYBEIRTIRE Hdetached, ZLIEREEM pthread_join()ERENE
FEEMWIZE Mdetached,

KIERBROICIE

UTFREFRYBE214IE, SlRBERENMLEER, ARBRERELER. 20 %iE
HEMREABRERE, 21MEEEMTEBREREEMRYE, BRHEERAF2EMNEK

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>

/* BFEISHIER */
static pthread_t tid1;
static pthread_t tid2;

/* BREOREHERE */
static void check_result(char* str,int result)

{
if (0 == result)
{
printf("%s successfully!\n",str);
}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}

/* BFRINHeRE/
static void* thread1_entry(void* parameter)

{

int i;
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printf("i'm threadl and i will detach myself!\n");
pthread_detach(pthread_self()); /*EFRRIRB R/

for (1 = 0;1i < 3;i++) /* JERFTENIREE. */
{

printf("threadl run count: %d\n",1i);
sleep(2); /* {RAR2FD */

printf("threadl exited!\n");
return NULL;

/* SRR K%/
static void* thread2_entry(void* parameter)

{

}

int i;

for (i = 0;1 < 3;i++)  /* EFMTENIR(EE */
{

printf("thread2 run count: %d\n",i);
sleep(2); /* {RRR2¥D */

printf("thread2 exited!\n");
return NULL;

/* BPRMAAA */

int

{

328

rt_application_init()
int result;

/* BIBEFET, BHEAZOAE, HBRERZNAME oinable,

* ANOeR#Ethreadl_entry, ACBRESECANULL */
result = pthread_create(&tid1,NULL, thread1_entry,NULL);
check_result("threadl created",result);

/* BIESFEL, BMEAZOAE, HERTAFZIAE]oinable,

* NOR¥Ethread2_entry, AQORESECANULL */
result = pthread_create(&tid2,NULL,thread2_entry,NULL);
check_result("thread2 created",result);

pthread_detach(tid2); /* PRESERFE2 */

return 0;
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17.2.4 E1F4IE4
B F R

int pthread_join (pthread_t thread, void **value_ptr);

28 {::pU
thread LIZAE (LIERRR)
value_ptr RAPEXRIET, RARFERFEEHIEMREEL, THEH
pthread_join()5%BX
BRI ESR ]

BATRINREIO, %4i2joinECiREIEDEADLK; join—A9BEIKZS fadetached 4% F2iR
BEINVAL; 3% ZIpthreadF2iREESRCH,

LR R E IR ZR ML IZUBREN S AN EFFEESBREM joinablefIthread %42
IBITLER, FHikGthread&IZRREE, IREMEMIURTFEvalue_ptrE, FiEithread%
EERANEIR,

pthread_join()Flpthread_detach() SR INEELML, MRELELEREAREINEIES
RAHZRR, XREAESFECLER, threadZ 2D BIRES WA Rjoinable, —/N&FE
RN N — R pthread_join()iBA. B EIRS HjoinablefI L IENEHEHMEENENTT
pthread_join()f5, EFSANRZEASER. Bt TEEZAFERE, MESERIBITH
%12, P"BIRESELE®RNdetached, B4 EApthread_join()REWWEH S RMIZEIR,

e

MTFREFREENEL2INERE, SREHERNMEER, BRMTRILIERZEN
B FREEE, 27BN S BIRS IEINEjoinable, 4i215%5FIRIZTT, EIFFTEN3
RIEBBER, 4i22iBApthread_join(PFEEFHLIZ1ER, FEWLRE1SANAR, A
R BRPHARITEI—XRER.

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>

static pthread_t tid1;
static pthread_t tid2;

static void check_result(char* str,int result)

{
if (0 == result)
{
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printf("%s successfully!\n",str);

}

else

{

printf("%s failed! error code is %d\n",str,result);

/* SRFRINEA KL */
static void* thread1_entry(void* parameter)

{
int i;
for (int i = 0;i < 3;i++4)  /* EFTENS(SE */
{
printf("threadl run count: %d\n",i);
sleep(2); /* AKAR2RD */
}
printf("threadl exited!\n");
return NULL;
}

/* BFE2 N eRE*/
static void* thread2_entry(void* parameter)

{
int count = 0;
void* thread1_return_value;

/* PAFEFRFEFRNEITER */
pthread_join(tid1, NULL);

/* BFRRBTEMEEFtatmL >/

while(1)

{
/* FTENSFEHEEL */
printf("thread2 run count: %d\n",count ++);
sleep(2); /* AKAR2RD */

return NULL;

/* RPNEBAA */

int rt_application_init()
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int result;

/* BIREFET, BHARAE, 9 ERERZIAE]oinable,

* NAR#Zthreadl _entry, AERESECANULL */
result = pthread_create(&tid1,NULL,thread1_entry,NULL);
check_result("threadl created",result);

/* QIREFRL, BUMEAZOAME, HEIKERZIANE] oinable,

* NFER¥2thread2_entry, ACERESHCANULL */
result = pthread_create(&tid2,NULL,thread2_entry, NULL);
check_result("thread2 created",result);

return 0;

17.25 #iERH
Bk (ki

void pthread_exit(void *value_ptr);

S8 YN
value_ptr BAFPEXIIE, ARFERSFSEIEIMROERL, THEKH
pthread_join()3XEX
BRI EUR [E]
IR ES B IR O E,

pthread 232 IHRLLR R L IEMIT, WMEEFZIEAexitOR—#, FiREI—NMERLZ%
EREERET, LB REBLIEEBRIE,

IR BERENDBIRES joinable, LIZRHBFZEAESANTREATSIEENR, ©
AU A pthread_join()EREFR 18472 5 IR IR,

HIBRA RO

XM EFWMAN2NEE, ENRERENMAEER, HEMAERNAERREEA
REFAE, 21N EREERENSBRSHEIAME]oinable, &i21%FREBIT, HE—XERRE
RER27), Z/RFTENRHERARERIGIT. 4i221AMpthread_join(BEEFFEIZ14R,
FEIRLIR1 S ANEIR, AREE2EMMHSITE—XIER.

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>

/* SFEEHIBR */
static pthread_t tid1;
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static pthread_t tid2;

/* ERBUR [B{EAZ X ERER */
static void check_result(char* str,int result)

{
if (0 == result)
{
printf("%s successfully!\n",str);
}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}

/* BFRI N K%/
static void* thread1_entry(void* parameter)

{
int count = 0;
while(1)
{
/* FTENSFRHEERIL */
printf("threadl run count: %d\n",count ++);
sleep(2);  /* {RIR2RD */
printf("threadl will exit!\n");
pthread_exit(0); /* ZFRI1EFHRE */
}
}

/* SRR N RE*/
static void* thread2_entry(void* parameter)

{

int count = 0;

/* PAEFREAENSITER */
pthread_join(tid1,NULL);
/* BREIFFIREITEMEE */
while(1)
{
/* FTENSFHEERE */
printf("thread2 run count: %d\n",count ++);
sleep(2);  /* {RHE2RD */
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int rt_application_init()
{

int result;

result = pthread_create(&tid1,NULL,thread1_entry, NULL);
check _result("threadl created",result);

result = pthread_create(&tid2,NULL,thread2_entry,NULL);
check_result("thread2 created",result);

return 0;

17.3 B

ERBIXUBEEHIRNESE, B MEHRNZEGESE. SRIARFRIIEZEEFEN
TEM, RIEEE—NZ, REEF-—NMEBALNZEZERE, SEZHORZRERE, YAk
ZAEFRH, HOEREEERRERD,. RAXNWEZHZREIFEATE. 10, SCI, SPIE,
MRFANEFZRN AR ZFIRTESEMEIE, AA—NMEIERRES —NMERENHRE
FEMIEFERATIZRER, FARHRERZFELIELIL.

ERBIMRIEFRERM LB, B—NZARSE-MEEREENERY. 5364
EHEEN, EREATAVIKE, HXMEIERBENMAEN. Bk, SXNMEERRE
B, BWNEREHITHY, XFENAEN, HS—MEEHEEREN, HithEIRIG R EER
WEHITHRIHIFEE,

WE RS EERIESIE: HApthread_mutex_init ¥Rt — M EFE, 1BA
pthread_mutex_destroy() 88 B /i, AR pthread_mutex_lock()XE/FHi_ 81, B
pthread_mutex_lock()¥t & /i R i,

FERERMSSH—NMEERIBAREIZMERIIE, ERT-ThreadBERAHPIIMAZE
RERGREE, MERBERE, REENSBEEMTZRMRMEREENNER, F2
S5mMESFHZARNEETRELARENBRNERENMARESE, AENIT, MHXMEMR
TREAERIZABREN, MEAEREFHEZVRKIGE, B, BRAERNEZERRTRAR
TR fFT R E S RRIZLTRIR &

BRBEERRENERAESEBESERT-Thread RIEEFMES AR S RBE—EERFE—
T, BREEE

17.3.1 BERBUITHIR

BNMNERINN—IMNERDBIZEIR, 88N ERBFITHEGN—LER, CIBE R
BIINFETE X — I pthread_mutex_tZEEIRY T E, pthread_mutex_t@Epthread_mutexBIEE
X, pthread_mutex3UIBLEME X fEpthread AR, FUBLEMIIT :
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struct pthread_mutex

{

pthread_mutexattr_t attr; /* B RPN */

struct rt_mutex lock; /* RT-ThreadE gz */
b

typedef struct pthread_mutex pthread_mutex_t;

rt_mutex;gRT-Thread NAZEIEXH—MEURGEM, E X Ertdef .h3UHE, BURLEMIIT :

struct rt_mutex

{
struct rt_ipc_object parent; /* #RAEEipc_objectzE */
rt_uint16_t value; /* B FEIE */
rt_uint8_t original_priority; /* FELRER RIS EK */
rt_uint8_t hold; /* BRBFEFHEITESR */
struct rt_thread  *owner; /* METHAB LS TE */
b
typedef struct rt_mutex* rt_mutex_t; /* rt_mutext_tAtsm B FOEEMIKRTEST */

17.3.2 BERFHI¥IENL
BRI R A

int pthread_mutex_init(pthread_mutex_t *mutex, const pthread_mutexattr_t *attr);

S iR
mutex ERBiAN, NEEANULL
attr EBEERUEMIEE, BIZIBENULL, NERZKIANEM,
PR FUR [E]

PIALAINRED, SHILRGREIEINVAL,

LRSI mutexE/FHI, HRBattriE@MEFBIBMENRKIEEmutex B, M
AR EER B TR EBUKS, LIECTUAIREY, LEERER X rt_mutex_init()& £ #95
o

FR T A pthread_mutex_init(EREIB—MNE K, ERIUAZE
PTHREAD_MUTEX_INITIALIZERKFSH AL E R, F3i%: pthread_mutex_t mutex =
PTHREAD_MUTEX_INITIALIZER ( EHMAEE ) , FETFiAHpthread_mutex_init()Efattrg
EFINULL,

XTERVBEHREXRHKELESRFEE-EEFTIFANE, —MIELTRAZKIA
BT,

17.3.3 tHE Kol
ERIFREY
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int pthread_mutex_destroy(pthread_mutex_t *mutex);

S8 iR
mutex ERBiIAN, NEEANULL
BRI FUR [E]

HERRINIREI0, mutex HZEIHE MutexB R # HERITIRMEINVAL, B R HIEERER
IR[EIEBUSY,

LEER S HEEmutexE K Bi, HEREERBimutextFRIVBILKRS, BERUBEERH
FIEMHFIZFIRSHEAREER, Ea]NiAMpthread_mutex_init) X HESR M E RBIEH
Wtat, EAREEHNEAZPTHREAD_MUTEX_INITIALIZEREE S ¥ WAL E /K i,

YMEERIPSEHBIE, BeBAIEEETZERBI L, ATUHKRIZE R

17.3.4 FEEFH AN E 8L
BRI R A

int pthread_mutex_lock(pthread_mutex_t *mutex);

S HiR
mutex ERBiAN, NEEANULL
PRIFUR [E]

B IN EBHRE0, SHEMIREIEINVAL, BEFBimutex R ABREBNBRATLEIZEEE
AAIREEDEADLK, O LEEHBIImutexE B LB, LERIBR T rt_mutex_take()R £ RIT
#, MRERFRBimutexi®&B# LB, BARFTZERUNEZIERMINNZE K8 L5,
MEERFBimutexBEWHRILIE LB, BERBIEEADRED, NizERFBINFEITH
m1, HEIEREMARERESS (B8 , BLEOHIANNEBREBRS,. NRE KB
mutex#E Hith4 2 EHitEE, NHRILRGHAEE, —ERHEHMEENZERBiIRYE, &
F12 8 R E TG IR R ot e M RIR N3 B & /K,

17.3.5 FFFEHEHR X T i
BRI R A

int pthread_mutex_trylock(pthread_mutex_t *mutex);

S8 iR
mutex ERBiIAN, NEEANULL
PR FUR ]
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FIN EBERE0, SEHEMOREIEINVAL, ERSimutex R ABRRESINE R TEIEESE
FIREIEDEADLK, ERFfiimutext 4 E fth 42 F Hi3REEBUSY,

LEeR# 2 pthread_mutex_lock()E£AVIEBEERR A, XAIEFMREFBimutexBEH
8, ZEASHEE, MRS LLIROEIRE,
17.3.6 EBRBiER

RIE R A

int pthread_mutex_unlock(pthread_mutex_t *mutex);

S8 Pt
mutex ERBiIAN, NEEFANULL
PR FUR [E]

PR IN EHHREI0, SHARUREIEINVAL, BHIEMEIRFEMEE N EDINE R
mutexi® [B]EPERM,

FALERBLEmutexE K BiIfFHI, X rt_mutex_release() R AVTIR, HEIETME
ERFEMNAONE, NRREREENERD, EEHMEEERMNREZERD. REGELE
HEERINGESEENE, BEER—RZERS, EMNFEEITHAME., SZERFEN
BEITHATR (EELEEEBEMAENISEIRIE) , ERUAT A, FEEZE
i EREIEgiRgHEE AN REE, MREENSTRERBERBRER, BLEER
BERE, LERENIFEERBEINMLER.

17.3.7 EBERBURHICHE

BNEFEMBN2ANER, EIRERRNMRER, 2 MNEREHSERARE—Mprinter()
FEHECHNERS, printer0BRBRIABE—NFER, ZEKRE1F, BAprinter()
RHHIEREH KR, WERNERERY, SR 1FTNT —AFH, KESRTLE2,
BIZUTEN—AFH, XN R BTSRRI FEIR2NFEF SR, ITONHNFHREER
ELh, tNRERTERBURIP2NEIEHZRITENR Fprinter(), L1 ERBEHIT
printerOFTENREITEN—AFH, ZEARER, XRUVKRL%E2, BHERSERKS
1L, 4i228ME, B4R INFHRITNRBREINBRRERMEEIE2T BB
BE,

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>

static pthread_t tid1;
static pthread_t tid2;

static pthread_mutex_t mutex;
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static void printer(char* str)

{
while(*str != 0)
{
putchar(*str);  /* Hith—A 5% %/
Str++;
sleep(1);  /* {RERTRD */
}
printf("\n");
}

/* RFOREHEKE */
static void check_result(char* str,int result)

{
if (0 == result)
{
printf("%s successfully!\n",str);
}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}
/*EFEAOY/
static void* thread1_entry(void* parameter)
{
char* str = "thread1 hello RT-Thread";
while (1)
{
pthread_mutex_lock(&mutex); /* B RPILEPE */
printer(str); /* ViRlZLZATEREL */
pthread_mutex_unlock(&mutex); /* 5[al5ohl/afi#sl */
sleep(2); /* ARAR2RD */
}
}
static void* thread2_entry(void* parameter)
{
char* str = "thread2 hi world";
while (1)
{

pthread_mutex_lock(&mutex); /* B 54 b4 */

printer(str); /* UjrJdt=ATEDeREL */
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}
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pthread_mutex_unlock(&mutex); /* vila)5Call/afizdnt */

sleep(2); /* {RBR2RD *

/* RPRKAAE */

int rt_application_init()

{

int result;
/* Mhat—NERFS */
pthread_mutex_init(&mutex,NULL);

/*BIFRLFE, FEANM B threadl_entry, BHSHCANULLIEEZIOAE, AASEHENULL*/
result = pthread_create(&tid1,NULL,thread1_entry,NULL);
check_result("threadl created",result);

/*BIFRLFE2, &FEANH B thread2_entry, BMSHCANULLIEEZIUAE, ANASEHENULL*/
result = pthread_create(&tid2,NULL,thread2_entry,NULL);
check_result("thread2 created",result);

return 0;

174 HHETE

FHTEESMR—MESE, BTERERRS, FMTERRMEE—LE, HFHF

AENEAEMEIRRE— N RY, FAELENMRRE, RMMETEFENERUESER,
ERBARFRIPHZHIE.

z3

FHTEFTUARBNAZHERT. tLN—MEEHZHFRATIMLIZRIEAT R
MR RESER, BERE—ITTRERMEIAIF, RIIEELX —ITREEZERESH

RS IR,

SHTENTERERRE: (BApthread_cond_init)3T &G T EYWHRL, BE
pthread_cond_destroy()$H 8% — mﬁ:xz, @R pthread_cond_wait)F#HF— M ERHETE,
1BFpthread_cond_signal)&ix2—MNEHUTE,

1741 FHELEEHIR

|-

BAFRGTENN—IMRETEREIR, BRNFHTEHTIRFN-LER, ¥
EUTEFTERE N —Mpthread_cond_tRH T EIEFIR, pthread_cond_t2

pthread_condEMAERBIMNEE X, EXfEpthread. hAXHE,

struct pthread_cond

{

338

pthread_condattr_t attr; /* FHEZERM *
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]

struct rt_semaphore sem; /* RT-Thread{s S =I5B */
b
typedef struct pthread_cond pthread_cond_t;

rt_semaphoreZRT-ThreadNAZE & XH—MUIBLEM, RS =EITHIE,
FE M FErtdef . h3kr B

struct rt_semaphore

{
struct rt_ipc_object parent;/*4f/& Fipc_objectzs*/
rt_uint16_t value; /* (5 =HE */

b

17.4.2 WIRILFHEHEE
BRI EY R EY

int pthread_cond_init(pthread_cond_t *cond, const pthread_condattr_t *attr);

28 f#in

cond FUEEAM, TEEANULL

attr BRFTEEREMNET, EANULLNERRINEMSE
BRI ZSR []

VAL INIR[E0, SELRUREIEINVAL,

LR =HIAMcondFHFTE, HIRRBattriEaNFHTEEHIREEEM, bR
N rt_sem_init )R — 1 31R, ETESEXU, VIRMERERGZELTARITAERK
N

BT AP ZPTHREAD_COND_INITIALIZERERSHI B — N RUTE, FHik:
pthread_cond_t cond = PTHREAD_COND_INITIALIZER ( EMAEE ) , ERTIAR
pthread_cond_init()BTattrig E ANULL,

attr—fiRIRENULLEREINMERNE], BERSELIESRRE—ENA,

1743 HRFHTE
ERIFRE

int pthread_cond_destroy(pthread_cond_t *cond);

S iR
cond ZHUT =0, NEERNULL
PR FUR ]
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HEMINREO0, SHAKRMEEINVAL, FHLEIFAERERIREIEBUSY,

LR EHRoNdFHTE, HEBREondETFRYBLIRE, HRZEFHEENE
M RIZEFIRSBAIGAER, ErILLIEApthread_cond_init() s EFS I NEMWIBIL,

HRFMTENFTERERELREREEEZFHTE L, BASFHRE XESH
&I &

1744 PFHEARNFKEFHTE
B H R

int pthread_cond_wait(pthread_cond_t *cond, pthread_mutex_t *mutex);

2 R

cond ZHTERIA, RNEERNULL

mutex O E RIS HEIRIEE, TEERNULL
EIFHR O]

PR IEREGRHEEIRE0, SETHREEINVAL,

RS UPEEA IR cond R U BE, ARESFHERATENTEL T mutexBERH
BiE, LERBELFINRGEERETAH, MRATITRANMNBL—NMRERE, Z/EHEH
mutexBRFHi, RESWNREM—MESE, SESEEATEN, RBESETH, &2
RGESE, UHRBZFRATEE, HNNESEERRA. MRESENESTE, KA
SEEANAA, 4IEHEEERESETA, ZREmutexBERBIER L,

17.4.5 I5EPHEM BIXENFZHETE
FFE A

int pthread_cond_timedwait(pthread_cond_t *cond,
pthread_mutex_t *mutex,
const struct timespec *abstime);

S8 Eipu
cond ZHTERIA, TEERNULL
mutex R RBIEHIRIVIES, TBEANULL
abstime BENSENE, PAURIRERZRNHTIE (OS Tick)
BRZHR ]

IR R G T E1RE0, SHILKIREIEINVAL, #BAHREETIMEDOUT,
LERR $FNpthread_cond_wait(EZME—HIEFITE T, NREGTERTTH, LI2EHAE
ZEabstimedt, BN EERIISEEREETIMEDOUTHEIRE, SIZIGSMRERFEARLES,
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17.4.6 RiEHBSH
BRI ZS R EY

i

il

=
=

int pthread_cond_signal(pthread_cond_t *cond);

5 R
cond ZHTERIA, RNEEFNULL
PRI FGR E]

HiRM@O, 2RI,

IERBERE—MEESHRRE - EFondFZHE EE’J@%&, = ¥frt_sem_release()
RHIE, HHMREAE—NMESE, HESENESF , HFEB4ESFHFINMESE
Ay, 4—:”3&@&"”’*?‘1? SSEL&ENINPRIE —NLEIE, EElbsz)l ESE. BNFEESEN
&1,

17.4.7 %
FFE A

int pthread_cond_broadcast(pthread_cond_t *cond);

5 R
cond ZHTERIA, RNEEFNULL
BRIHGR O]

FERINIRE0, SEERGREIEINVAL,
1B A LR EIG IR EEFT B E1Fcond R HF T EMLIE.

17.4.8 FELERAINHG

ENMEFE—NEFEERERL, - 1NEFELRE, —NMNERELE, ENA
BEMHEENRER, £FEERPDRLEF—MNF, MElheadtE@MNERER, Z/F1AR
pthread_cond_signal()45iH B E L IERES, BIERELEUREAGHRE. BHRELE
18R pthread_cond_wait()FFE=ELEREES,

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>

#include <stdlib.h>

/* BSAHRAYAN—NEFPFR—ANRHETE */
static pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;
static pthread_cond_t cond = PTHREAD_COND_INITIALIZER;
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/* FEMEBFHTHIRMKIFEST */
static pthread_t tid1;
static pthread_t tid2;

/* RBUREHEEE */
static void check_result(char* str,int result)

{
if (0 == result)
{
printf("%s successfully!\n",str);
}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}

/* AETEFRA TR, FIRERRE Y/

struct node

{
int n_number;
struct node* n_next;

Y
struct node* head = NULL; /* fisesk, BH=%0 */

/* IBTRELFEANCREL */
static void* consumer(void* parameter)

{
struct node* p_node = NULL;

pthread_mutex_lock(&mutex);  /* %fB 54 b4 */

while (1)
{
while (head == NULL)  /* J¥iitREERETE */
{
pthread_cond_wait(&cond,&mutex); /* il Fihyse¢bir s */
}
/*

pthread_cond_wait()&Zexdmutexfigsi,
SRIEPAEAEERFING, HEHRIRKHTE W MEE,
BRBRSS, IEFRLB A mutex E81, BINENGERX,
*/
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p_node = head;  /* ZZ&5E */

head = head->n_next;  /* SLfgftram F—aR */
/* FTEMGE */

printf("consume %d\n",p_node->n_number);

free(p_node); /* EERIRIFERERBRT md BRRGE */

}
pthread_mutex_unlock(&mutex); /* BIE R </
return 0;

}
/* EFEERELFENORE */
static void* product(void* patameter)

{
int count = 0;
struct node *p_node;
while(1)
{
/* ESE—REEMIERNTE */
p_node = (struct node*)malloc(sizeof(struct node));
if (p_node != NULL)
{
p_node->n_number = count++;
pthread_mutex_lock(&mutex); * FER{Ehead XMIHR IR, St */
p_node->n_next = head;
head = p_node;  /* fHEEFRIAENEIE */
pthread_mutex_unlock(&mutex); /* fRgs */
printf("produce %d\n",p_node->n_number);
pthread_cond_signal(&cond); /* KisSHEE—NEFE */
sleep(2);  /* {RHE2RD */
}
else
{
printf("product malloc node failed!\n");
break;
}
}
}

int rt_application_init()

{
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int result;

* BEBRATTELRE, BHAZOAME, AAR¥GEproduct, ANHERESHCANULL*/
result = pthread_create(&tid1,NULL,product,NULL);
check_result("product thread created ",result);

BRI B LR, BUAZOAE, AOREGE consumer, A\RESHENULL */
result = pthread_create(&tid2,NULL,consumer,NULL);
check_result("consumer thread created ",result);

return 0;

17.5 1B

EEBEM RS IREREEN, EEHENAZTRENBEEXSMIZENEE, i%E
AWHERFHITIZAR, BEVNFEENHEZRZREITERF, FA—REREGT—NEIE
UEBEEEREAIEE {E'E’—IU\ﬁg SZRERNSEIMERNNIREH, XEBES TN
BEMPAMLEERBZB/ZHNER, BRIEEANENTIURE, SRABENERE
HA,

EENEERETERMMFEEEXMA, —MNMEIEFIUN —MEBHHHITZRIEE
BiE, EFEDTENRREHRE B,

EE SN EEIRERE: {BBpthread_rwlock_init) WAL —MES 8, SLI2EE
pthread_rwlock_wrlock()FHEZEWEHIE, 1%4i218Apthread_rwlock_rdlock()3i%E #iix
HIE, SAEEFEALES R AR pthread_rwlock_destroy()iH8&1%5 %,

17.5.1 ixEHIEHIR

BMEBHINN —MEISBHTHIR, SRMEEHIHTRIFN—LER, pthread_rwlock_t
Zpthread_rwlock B EMMERE X, EXfEpthread.hkXHE, ERIE—MEEHZ#l
EEHTE X — M pthread_rwlock_tERIREIRLE K

struct pthread_rwlock

{
pthread_rwlockattr_t attr; /* EEPBEM *
pthread_mutex_t rw_mutex; /* B */
pthread_cond_t rw_condreaders; /* AR E, hEELFEER */
pthread_cond_t rw_condwriters;  /* Zf{4ArE, (HEELFUER */
int rw_nwaitreaders; /* RBLFEFFT */
int rw_nwaitwriters; /* BELTEFFTE */
/* EEGUE, B0 K EHEA-  HEELRENE, ATME | T BLREUEHE */
int rw_refcount;

b

typedef struct pthread_rwlock pthread_rwlock_t; /* KBVEEN */
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17.5.2 =54
BRI ZS R EY

int pthread_rwlock_init (pthread_rwlock_t *rwlock,
const pthread_rwlockattr_t *attr);

S8 A

rwlock EEHiAM, NEEANULL

attr IEMiEE U EMEMEET, RT-Thread MERLLETSE
BRIHHR O]

VAL RINREO, SEERREIEINVAL,

LR SWIBE— Nrwlockiz B 8, LhRFERIIMEVBRLIEE BHEFIRMES 2
ZHTE, EXITBSEVIBAE, EREEMNESBILTR LSS,

BB BA{ER ZPTHREAD_RWLOCK_INITIALIZERRER S HIIALIEE 8, Hi%:
pthread_rwlock_t mutex = PTHREAD_RWLOCK_INITIALIZER ( A EE ) , SETFIEA
pthread_rwlock_init()BSattrigE ANULL,

attr—fiRIRENULLEREINERNR], BEARKELESRRE—ENA,

17.5.3 HKRIZEHI
R EE R

int pthread_rwlock_destroy (pthread_rwlock_t *rwlock);

28 AR
rwlock S BRI, AEEANULL
BRIHLR O]

HEERINRE0, SHIARUREIEINVAL, EEHiHRIEERERAREBLEEFXIEE
iR [BIEBUSY, &‘iﬁEﬂ [EIEDEADLK,

LR SHB—MrwlockizBHi, WHNMNSHRIZEMBEMNERBIMNFZMTE, HERZ
FRiIEEHI B RIETIRSHBAEEY, BEe]UiAApthread_rwlock_init)FHXEFHSH R
EMYRHTIEEL

17.5.4 1EEHUEDIE
PAEARIHES BHEBE
FFE R

int pthread_rwlock_rdlock (pthread_rwlock_t *rwlock);
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2 AR
rwlock S HIAE, AEEANULL
RIEGR O]

SIEMINRE0, SEHIEBEIRMEEINVAL, &4 ZEHiREIEDEADLK,

1EE L FE 0] LU B LR SR Y rwlockiE B St I TiEBIE, MNRIEEHSEHEBEHFE
REGELEAEAZIZEN L, 5L EMINGFEIZIZEH, NRIZSHEL2HS B
E, ZELIEEAEE, BEFENEZIEE DRI TZMHI,
EEEARTEEHIEBIE

R R EY

int pthread_rwlock_tryrdlock (pthread_rwlock_t *rwlock);

S8 R
rwlock EEHIAm, AEEANULL
CRIEGR O]

WEMINREO, SEHEMREEINVAL, &4FEHHROEDEADLK, 548 I#H S BiE
HEEEELIEEEEZIEE B LIREIEBUSY,

IteR#Fpthread_rwlock_rdlock) BB AREE T, MRIZEHELWEHE, REL
EASWPEE, mEiRE—/MEIRBEBUSY,

15 E PHERY ) IR B HHEBIE
BRI ZS R EY

int pthread_rwlock_timedrdlock (pthread_rwlock_t *rwlock,
const struct timespec *abstime);

S8 A
rwlock EEHiAM, NEEANULL
abstime IEEREGRE, BAURRIERAEN TR (OS Tick)
ERZHR ]

SIEMINREOC, SHMIERGRMEEINVAL, &4 FE4iR[EEDEADLK, #AtiR [E ETIMED-
OuT,

ﬁt@ifﬂpthread_rwlock_rdIock()@%zﬂ’ﬂ\lﬁlr? MRIEEHELKHSIE, &L
R SMEEEEMabstimert, B EXREUIGIROFEIRIGETIMEDOUT, &%iZiGSRI%EE %
ANFREETS,
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17.5.5 ZBHEHE
FEEAVHEEHE B
BRI ZS R EY

int pthread_rwlock_wrlock (pthread_rwlock_t *rwlock);

S8 I
rwlock XS HIRMA, T~EEANULL
BRFHRE]

BEMINREO, SHIMREEINVAL, &4FEHHREIEDEADLK,

SELIZHRLRB I rwlockizBHi#TEME. SUWEIREHXNEFE, F—HZ
REFE-ITEESHEIREN. MRLBLEIUEZIEZEH, MEEHEN0, BALLERHK
WEELIEREHEIREH, EAELREAEREIEEY, MRELBLREEMEZIZ
54, BEEBEAR R0, WELERKHAEE, BRS8N,

FFFEEHABHEIES
BRI ZS R EY

int pthread_rwlock_trywrlock (pthread_rwlock_t *rwlock);

S8 iR
rwlock ESHIAE, AEEANULL
CRIER O]

BIEMINREO0, SHERREIEINVAL, &Z4FEHIREEDEADLK, £S5 HiE FI#HE BiE
N EBEEELZMAETXIEE B LIRBIEBUSY,

Itk & 8 Fpthread_rwlock_wrlock( BB E— M ARRE T, MREBLELEBTEZIES
B, BNEBEBEA R0, MIFAZRBNEELEZSERRO—MEIRNBE, LEASHIE

int pthread_rwlock_timedwrlock (pthread_rwlock_t *rwlock,
const struct timespec *abstime);

His

W
ﬁ
[

rwlock abstime EEHiAM, NEEANULL IBERSETE, BAIRIRIERSAT
T (0S Tick)
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BRHUR O]

BIEMINREOC, SHEMRMEEINVAL, &4 JEHiIREIEDEADLK, BEYiR [EETIMED-
ouT,

ItE 68 # M pthread_rwlock_wrlock() R B ME— I ARE AT, NMRELZBLIEUE ZIR
S8, MiZEBEAR R0, ARALIEEEREEMabstimedtK, B /ERBIGIREHEIRG
ETIMEDOUT, ZIZRSMREEH AFMES,

17.5.6 1EEHikED

int pthread_rwlock_unlock (pthread_rwlock_t *rwlock);

28 AR
rwlock EEBiaM, NEEANULL
EIFHR O]

BRBINIIREO0, SEEMIREIEINVAL, FEGIIREIEDEADLK,

LERE BT LA rwlockiE S i, ZIEWR—MESHIMNBIS IR, DNERFRNE
B, ERIEBESNEIESHEVIEEIHITIE, RAGIREIEHLHANBIEEFEFNE
R

17.5.7 1E5HIRGEICHE

MEFB2MEBLE, —NEELIE, 2MEBELEEWNIISBIEBE, ZEIKIE2
RHEMIZESRETR ] DIHZIEEBHENE, ARIZBAZERUE.

X
X2

,

#include <pthread.h>
#include <sched.h>
#include <stdio.h>

/* BFREHIR */
static pthread_t reader?;
static pthread_t reader?;
static pthread_t writer?;
/* HZ¥HREbook */
static int book = 0;
/* B */
static pthread_rwlock_t rwlock;
/* REEERGE */
static void check_result(char* str,int result)
{

if (0 == result)

{

printf("%s successfully!\n",str);
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}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}
/*EFENO*/
static void* reader1_entry(void* parameter)
{
while (1)
{
pthread_rwlock_rdlock(&rwlock); /* “=utimdiiE iz san */
printf("reader1 read book value is %d\n", book);
sleep(2); /* ZFTIRAR2MD, VIMBIHMSFRZIT */
pthread_rwlock_unlock(&rwlock); /* ZiizfT/adhSaifaat */
}
}
static void* reader2_entry(void* parameter)
{
while (1)
{
pthread_rwlock_rdlock(&rwlock); /* 22ulidliE iz San */
printf("reader? read book value is %d\n", book);
sleep(2); /* ZFRIRER2FD, YIREIHMAZIREIT */
pthread_rwlock_unlock(&rwlock); /* ZiizfT/a xS it */
}
}
static void* writer1_entry(void* parameter)
{
while (1)
{
pthread_rwlock_wrlock(&rwlock); /* St E4E L5481 */
book++;
printf("writer1 write book value is %d\n",book);
pthread_rwlock_unlock(&rwlock); /* XistS4ifisnt */
sleep(2); /* &FRIKIR2ED, YIREBIHABLSFREIT */
}
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}
/* AFRMAAL */
int rt_application_init()

{
int result;
/* BN BMERIIRHEE S */
pthread_rwlock_init(&rwlock,NULL);
/*BliEreader 1282, & FZ AN Zreader_entry, LFEBMAIOAE, AOSHCANULLY/
result = pthread_create(&reader1,NULL,reader1_entry,NULL);
check_result("reader1 created",result);
/* B reader2 8, A2 AN Zreader_entry, ZFEBMAZNAE, AOSHCANULLY/
result = pthread_create(&reader2,NULL,reader2_entry,NULL);
check_result("reader? created",result);
/*BEBwriter AR, &FEA N Ruriter]_entry, &KFERBMA, ANASHCANULL*/
result = pthread_create(&writer1,NULL,writer1_entry,NULL);
check_result("writer1 created",result);
return 0;

}

17.6 [RE

FRERZLERT M —FIE, barrierBARMESHREEN, BEBFIANSNEEY
ER—#=24F51, HEIFTBE&IEEST, ARRTEMERMIT, SEANLEREMEE, 3
FrB 1AM pthread_barrier_wait() R #1472 ( MEF T FREVRLRIEER count ) EEIIX
B, RELEFSHEERSHAMBERSERESERARIRE,

FRRETRUHZEME RIS, ETZIR(EEHE: BHpthread_barrier_init()#]%A
t—NERE, Hitieki2iBApthread_barrier_wait(), FTE%&T2EIHA/G L IZMRER W N ES IR
A, BEAREERIABpthread_barrier_destroy(){H&—NRERE,

17.6.1 FREIEHIIR

BIE— NREEFIEELE X —Npthread_barrier_tZFEIZHIR, pthread_barrier_t2
pthread_barrierEMIARRMEE X, EXEpthread. hkXHEE,

struct pthread_barrier

{
int count;  /MEEMRFRFAFENE/
pthread_cond_t cond; /* ZHZE >/
pthread_mutex_t mutex; /* B </

b

typedef struct pthread_barrier pthread_barrier_t;
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17.6.2 BIEFE
F R A

int pthread_barrier_init(pthread_barrier_t *barrier,
const pthread_barrierattr_t *attr,
unsigned count);

21 iR
attr EoFEEMERIEE, ZANULL, NERZKIAE, IENULLASTE
FAPTHREAD_PROCESS_PRIVATE
barrier FRIERR
count EENFFEIENN
EREOR O]

VR INREI0, SIARUREIEINVAL,

bR S B —Nbarrier &, FREBEIIANSHN FEZHIRMNFZ G T ENE KRB
a1t, YIRHEEENEFEENE Acount, WA Mcount NIz
1B Apthread_barrier_wait(),

attr— IR ENULLEREINMERNE], BEARSKELIESARE—ENA,

17.6.3 HEFFE
F R R

int pthread_barrier_destroy(pthread_barrier_t *barrier);

S R
barrier FFERIA
BRZHR ]

HEMINREO0, SHILMREEINVAL,
LERBIRHE —Nbarrier FfE, HBRZERENBHERIEFIRSBIERAEEY, B
i pthread_barrier_init ) E#H¥1A1L.,

17.6.4 EH1EFEME
F R R

int pthread_barrier_wait(pthread_barrier_t *barrier);

\ﬁb

g

iR

[

barrier FFERIWA
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BRI F80R (O]

EEMINRMEO0, SHIABLUREIEINVAL, FEBIHREIEDEADLK,

LR E 2 FfFEbarriergifN4%iz, HENEIEEHIAA, ERESFHFEIE N Hcount
AR70, counti§®1, &R 1/Gcounth0, RE|FTELIZE LR A=M a1, FIERIAME
ERERESEREAMERT, S5RAZBPE. EH—fFcounthB0, RIAXELIELSE
BAFERE, AL EERRIFTE4IZEIARER,

17.6.5 REEREICHE

LERRFREIE3NEIE, VIR — 1N REE, FRESEEERVGRLN3, 3IPMEETRE
Fpthread_barrier_wait0FHERERT, H3MEREEEITR, 3STEARBEAMES, ZR5
FRR2PITENE L TSR,

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>

/* BFEIEHIR %/

static pthread_t tid1;

static pthread_t tid2;

static pthread_t tid3;

/* BRI */

static pthread_barrier_t barrier;

/* EOR EHER SR */

static void check_result(char* str,int result)

{
if (0 == result)
{
printf("%s successfully!\n",str);
}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}
/*EFEVNA KRB/
static void* thread1_entry(void* parameter)
{

int count = 0;

printf("threadl have arrived the barrier!\n");
pthread_barrier_wait(&barrier); /* BRBREE, HEGFHMEKRERHR */

while (1)
{
/* FTENEFE AL */
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printf("threadl count: %d\n",count ++);

/* {RBR2RD*/

sleep(2);
}
}
/*BFE2NARE/

static void* thread2_entry(void* parameter)

{

int count = 0;

printf("thread2 have arrived the barrier!\n");
pthread_barrier_wait(&barrier);

while (1)

{
/* FTENSFE TR ERS */
printf("thread2 count: %d\n",count ++);

/* RER2FD*/
sleep(2);

}
/* BFRINHRE */
static void* thread3_entry(void* parameter)

{

int count = 0;

printf("thread3 have arrived the barrier!\n");
pthread_barrier_wait(&barrier);

while (1)

{
/* FTENSFEV TR E L */
printf("thread3 count: %d\n",count ++);

/* RER2FD*/
sleep(2);

}

/* BPRNAAA */

int rt_application_init()

{
int result;
pthread_barrier_init(&barrier,NULL,3);
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ik
di0
fim

/*BIFRLFE, FEANL Zthreadl_entry, BMSHIZANILLIEZRENAE, ANHSHCANULLY/
result = pthread_create(&tid1,NULL, thread1_entry,NULL);
check_result("threadl created",result);

/*BIFELRFR2, & FE N R thread2_entry, BMSEIEANILLIEREGAE, ANASHCANULLY/
result = pthread_create(&tid2,NULL, thread2_entry,NULL);
check_result("thread2 created",result);

/*BIFELRFRS, &FEANA B thread3_entry, BMSEIEANILLIEREGAE, ANASHCANULLY/
result = pthread_create(&tid3,NULL, thread3_entry,NULL);
check_result("thread3 created",result);

177 552

SSEfUATHESHIZEZE, HEHBEALEZENEE, EMESEBE—IR
KUINFONESEE, WNESENFTAHE, BAAsem_init)sk&Esem_open()EESEER
¥1E, {AAsem_post(EFNAIAILESEEM1, EHsem_wait)aJLAMLESEEF1, MR
HRESER0, AAsem_wait )& EHRIEREZESEMNEGII L, EAESEEX
F0, RFrIRIRKZS,

BIBESEMNE (KRITAZENHE ) 89RE, POSIXIESETTUD J:

s TEESE: ESEMNERBOMI, YIBEREN. ZMNERB—HF, EFIFERRB
£, ESENER0, EXFTA, WESENERN, BETRECHE, LS
RS, TR TMHAZERFENBRIEFRED, LHBREE, SEMFZRILLHA
REMVLEIZER, ERRFNERII—F, FHESERBYIANLIZESERLMYY
EA, NEERIMER, MAKFH/ERIE

RIS E: ESEMNEREEI—MAT18RGIE (POSIXEHARARNEARTIEE
DLERN32767) . RITARRITAESENY. U, REEFESERBET AR BIHE
RARZESE, HETHESERARL, LAEEF—ICHRMNERET €, EATNHEE
AHEREZE,

POSIXESEX S N ERESENLRIESE:

- BRESE: HEREEXAH, —RATERERRSRER,

+ TRESE: HERFEREFH, —RATEEERESHER,

RT-Threadi#ERARIPOSIXEEEEEZRETRT-Thread AIZfESEN— MK, £E
ERATRARLREEEN. EAHBINMRT-Thread WZMESEERS,
17.7.1 (ESEEHIR

BMESENN—MESERFIR, CIB—MEEERBREAEXN —sem_tESEE
FIR, sem_tZposix_semEMRLEEMETE X, EXTEsemaphore.h3kXHE,
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struct posix_sem

{

rt_uint16_t refcount;

rt_uint8_t unlinked;

rt_uint8_t unamed;

rt_sem_t sem;  /* RT-Thread (5% */

struct posix_sem* next; /* FEm T MESERHIBR ¥/
b

typedef struct posix_sem sem_t;
rt_sem_tZRT-Thread(5SE5Hk, ENFfErtdef.h3k 3 HE,

struct rt_semaphore

{
struct rt_ipc_object parent;/*4f/& Hipc_objectZE*/
rt_uint16_t value; /* (=S EME */

b

/* rt_sem_t215ME semaphorefEMKRIFEETZETL */

typedef struct rt_semaphore* rt_sem_t;

17.7.2 EKRIESE

TRESENEREFEERNEY, —RBATLERERRLIER, EERAZR, YA%IER
sem_init() #1181t
TRIESEVHRIL

ERE R EY

int sem_init(sem_t *sem, int pshared, unsigned int value);

S iR
sem EEEAW
value ESRVKE, RRESERHRNTRAKE
pshared RT-Thread IS4
BRELR [

(L IR E0, HN&RME-1,

LR EAIR L — N ERIES Esem, RIBLTENHKINNSHEINES EM R BURLEHIH
TY%R1L, HFIEESEMAGEEERRKRE, YRtEESEENATENYIREvalue, LR
BRI rt_sem_create() RV R,
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HRLRESE
R R EY

int sem_destroy(sem_t *sem);

S R
sem ES 2RI
BRIHGR O]

HEMINREO, BNRE-1,
RS EHBE— M ERESEsem, HENESESRANER,

1773 BRIES=

ELRESE, HERAEXHD, —BATFHEARSHER. MmAHRENIREER
ZHMNERESE, RT-Thread R ERAHNNERESEXMHNERESEELRS, HIiE
THRFEIREMEE, FERAEBEU,

SIS AERIESE
EREN R EY
sem_t *sem_open(const char *name, int oflag, ...);
28 i
name ESERM
oflag FEEENITAAR
BRI E50R 3]

R INMIREES 6, BMREINULL,

HEERL IR EO0, BMRE-1,

R EBEESEBFnametlE— M ESEREITA I ELFEENESE.
Oflaghy el #£{EHE0. O_CREATE{O_CREAT|O_EXCL, 4NSROflagikE }90_CREATN & AIE—
MFHESE, MROflagiR BO_CREAT|O_EXCL, MREESEBEELEFAENSIRENULL, M0
BEREENSLE—MNINESE, WMROflagiRE R0, ESEREFEMNSAIREINULL,

BRI 28 R EY

int sem_unlink(const char *name);

28 R
name EESERM
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BRI ZSR ]

DBMRINEEO, HESEANFEMRD-,

LEERHSRIEESERMnameEXZEEE, HESEFE, WHESERCAR
BIRE, ZBERESIAIE, HER0, NIMBRESE, SEARN0, WEARBEHEZ
SEENAREXAESEZET MR

ANBRESE
BRI ZS R EY

int sem_close(sem_t *sem);

28 R
sem EEE81
BRIHGR O]

FYIARAIREO, &BNRE-1,

H—MERELINN, SYESANESENITIERMARE, TeLiERERLILERF
BRZLBSAITENXARE, BETRESENFKBTRRI. ER1EHEITHENA
SEEEZLTHBERE, WahiksemESEARKRESBENRIR,

17.7.4 3XEUES=E
FFE A

int sem_getvalue(sem_t *sem, int *sval);

28 R

sem SSEAM, NEEANULL

sval R1FIRENRVS S EEHUE, REeJINULL
BRI ZSR ]

FYINR[EI0, AR
LEER A PT BAFR EXsem Z%EE’HE, HREFEsvaliERNAEE, FIUMEESENAIR

1775 PEEAXEFFESZ2
F B R

int sem_wait(sem_t *sem);

28 R
sem ES 2RI, NEEANULL

a
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BRHUR O]

FYINRE0, FMIRE-1,

L IZ AR LR EFRESS 8, 2rt_sem_take(sem, RT_WAITING_FOREVER)EE %% i3t
X, BESEEATE, RIAFESETH, &IERGESE, FSEER., BESEESE
F0, REAESERTH, SEAEFHFANEERS, HREAEHFEHMNAXHNSESE, HED
ESEH,

17.7.6 FFFEEHNKEESE
BRI ZS R EY

int sem_trywait(sem_t *sem);

S R
sem SEE29, TEEANULL
BRZHR ]

R IhiR[EI0, FBMR[E-1,

LEER E R sem_wait() BRI IEPEERR, 2rt_sem_take(sem,0)F VT3, HESER
aJ AR, LIEASEE, MEEERMD,
17.7.7 IEEPEEREEFESE

R RE

int sem_timedwait(sem_t *sem, const struct timespec *abs_timeout);

S R

sem ES =28, NEEANULL
abs_timeout IEEMEGAE, BAURRIERKN TR (0STick)
PRI FUR E]

R INR[EO0, FMRME-1,

LE R E Flsem_wait VBRI X BETF, EESEARATH, LiZHEHEZEabs_timeouthy
K, BRERFRO-1, LIREHRREERPFEESHFEAIEDS,
17.7.8 XRFESE

R EY

int sem_post(sem_t *sem);

5 R
sem SS 2R, TEERANULL
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ot
i
Jio
B0

BRI EIR ]

RRINR[E0, FMiRE-1,

lltl_l’szH—:**ﬁSl NsemfEE &, Rrt_sem_release()RFHIE R, HEEFZESENE
TR AR, RPELAEEEHFZESE, F M EFZESENEERHRERKSIR
El *EH(M, f;’?—*:%éﬁlﬂlio ERBELESEFZESE, ZESEEEM.

17.7.9 ZTRIESEFERRAING

EEEFRANHARFAREFEBRERI, —NEFEEEN—NERELENE—
RAFHITIRIE, £FEEHEAFERKE, BHRENEZAFIREEIE.

IEREFREIE2MNEIR, 2MESE, —MESERTHEHEITRE, —MESER
RHERBEARAZRKE, Aﬁﬁsumﬂ%}f-‘“;ﬁﬁo ir‘%%ﬁzi#ﬁ;&}}% REIHE
ERE—Mull_semESE, BIHERELEFRIETRH, KE2DEEHERELELR
ERempty_sem{ES £, HBEEZEFINETEREMull_semEFSLERZHIE, LER
BaBREFEEZIER Zempty_sem(EEE, IEFAXHE—EHE,

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <semaphore.h>

/* B SAHRYAN— N E RSB TR EE R/
static pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;

/* IMESEEFIR, —IRRRBZES, —PDRRRIRBES */
static sem_t empty_sem, full_sem;

/* FEmSFEIEHIRATEST */
static pthread_t tid1;
static pthread_t tid2;

/* RBUREHERRE */
static void check_result(char* str,int result)

{
if (0 == result)
{
printf("%s successfully!\n",str);
}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}

/* EFEEATREAEE, FIRAERERE Y/

struct node
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int n_number;
struct node* n_next;
¥
struct node* head = NULL; /* 4k, BH=745 */

/* THBRELFRNOERE */

static void* consumer(void* parameter)

{
struct node* p_node = NULL;
while (1)
{
sem_wait(&full_sem);
pthread_mutex_lock(&mutex);  /* X 54 b4, *
while (head != NULL)  /* ¥isiRBEERETTE */
{
p_node = head; * ZRITIR */
head = head->n_next; /* KFestFEm T — A RIR */
/* FTENEIH */
printf("consume %d\n",p_node->n_number);
free(p_node); SRRIFERET R ARG */
}
pthread_mutex_unlock(&mutex);  /* IS XM R/Esole, Beolm sat */
sem_post(&empty_sem); /* KX IEEELALTE K/
}
}

/* HEFEESFENO R */
static void* product(void* patameter)
{

int count = 0;

struct node *p_node;

while(1)
{
/* NENBE—REMIERNTE */
p_node = (struct node*)malloc(sizeof(struct node));
if (p_node != NULL)
{
p_node->n_number = count++;
pthread_mutex_lock(&mutex); * FEER(Ehead XMIHR IR, it */
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p_node->n_next = head;

head = p_node;  /* fHAiF Ll A EE */

pthread_mutex_unlock(&mutex); /* RS */
printf("produce %d\n",p_node->n_number);

sem_post(&full_sem); /* Ht— iz S=247H5E */

}

else

{
printf("product malloc node failed!\n");
break;

}

sleep(2); /* {RRR2¥D */
sem_wait(&empty_sem); /* SfIHEEALT(ESE Y/

}
}
int rt_application_init()
{
int result;
sem_init(&empty_sem,NULL,0);
sem_init(&full_sem,NULL,0);
* BIBATELRE, BHEAZOAE, AAEEEproduct, ANAKRESHCANULL*/
result = pthread_create(&tid1,NULL,product,NULL);
check_result("product thread created ",result);
BIRIHTRE LR, BMEANZOAME, AOREGZconsumer, A RIS HENULL */
result = pthread_create(&tid2,NULL,consumer,NULL);
check_result("consumer thread created ",result);
return 0;
}

17.8 BEBATI

HEMNIIR A —MERANLREBERAR, EREBEICRELIZSTERSFREZEPRE
ERKENER, FICEREFEECHAFZER, HittZi2thaens AiH 2R P iZEUE
FIER, MEESPATIRTHIEME, FTUAERIRENLGIE, SEHMIESRAR, EEMEIR
FEHR IR EE AR FFALIBTE R,

BRI EZRIERIE: BEERBMg_open(BEHKEITH, IAAmMg_send()&ix—%
HREERBAT, BAmMq_ recelve()M HEPATIREN—KIER, HBESPATIREFERR, o
A1 A ma_unlink()#kRiE 2 BATG,
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POSIX;H EPAFI FE A F#F28)E(S, RT-ThreadiGERZHIPOSIGEEMIIFEZE
FRT-Thread BZBERATIM— N IR, TEXRATRAERNLIREMNETN, ERARNH
RT-Thread RiZRIEEBAIIERZ,

17.8.1 HEBATUIZHIIR

BNEERAII R —NEBATIERIR, BB SRAIIRIHRERSEE X — NS ATIEH]
3R, HERAINIEHIRE XTEmqueue. hkXHHE,

struct mqdes

{
rt_uint16_t refcount; /* 3| Fit% */
rt_uint16_t unlinked; /* JHEIIMOBRE, EAIFRKNEERIIEENE */
rt_mq_t mq; /* RT-Thread jHEBAFIIEHIER */
struct mqdes* next;  /* f5[A F—HEIAEGE */
b

typedef struct mgdes* mqd_t; /* JEEPAIIHEHERFESIZEAVEE L */

17.8.2 BIEITHIEERT
B (ki

mgd_t mq_open(const char *name, int oflag, ...);

3 R

name HEbSNIE =g

oflag HEBATFTARR
BRI ER [B]

FLIANR EIE 2T GI4A, BNREINULL,

LR S RIER BB B Fname Il B — MBS AN ET T — P ELFENR
2PBAFI, Oflaghy=Ii£{EH0. O_CREATZKO_CREAT|O_EXCL, 1R Oflagi&k & J}10_CREATM
KEE—NHUEERAT, WROflagi& BO_CREAT|O_EXCL, MREEMIIBEZEFENS
REINULL, MRAFENZEIE—MREEZBAG, WNROflagiRE N0, HERAIIREFE
M £IRENULL,

17.8.3 ﬁj\llﬁlﬁlu\lzkyu
BREY R EL

int mq_unlink(const char *name);

S8 A
name IS INTIE=4 i
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BRI ZSR ]

RLIMR[EI0, EHEBAIIAFEMNRE-1,

LR RIEE DT BMnameEHGEERAY, HHEI, WFESNINERDT B
T, ZBREFBRTER0, NBEREST, ARKESMNISENEIR,

17.8.4 XABEPBAT
EHER

int mq_close(mgd_t mqdes);

3 DU
mqdes HEVSWIRTIEILE ]
R ER ]

FY IR [EI0, BMIRE-1,

H—MERELINN, SWESBERIIRITIEXARE. NMEAERBRLIETR
FERBLLEMSMITXNRARE, BEITRAESKINNFETRRT, ERIEFHETHR
70, HHBAIATFRBIRE, MaMbimqdesiBRBATIHBRRE SBHHEIR,

17 8 5 Bﬂgﬁ_tk IEIL.;\
BRI REY

int mqg_send(mgd_t mqdes,
const char *msg_ptr,
size_t msg_len,
unsigned msg_prio);

S8 R
mqdes B2 BAGI AR, ANBESINULL
sg_ptr BRERZMESNIEH, REEANULL
msg_len RERBEENKE
msg_prio Rt-thread RLI S %
PR FUR E]

FRINiRE0, FMiRE-1,

LERF AR EmqdesiHEAIIRIEXE—FKER, Rrt_mg_send()REHIFIE, Jtt|~_|§$z$e
msg_ptrigEHAVERARINEImqdes;ERATIF, REFNEERKEmsg lenh T/ NFHESF
SIEE RGN IRENRKERKE,

MRBEBBATIER R, BNESIPHEEREETRNEREH, REEENNEIES
ERUTIERFSULEl—MEEIRES (-RT_EFULL)

RT-Thread 3.0.0 363



17.87 EEBAT RT-Thread4w72Em

17.8.6 IETEPHEN(ERIZER
BREY R EL
int mq_timedsend(mqd_t mqdes,
const char *msg_ptr,
size_t msg_len,

unsigned msg_prio,
const struct timespec *abs_timeout);

S8 iR
maqdes H2BAZI B4R, NBEANULL
msg_ptr BEERIXIEEIES, REERANULL
msg_len ZERERHKE
msg_prio Rt-thread RSLIMES £
abs_timeout IEREMSHE, BAURIRFRANHTHIA (OS Tick)
R ER ]

PR IR [E0, ANk [E-1,
BHEIRT-Thread " EFHEM B RIXHR, BR

maq_send(),

RPEOSEXM, HETIEA

17.8.7 PHEANEZEE
ERENREY
ssize_t mg_receive(mqd_t mqdes,
char *msg_ptr,

size_t msg_len,
unsigned *msg_prio);

S TN

mqdes JHEBATI A, A BEANULL
msg_ptr EREREMESMIET, FEEANULL
msg_len REREBHKE
msg_prio Rt-thread REM S
BB FUR [E]

RINNREEESKE, BNRE-1,
R SIEmqdesiE SRAF EERZEEEBIREET, FHILEEMEImsg_ptrigH
AR, MEESFINE, AAmgreceive(RIMHLIZIESFAE, HAHSTIFE
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S,

17.87 JBEEBATI

17.8.8 IEEFHEMNEIEZER

BRI £ R EY

ssize_t mg_timedreceive(mgd_t mqdes,

char *msg_ptr,

size_t msg_len,

unsigned *msg_prio,

const struct timespec *abs_timeout);

o Pt
mqdes JHEBAZI A4, ANBE JINULL
msg_ptr EBaELRZEMBEENIET, AEEANULL
msg_len RIERERHKE
msg_prio Rt-thread REM S
abs_timeout EBENERSRE], BPAURIRFERANTTIE (0OSTick)
ERZHR ]

HRIjJ)n\UﬁE”ﬁ:%\KE, E\W\Uﬁ@-%
LEER M FImq_receive)REMIX BIETF, HEEEBAFIRNT, LiZIFBHZEabs_timeoutht
K, BRNERHERRRE-1, SEEHREHPAESHAMRES.,

17.8.9 BEBAFIRAIAES
XMEFRIEINLIRE, LIF2NEERIEZHER, LIR2MLIEFBERAIILIE

HE.

#include <mqueue.h>
#include <stdio.h>

/* BFREHIER */
static pthread_t tid1;
static pthread_t tid2;
static pthread_t tid3;
/* JHEZIRR */

static mgd_t mqueue;

/* BREUR [EMEAS ERREL */

static void check_result(char* str,int result)

{

if (0 == result)
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{
printf("%s successfully!\n",str);
}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}
/*EFET O RS/
static void* thread1_entry(void* parameter)
{
char buf[128];
int result;
while (1)
{
/* WIBEBRIIFHRBIEE */
result = mq_receive(mqueue, &buf[0], sizeof(buf), 0);
if (result != -1)
{
/* HHEAR */
printf("threadl recv [%s]\n", buf);
}
/* ARERIFD*/
// sleep(1);
}
}
/*BFE2N A RE*/

static void* thread2_entry(void* parameter)

{

366

int i, result;
char buf[] = "message2 No.x";

while (1)
{
for (i = 0; i< 10; i++)
{
buf[sizeof(buf) - 2] = '0" + i;

printf("thread2 send [%s]\n", buf);

/* BRIXHBENBEBSIF */

result = mq_send(mqueue, &buf[0], sizeof(buf), 0);
if ( result == -1)

{
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/* JBEBAFH,  RERVsEY[E] */
printf("thread2:message queue is full, delay 1s\n");
sleep(1);

/* {KBR2RD*/
sleep(2);

}
/* BFESNH R */
static void* thread3_entry(void* parameter)

{
int i, result;
char buf[] = "message3 No.x";
while (1)
{
for (i =0; i < 10; i++)
{
buf[sizeof(buf) - 2] = '0" + i;
printf("thread3 send [%s]\n", buf);
/* RIEXIHEEENEENSIF */
result = mg_send(mqueue, &buf[0], sizeof(buf), 0);
if ( result == -1)
{
/* B2,  REIRTsEY[E] */
printf("thread3:message queue is full, delay 1s\n");
sleep(1);
}
}
/* RBR2RD*/
sleep(2);
}
}

/* RPNMBAA */
int rt_application_init()
{

int result;

struct mg_attr mgstat;

int oflag = O_CREAT|O_RDWR;
#define MSG_SIZE 128
#define MAX_MSG 128
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memset(&mqstat, 0, sizeof(mgstat));
mgstat.mq_maxmsg = MAX_MSG;

mgstat.mq_msgsize = MSG_SIZE;

mgstat.mq_flags = 0;

mqueue = mq_open("mqueuel"”,0_CREAT,0777,&mgstat);

/*RVEEFE, LFEA O thread] _entry, BHSEIRANULLIEEZOAE, AESECANULLY/
result = pthread_create(&tid1,NULL,thread1_entry,NULL);
check_result("threadl created",result);

/*RVEEFE2, FEAN OB thread2_entry, BHSEIRANULLIEEZOAE, AESECANULLY/
result = pthread_create(&tid2,NULL, thread2_entry,NULL);
check_result("thread2 created",result);

/*BIFRLFES, FEANH EBthread3_entry, BHSHIZANULLIEZREOAE, AHSHCANULLY/
result = pthread_create(&tid3,NULL, thread3_entry,NULL);
check_result("thread3 created",result);

return 0;

17.9 ZRIESHRIE

17.9.1 %Z%iEEH
REFHANW LR/ ERAN BN SR R ERBHIEAN 2B,

HKiZEM

RT-ThreadSKILHI L IZ B EIELAIZH AR/, KIEMER. AEIBRD. LIFAER
&, pthread_create(\fEABMENRAIMTENTBHENRFHITYEN, REZEBMHEZEN
APIER N BIRLIEZRIFLIAA. SEBEMHMNTELRSEMEIERIEINLIE.

LIEE M LEMpthread_attr_t7E X fEpthread. hkXXH B, LIZEMHEMIIT:

/* pthread_attr_t ZERVEE N>/

typedef struct pthread_attr pthread_attr_t;
/* ST SRMELERR™/

struct pthread_attr

{
void* stack_base; /* BFERAIE */
rt_uint32_t stack_size; /* ERFERRK/N */
rt_uint8_t priority; /* SKFENATLR */
rt_uint8_t detachstate; I*ERERNDBRE */
rt_uint8_t policy; /* SRR */
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rt_uint8_t inheritsched;
H
LREBMYRICREVRI

BRI EUREY

int pthread_attr_init(pthread_attr_t *attr);
int pthread_attr_destroy(pthread_attr_t *attr);

254 iR

attr e CIEE 2 e =l e nkiEay
R TNEE
Vit aiZBE iR = Ymn t.
BRI ZSR ]

2R RIROE0E, B2/,

{ERpthread_attr_init )R ERARINEVIBLEEBEEMKattr, FRITIAR%E
IR RFADF SR E ANULL, ERIEEE X — M pthread_attr_tEMHENR, L&
ATTEpthread_create()EZ 2RI,

pthread_attr_destroy() & # fattrig @A BHEE VAL, ZEFILAEXIARA
pthread_attr_init()ERE LLE X REF IR L.

zifiﬁl]/ T '{k/u\
EREY R EL

int pthread_attr_setdetachstate(pthread_attr_t *attr, int state);
int pthread_attr_getdetachstate(pthread_attr_t const *attr, int *state);

S8 R

attr 7 3ot Ay

state LHRESBRS
RIERTNEE

RELENDBRES / FREENSBIRES, RABATEEREDBRS.

BRI E5R 3]

2NRBRRE0E, M.

LIEDBIRSE M Estatem] LA ZPTHREAD_CREATE_JOINABL ( 3E7E ) #
PTHREAD_CREATE_DETACHED ( 78 ),

ZRENNBRERE - NEEUT2EMNAREKECETERESANEIR. %
D BIRESE2M: joinablezi&Edetached, HLLFECIER, Mi%iERpthread_join()z&
pthread_detach()E &2 ERIZTRE SANEIR. NREEZNDEIRSRjoinableHfth 4k
f2e] NiA A pthread_join( R EFFZE IR ERHKNEIZREME, ABOWLTESARNSR
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iR DEBRS detachedLLIEN M EMMAVETEFTjoin, BCIBITARE, S LRBNALR
LI E SRR
BRI £ R EY

int pthread_attr_setschedpolicy(pthread_attr_t *attr, int policy);
int pthread_attr_getschedpolicy(pthread_attr_t const *attr, int *policy);

RAFMTERHED, KARBRAERETARRBE, B—RERREFEREE

int pthread_attr_setschedparam(pthread_attr_t *attr,
struct sched_param const *param) ;
int pthread_attr_getschedparam(pthread_attr_t const *attr,
struct sched_param *param) ;

3 i
attr RO IZBIERYFEE
param EEIEE S BRITEE
RN RE
RBEIENIMER / SREVEFZRIRER,
R E5R [E]

2R RRE0E, 22/,

pthread_attr_setschedparam()eR#8 I8 B L2 &R, EMparamIT&IZEIHEM LR
T,

S¥#fstruct sched_paramiE X #Esched.hE, ZEMINTF:

struct sched_param

{

int sched_priority; /* SRENFRK */
b

#Ef{Rsched_paramfiaf Fisched_priorityiZHll &2 M1 S5 R 1B,
LAZRIHE K/

BRI ZS R EY

int pthread_attr_setstacksize(pthread_attr_t *attr, size_t stack_size);
int pthread_attr_getstacksize(pthread_attr_t const *attr, size_t *stack_size);
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W

R

attr Ea&iEEMIIET
stack_size LR A/

CRIEITNAE
1RE / IREX ZIZRVERR K,
u@ﬁ@
HRIREIOE, 22N,
pthread_attr setstacksize()RRENFI N iR B KN, BAURFT., EASHARATEE
L= B UL (FIEIARMIE R B P EZ[@MAF I HUINTF ) o

AR R\t At
BRI £ R EY

int pthread_attr_setstack(pthread_attr_t *attr,
void *stack_base,
size_t stack_size);
int pthread_attr_getstack(pthread_attr_t const *attr,
void **stack_base,
size_t *stack_size);

3 f#in

attr IEE&IEEHRIIE S
stack_size LELFRHERR K/
stack_base TR MM L

EREINAE

RE / IR TRV UEFNHER KN,
El%ﬂli_

2NRBRRE0E, SR,

HLIZE MR MR
BRI ZS R EY

int pthread_attr_setscope(pthread_attr_t *attr, int scope) ;

BRIERINEE

RELIENIERE,

BRFUE O]

scope J3 PTHREAD_SCOPE_SYSTEMMJ3R[@]0, scope 73 PTHREAD_SCOPE_PROCESSHI3R
[E[EOPNOTSUPP, scopeaEfth{EMIREEINVAL,
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BREY R EL
int pthread_attr_getscope(pthread_attr_t const *attr);

ERIFINAE

IRENELIZRIIE AL,

BRI BR[O
iR[EIPTHREAD_SCOPE_SYSTEM,
RIBRE

int pthread_attr_setstackaddr(pthread_attr_t *attr, void *stack_addr);
int pthread_attr_getstackaddr(pthread_attr_t const *attr, void **stack_addr);

ERIFAThAE
RELTEREM AL / SRENETZR M I,
BRHHR O]

2R BN ERIR @ EOPNOTSUPP,

REYREL

int pthread_attr_setguardsize(pthread_attr_t *attr, size_t guard_size);
int pthread_attr_getguardsize(pthread_attr_t const *attr, size_t *quard_size);

BRI e
IRELPENEME X / REERENEME X,
BRI ZSR ]

2R ERERIR M EOPNOTSUPP,

KIEBMROIH

XPMREFRWBRN21%E, ENFEERENADRLE, ERE(NADSHAERE,
RECIENAERERREMRNatrLiZREE, B —NELREERARAMANENLE, LENMN
TERRBEEN IS, ALEXNMEFRENE —MEIBILENMLER 8, MALKXK
INBETE R 024,

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>
#include <sched.h>

/* BFEIEHI */
static pthread_t tid1;
static pthread_t tid2;

/* BREOREHERE */
static void check_result(char* str,int result)

{
if (0 == result)
{
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printf("%s successfully!\n",str);

}

else

{

printf("%s failed! error code is %d\n",str,result);

}
/* BFENCO K%/
static void* thread_entry(void* parameter)

{
int count = 0;
int no = (int) parameter; /* FASZFEALIS L */

while (1)
{
/* FTEN R AR TEE */

printf("thread%d count: %d\n", no, count ++);

sleep(2); /* {RBR2RD */

/* AFNAANA */
int rt_application_init()

{
int result;
pthread_attr_t attr; /* BFEIRME */
struct sched_param prio; /* ZEFR{iscsl */
prio.sched_priority = 8; /* {I4cx&E 48 */
pthread_attr_init(&attr); /* SofEAZOAEVIALEME */
pthread_attr_setschedparam(&attr,&prio); /* &% BV LS */
/* BIELFET, B hattr, NOER¥Ethread_entry, ANARESEET */
result = pthread_create(&tid1,&attr,thread_entry, (void*)1);
check_result("threadl created",result);
/* BIELFE2, BIEAZOAE, AOKR¥ZEthread_entry, NORSEHEZE? */
result = pthread_create(&tid2,NULL,thread_entry, (void*)2);
check_result("thread2 created",result);
return 0;

}
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17.9.2 4F2EGHE

B R—Fhit— NSRS R ETHIDETHNE, — NSRRI B — N EIRE %
—AEUEER, KIBRBENARE, BREETTLEZRIE, e vlERtaaiEalE
HERE T — M EUE S A AR,
EIEEGHBER

F R R

int pthread_cancel(pthread_t thread);

S iR
thread LIZE)W
BRZHR ]

KRikE0E, 22,
IR R IXBUHBE K 4athread4k#2, Thread &2 BB R WEUEE KM L E R AR 4
{6 45 L [ R Ak 6 - A A2 BB RV IR S R 2K B,

REEGERS
BRI R E

int pthread_setcancelstate(int state, int *oldstate);

28 iR
state Emfh{E: PTHREAD CANCEL_ENABLE: BUH{ERE
PTHREAD_CANCEL_DISABLE: BBAESRE ( &FECIZRRAIENIAE)
oldstate RERRMEUBIRES
PRIFUR [E]
i INiR[E0, statedEPTHREAD CANCEL_ENABLES}# PTHREAD CANCEL_DISABLEIR [g]
EINVAL,

LEREIRBEVHIRS, HLEBCEA, BURERNEEFIWNEVERRMERE, M
BUHRBEENEARENIWEGEE R RN,

REEHER
R R EY

int pthread_setcanceltype(int type, int *oldtype);

B
o

iR
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17.97 ZIZERRIE

type H2fh{E: PTHREAD_CANCEL _DEFFERED: Zi2URZIBLEEK 54
SBITET—NEUERBER, (LKIECIEREINME)
PTHREAD_CANCEL_ASYNCHRONOUS: %F237BN4E
oldtype REFFERMEGEZELR
BRI EIR O]
P INiRME0, typedEPTHREAD_CANCEL_DEFFEREDELZPTHREAD_CANCEL_ASYNCHRONOUS
IR[EEINVAL,

RE

EGH

IR IR ERVERE, H&EECIARA.
BUES

BRI EY[REY

void pthread_testcancel(void);

BRI SR ]
tER e BIROE,

LR A LR IRAMM S IE— N UES. FERFERBERMNETIZIER, aTE N
EUHBEXR, MREEVBRSLETEZRIRE T BApthread_testcancel(), MIZEEAEIER.,

=1
=

R LM R AR REZIEBRERE RTINS, RIEPOSIXIRE, pthread_join().

s

pthread_testcancel(). pthread_cond_wait(). pthread_cond_timedwait(), sem_wait)&E %

5l

PFEEMAR S IAAEREVES,
RT-Thread B ST BEEESIT :

mq_receive()
mq_send()

mq_timedreceive()

* mq_timedsend()

msgrev()

msgsnd()

* msync()

pthread_cond_timedwait()

pthread_cond_wait()

* pthread_join()

pthread_testcancel()

sem_timedwait()

* sem_wait()

RT-Thread 3.0.0

375



17.9% ZiEEhmiz RT-Thread4w#2iEm

pthread_rwlock_rdlock()

pthread_rwlock_timedrdlock()

pthread_rwlock_timedwrlock()

pthread_rwlock_wrlock()

HKIREARAIHE

LIRS I 412, LI22IREITR D LIRIRSYY, &i21RE T HCMEUERS
MR, ZRE-NLRERBITEDSITIHRER, LE2RERELIEIREEHENR, %
B1RREGRIERED EEREIT,

#include <pthread.h>
#include <unistd.h>
#include <stdio.h>

/* BFEIEHIBRY/
static pthread_t tid1;
static pthread_t tid2;

/* RBUREHERRE */
static void check_result(char* str,int result)

{
if (0 == result)
{
printf("%s successfully!\n",str);
}
else
{
printf("%s failed! error code is %d\n",str,result);
}
}

/* BFREIANCREL */
static void* thread1_entry(void* parameter)

{
int count = 0;
/* WAL IWEUBRESFRE, BUBRRI AL EIEUER G LR */
pthread_setcancelstate(PTHREAD_CANCEL_ENABLE, NULL);
pthread_setcanceltype(PTHREAD_CANCEL_ASYNCHRONOUS, NULL);

while(1)
{
/* FTENSFETEEMIL */
printf("threadl run count: %d\n",count ++);
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sleep(2); /* KAR2RD */
}

/* BFRINE K%/
static void* thread2_entry(void* parameter)

{
int count = 0;
sleep(8);
/* MSFRVEEEUEEK */
pthread_cancel(tid1);
/* PHEEFFEFREITER */
pthread_join(tid1,NULL);
printf("threadl exited!\n");
/* SRERTEMEEIiatmE */
while(1)
{
/* FTENSFE TR ERS */
printf("thread2 run count: %d\n",count ++);
sleep(2); /* {RBR2RD */
}
}

/* RPNMBAA */

int rt_application_init()

{
int result;
/* QIREFRR, BHEAZOME, A EIKEAEIANAE]oinable,
AR ¥R threadl_entry, AFABRESECANULL */
result = pthread_create(&tid1,NULL, thread1_entry,NULL);
check_result("threadl created",result);

/* BIEBEFEL, BHABAE, 9 EREAREIAE]oinable,
AHER#Z thread2_entry, ACOERESHCANULL */

result = pthread_create(&tid2,NULL, thread2_entry,NULL);
check_result("thread2 created",result);

return 0;

17.9.3 —RMHRL
RIE R

int pthread_once(pthread_once_t * once_control, void (*init_routine) (void));

28 iR
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once_control EHTE
init_routine

S
RN
di
B
i

BRI ZSR ]

RiRE0E, B2,

BRHERAIZEN — L8 RHFT XA, MRBATEITSRIBLEFME LI
HiR, EERANINFRIZTR, —XEVRCEEETERATREEREE, EHTERRS
a0, MEARE TR ENINZTE, MRTEENAN0, WERESIT
vitalt, AERTEERN1, UeEMNREREBLI IR,

17.9.4 LXFRLERFFIE
B H R

void pthread_cleanup_pop(int execute);
void pthread_cleanup_push(void (*routine)(void*), void *arg);

S8 bipu
execute 081, RERBMITcleanupKEl
routine FE B IR R EAVIE
arg BB BIBR NS
BRI B0HR B
2R ENER R BIRDE,

pthread_cleanup_push({E#&E H)/FIRR B routine I B LLIZREIRR N HERE,
pthread_cleanup_pop() \\/BIE R #1 5E R L ERENH 55 —IEREY, FHexecute HIEO(E, MMIT
LEERIEL,
17.9.5 HhLIZHEXE L

BRI £ R EY

int pthread_equal (pthread_t t1, pthread_t t2);
pthread_t pthread_self (void);

S8 i
pthread_t “%IZAINR
RIERINEE

pthread_equal()FIBr2MNEXFER B, pthread_self()FXENIA AL IZMILIZ O,
BRFHR ]
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pthread_equal()iR[E108%1, #HFM A1, 7~FM R0, pthread_self()iR[E{ARAL%IZRI S
1o
R REL

int sched_get_priority_min(int policy);
int sched_get_priority_max(int policy);

S8 iR
policy 2/M@E®]#E: SCHED_FIFO, SCHED_RR
BRI BR[O

sched_get_priority_min()i&[El{&:40, RT-Thread B hH{KMALELR,
sched_get_priority_max()iR E{E&/MA TR,

17.9.6 HhLiEHE X MEEY

R £ [R BY int pthread_atfork(void (prepare)(void), void (parent)(void), void (*child)
(void));

R #UR [E] IR EEOPNOTSUPP,
KEREBY int pthread_kill(pthread_t thread, int sig);
K $%iR O] iR [@PTHREAD_SCOPE_SYSTEM,
KRB int pthread_spin_init (pthread_spinlock_t *lock, int pshared);
FIHORE] lockEHEREIEINVAL, FNREO,
K F4 R EY int pthread_spin_destroy (pthread spinlock_t *lock);
FIFRE lock TR EEINVAL, Bk
FIFEEY int pthread_spin_lock (pthread spmlock_t* lock);
FIHORE] lockEHUREIEINVAL, ENREO,
URE! int pthread_spin_trylock (pthread_spinlock_t * lock);
%&ﬁlﬁl lockZERURBIEINVAL, 3R [EI0SKEBUSY,
FUFRBY int pthread_spin_unlock (pthread_spinlock_t * lock);
#UR M lock ERORBIEINVAL, & M3R[BI0KEPERM,

a3

@@@EE&BBEE&E&E&@

bk

R

17.9.7 BERIBEMH
RT-Thread LHL M E K HIBE M BIEE F 8RR E /K SifERE,

17.9.8 ERFBBEMYRARENRL
BRI R A

int pthread_mutexattr_init(pthread_mutexattr_t *attr);
int pthread_mutexattr_destroy(pthread_mutexattr_t *attr);

£ iR
attr IEAE R R R
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EREOR ]

RLINREO, SEFIIRMEEINVAL,

pthread_mutexattr_init) R EIF AR INMEVI A tattriE @ BN &K, FETIEA
pthread_mutex_init() AT IF B HES I E JINULL,

pthread_mutexattr_destroy( R #BUF & attrig @MAIBHEN REVEK, ZETUIER
pthread_mutexattr_init()EREEFH VAL,

B RHiFRE
BRI £ R EY

int pthread_mutexattr_setpshared(pthread_mutexattr_t *attr, int pshared);
int pthread_mutexattr_getpshared(pthread_mutexattr_t *attr, int *pshared);

0 TP
type =B Bl
pshared B2/ E[ & {E:PTHREAD_PROCESS_PRIVATE: ZXi\NE, BFNEE

ZFHFEPRYLFE, PTHREAD _PROCESS SHARED: BT RS iZiHTE
FE M BHIEPRILIE,

RIHGR O]

FINREI0, SEEROREIEINVAL,
BRpiEa

R R EY

int pthread_mutexattr_settype(pthread_mutexattr_t *attr, int type);
int pthread_mutexattr_gettype(const pthread_mutexattr_t *attr, int *type);

S8 R

type BRpiEE

attr R ERFHEMEN RV
R ]

FRIDR[EI0, SEFMIREIEINVAL,
ERFBERRE T —MEEERN— M ERSINMRNASG N, RT-ThreadkI 737
BRHBIZEE:

« PTHREAD_MUTEX_NORMAL: ZEi&EHi, H—MNEIENBiGE, ERERBINEIZEH
B —NEENT, FEMBIEREHAEEANFED. NR—IMNKEEFELERE
RBIMBEATE2RERREGZERD, F2FE£EH, MBROBIRY, FIREH—
=R

« PTHREAD_MUTEX_RECURSIVE: #REHi, RAF—MNEENE—NBIRINKES R, &
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ZHERIX BB R BIRE % E Kl

» PTHREAD_MUTEX_ERRORCHECK: %84, MR —MEIRERE ERRE RIS,
ZREFRESZERB, MREIFR, IHEMRIESARFS RNV HINGE
%‘y’io

1799 FHTEBM
BRI ZS R EY

int pthread_condattr_init(pthread_condattr_t *attr);

i

[

attr BEF MG EEEMRIIET

RENINEE
{EFAZKIAEPTHREAD_PROCESS_PRIVATE#I#A{L T EE Mattr,
BRFHR[E]

PR INIR[E0, SETLHBURMEIEINVAL,

BREYREL

int pthread_mutexattr_getpshared(pthread_mutexattr_t *attr, int *pshared);

28 fin
attr BaRMEEEMNRIEH
ERIENTNRE
KA L EFRE,
BRI ZSR ]

SHTBOREIEINVAL, BNREI0, psharedig@fIAFREZIVEIPTHREAD_PROCESS_PRIVATE,

FETERMMEXRMR

?&J?i int pthread_condattr_destroy(pthread_condattr_t *attr);

#GR M attr TR EIEINVAL, ZMRE0SKEPERM,

K FURE!L int pthread_condattr_getclock(const pthread_condattr_t attr, clockid_t clock_id);
FIFORE HiR[E0(E,

F#FEE int pthread_condattr_setclock(pthread_condattr_t *attr, clockid_t clock_id);
ERF0RE HiRE01E,

BBIER A int pthread_mutexattr_setpshared(pthread_mutexattr_t *attr, int pshared);
BRIFR B] SETBHREIEINVALELEENOSYS, &BMREI0E,

EdEdEdE\IE\I

17.9.10 1ZEHIEMN
BRI ZS R EY
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int pthread_rwlockattr_init (pthread_rwlockattr_t *attr);

2 R
attr BEIEE BB MR

BRERTNEE EFEKIA{fEPTHREAD_PROCESS_PRIVATER]tA Y 1EE HifE tHattr,
EREURE] B IDR[EI0, SETBLREEINVAL,
BRI R A

int pthread_rwlockattr_getpshared (const pthread_rwlockattr_t *attr, int *pshared);

251 R
attr BEIEEBIEMERIE
pshared BERFIRSYFREE

ERIEMINRE 3K ENi% S BifE A,
RHORE SEHARGREEINVAL, BNREI0, pshareds@BIAFRFHIER
PTHREAD_PROCESS_PRIVATE,
IS BB M XA EL
ERZMREY int pthread_rwlockattr_setpshared (pthread_rwlockattr_t *attr, int pshared);;
RIHLR O SREMOREIEINVAL, BMREOE,
R EAREE! int pthread_rwlockattr_destroy (pthread_rwlockattr_t *attr);
BHOR O SREMGREIEINVAL, BNREOE,
17.9.11 FEEEMH
BRI R EY

int pthread_barrierattr_init(pthread_barrierattr_t *attr);

E354 iR
attr 1A R MR T

R EMThEE {EHAEKIAEPTHREAD PROCESS PRIVATEH]tA{L FRFEE fattr,
RFGRE] R INIREI0, SETIREIEINVAL,
R R EY

int pthread_barrierattr_getpshared(const pthread_barrierattr_t *attr, int *pshared);

W
%
i
[
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attr 1A R MR T
pshared 1B ERT7 R E(FRIERERIE T

#INEE SRENBFFERIIE FA1E,

FFRE ALINREIO, S TR EIEINVAL,

KRB int pthread_barrierattr_destroy(pthread_barrierattr_t *attr);
KIFLINAE RT-Thread AR RSEIN, B —MEREL,

FHORE] S TREEINVAL, EBNREE

E\IEdEJE\IE\I

17.9.12 BEEBATIEM
B2 EHEIERIRINT -

struct mg_attr

{
long mg_flags; /* THEIRIARE, FRFRESRIHE */
long mq_maxmsg; /* IBEBIIRKIHEL */
long mq_msgsize;  /* JHENIIEMBEEHSEATF T */
long mq_curmsgs;  /* JHEASILFIHEEL */

5

BB R B! Int mq_setattr(mqd_t mqgdes, const struct mq_attr mgstat, struct mq_attr
omgqstat);

BRENINEE RT-Thread BARSCI, B —MEREL,

ERFR B Rk E-1,

BRIEY R AL

int mg_getattr(mgd_t mgdes, struct mg_attr *mgstat);

o fin
maqdes B A B TIIEHIRAVFE £
mgstat 1B ERTFIREN IR HIIE

BRI EE SRENH BT B,
EREUR[E] B TANR[EI0, SEFRINIR
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B 18 &

HBRAFRESIZE

18.1 4R

GUI engineR —EEAMALESIZE, HCRBHEEMAM, RBEZEMRTFrt-thread/
components/qui/ERA., FTERIINEEEIE:

- BETAEREDCMAEIRE, 8iEx, &, B, WE, 230k (Bx) F;
« BREGEAME (NG REPINS, FEDFSXHRE ) REE;

* EMFRHIXEER;

+ GUIRIC/SERM L EMMEONH, SHERNGIE,

SBEEAGUI enginelit, FE#rtconfighFHIE X :
#define RT_USING_GUIENGINE

FTHGUI engine, fErtconfig.h3THFGUI enginefs, AJLMERGSITEREM TS,
i {E A sconsRi#HITHRIZ,

18.2 5|ZH)IR{t

EfTFGUI enginela, FEABMNNERITISRL, EUIMRSITHER, NREF
PELEATHAEENNBNE, WABFEFINEITRMIWKL, BUWEEEVIRMES
RIEAYIR LR :

rtgui_system_server_init();

GUI engine¥]ta1tia, EStIBEMMGUIRRS, BIFES: rtgui, RFAGUI engine
REMNSIZE, BEERATTFTEEORS, SEFEUGUINANEREAMEE (BIBN
A, SIBEEN (HEEAME, kXD ), EEORHTEE, <ABO, WERNA) .

183 LEIR&ELTX
HTUHREANSERS (MARERNEAHITE) , EGUI engine iR it T

DC (i&%& L FX, Device Context) , MGUI enginef iR {{tEILEIAPIE A FERREFDCHY
AP, DCRIEAFMEESNY, FEBEX=£DC:
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» Hardware DC, FE4i8& ETX;
+ Client DC, EFIHIRELTX (B4MNEMO, EHEHSET— N Client DC) ;
 Buffer DC, EFHRHEEHFXIVREEINIEE LT,

18.4 #EBH

EFDC, UISIZRMTEARNLERE, flUlESR. & %EF. B 3ukE XEB
S—HIBRMFIRERZDC, FlYl:
void rtgui_dc_draw_line(struct rtgui_dc *dc, int x1, int y1, int x2, int y2);

XANRHRBEICELHI—FM (X1, y1) - (x2, y2) B9k, LREIENRJMIER LT
X ( gc, graphic context ) FIE X RIS,
PR T EARMLEIRIEUIS, GUISIZEMIRM TDC EMFARIALE, Fla0:

void rtqui_dc_draw_text(struct rtgui_dc *dc, const char *text, struct rtqui_rect *rect);

XMNEMFREdcE, TEHrectSHE X XIEA B RtextX AR, XAHE, FRKAR
HER EFTXREXY, FEERR L TXHENX T XA FFAtextalign, 355 NEVE
ET7ERTGUI ALIGNMZERIATE N,

enum RTGUI_ALIGN

{
RTGUI_ALIGN_NOT = 0x00,
RTGUI_ALIGN_CENTER_HORIZONTAL = 0x01,
RTGUI_ALIGN_LEFT = RTGUI_ALIGN_NOT,
RTGUI_ALIGN_TOP = RTGUI_ALIGN_NOT,
RTGUI_ALIGN_RIGHT = 0x02,
RTGUI_ALIGN_BOTTOM = 0x04,
RTGUI_ALIGN_CENTER_VERTICAL = 0x08,
RTGUI_ALIGN_CENTER = RTGUI_ALIGN_CENTER_HORIZONTAL | RTGUI_ALIGN_CENTER_VERTICAL,
RTGUI_ALIGN_EXPAND = 0x10,
RTGUI_ALIGN_STRETCH = 0x20,

¥

WF—4DCME, sILEELATFAXREDCHER ETX:
rtgui_gc_t *rtqui_dc_get_gc(struct rtgui_dc *dc);
e BLUEIT A R B A KIAEDCHRIR., Bx. R, WFAXEER:

#define RTGUI_DC_FC(dc) (rtgui_dc_get_gc(RTGUI_DC(dc))->foreground)
#define RTGUI_DC_BC(dc) (rtgui_dc_get_gc(RTGUI_DC(dc))->background)
#define RTGUI_DC_FONT(dc) (rtgui_dc_get_gc(RTGUI_DC(dc))->font)

#define RTGUI_DC_TEXTALIGN(dc) (rtgui_dc_get_gc(RTGUI_DC(dc))->textalign)
EHERY, —IEEMRATCAZEDC LIEZME, BIGNfERALAFAPL:
void rtgui_image_blit(struct rtgui_image *image, struct rtgui_dc *dc, struct rtgui_rect *rect);

XMAPIHFIE—&limageBEl&, 4H12IdcirectXig £, NRrectXigEBHdHITEE,
M&#B#EE,
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18.5 EZARBIGUIS|ZE R FAHIF

18.6 EHZENE
18.7 IZHFNIFLE
18.8 F{KAPI

18.9 E&API
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This is an [example link](http://example.com/).

SHURVESIE
This is an example link.
Rt AT DUERRMERTIN L title B4 :

This is an [example link](http://example.com/ "With a Title").

SNGRVESIIE

This is an example link.

SERANBRILRA] U OEHEE — N8B, ZEIRAICAEX R E T E izhtE
HAE:

I get 10 times more traffic from [Google][1] than from
[Yahoo][2] or [MSNI[3].
[1]: http://google.com/ "Google"

[2]: http://search.yahoo.com/ "Yahoo Search"
[3]1: http://search.msn.com/ "MSN Search"

SERRRAER YN :
I get 10 times more traffic from Google than from Yahoo or MSN.
title BHEREFRMR, HEIMEIUAFE. RFNZE, BERFAAKRINE:

I start my morning with a cup of coffee and
[The New York Times][NY Times].

[ny times]: http://www.nytimes.com/

SERRRER AN :
I start my morning with a cup of coffee and The New York Times.

B R iEEMEHEREG, ENEHBAIER— MR, PSR EEMPDFRTEZIM
LtFs, fIg0:

1[#78](../../figures/logo.png)

Heh, BHRERNER XX GEfiguresBR N FE, BNELMPDFXEII IR,
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A.775 APIi%EH

B

-

B A1 fRER

A6 XHg

ERFRR, ZERMPDFE, FJURHABNIEELESR,

PDAMRIESEPRAERRTE S, FERBERIINAANT2NERR)

ATAY \c
#include <stdio.h>

int main(int argc, char** argv)
{

printf("hello\n");
return 0;

AN

ERIRREMT X

#include <stdio.h>

int main(int argc, char** argv)

{
printf("hello\n");
return 0;

A.7 APILiiEH
BT FER SRR A RIIAPIE D, Fla:

int func(int a, int b);

RT-Thread4wT218Ra

—~ Thread

B5) T —AX ki R1E 2 iRt

L]

A AER I FRIRZ T (thE]

XNMREATFTLEN, TR THAE,
RIS
S8 1B
int a afyE X Ebalabala
intb bEYE X Zbalabala
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XR—TRATHANAF, FIFRIREHER,

int result;

/* A FRREL */
result = function(1, 2);

PlFREFEIFMAFRE,
A8 EEEIN
fEmarkdown[E]PDF4E1RITFER, pandoc& &AL A IEIRILaTexX 4, IR markdownX

KR (AZ5IA. KBHRER) EATRML, 2SBEEUPDFXXHRE. FAMURFINAR
RERNRFML, TFAR:

C:\\Python27§%&1Zbalabala
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b= B

£ github £ RT-Thread Ta@k{<H

HAVE b REHER SR, MW@ GitHub B9 fork 0 pull request ;RFERIZIRE,
KRIBERIFESZE rt_thread INH documentation B R F# coding_style_cn.tx t314,

B.1 BAFHIEIFIESERIINM,

BEMBE—T pull request iX/Md, pull requesttIEBEMIRBER, ALELLE pull
request I B MR ERCELEIF ARBAALERZHNKE,
TEREBHTF WRK—ERER:

FEH AL A AR —Tpull reqeust, ABABI{THFEE, BIMBEMNHRIT. FHAOHNEREOBE, K
KIXEEELAREMER, AL TEFEMbug, ZIMERMRKESIIR, HAUTofork, FERMETF E—L
feRitiE, MY Toit commit, m/FIEBIFHMRSLEIR, HYUT Rpull request, (REFNABHERUIER, HH
Fmerge,

YRR A CERRERE, ZRRTERRRRTT

1. % fork HIAMEE, HETEI—HIARER. FATERERNER—E LMK, SMEAFK,
PMEREEEEAENARNCEREYR, MEELforkE|ESMgitBEF,

2. cloneX|EC AN ST, —2Lbug fix, SAFAREpulL requestBRAHE, LRAGEFENBEIEEFIURIZIM
B3

3. BeFENEEEreviewiXbug, MR ZIEMENE, FidmergeRlith B HIEFo mergefIERME S, B
BRI TR RILE HE RN B EFRMABREE RIS FERNNE, Et, B pull request KEFEMLE
TO

B2 /HEZIF

M BArt-thread B B R I BATTRA RS AYIRAR |


https://www.zhihu.com/question/21682976

B.37 1. fork RT-Thread4miZE/

B.3 1. fork

1% rt-thread € fork ZIE M git BFEH,
= 7Y

G Watch ~ | 241 *& Unstar | 900 Yrgrk | 694

its -
- 1k = ] 2
-Fork# 17 B E#1Z
China. http://www.rt-thread.org BlgitfEEH
esp32 xtensa
B.1: avatar
42,
B.4 2. 52f& (clone)
4% rt-thread £ clone 2B 2894 PC,
¥ SummerGGift / rt-thread @ Watch~ | 0 *Star | 0 YFork 694
forked from RI-Thread/rt-thread
<> Code Pullrgquests 0 Projects 0 Wiki Settings Insights « | E EE’U ﬁ'é”?‘f:clo:e
R
RT-Thread is an open source real-time operating system for embedded devices from China. http://www.rt-thread.org Edit

Add topics
D 4,438 commits I 4 branches > 15 releases \HQWMIJMOS
Branch: master v New pull request Create new file | Upload files | Find file Clone or download ~

[E B.2: image

B.5 3. Sz
NRBEHE rt-thread NE LB HA %, RFEIBRETECHIEBES X, NRRE
3 rt-thread TEA{CEE, BBARILABEIHZTE master 79k L3 1TIRIE,

B.6 4. %

ZIT —N) bug FiFITIEL,

B.7 5.3 (commit)
EAH SRR bug.
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15 releases 22 87 contributors
I e

ind file Clone or download =

Use 55H

Create new file | Upload files

Clone with HTTPS ®
Use Git or checkout with SWN using the web

ttps://github.com/SummerGGift/rt-thread. g

B

Copied!
Open in Desktop Download ZIP
‘roadmap-2.1.0.md 3 years ago
& B.3: image
3 QIT CIONE - | OFT0ISeIT A
Clone Existing Repository
URL: | [ s://github. com/SummerGGift ~ ‘ | Browse... |w |
Directory: |F:‘|rt—‘d'1read ‘ | Browse... |
[Noepth 1 [Jrecursive []clone into Bare Re [ mo chedkout
[Jeranch [] origin Name
[]Load Putty Key
From SVN Repaository
|:| From SVM Repository
Trunk: trunk Tags: tags Branch: branches
Erom: 0 Username:
I kK | | Cancel | | Help
[E B.4: image

oo

if (bus-rops-:master_xfer)

o
=~ @ .

{
#ifdef RT_I2C_DEBUG
for (ret = 2; ret < num; ret+d)

o
&

—

o = = =
[FSRIE J J

=)

i2c_dbg("msgs[¥d] ¥c, addr=0x%02x, len=¥d¥s\n", ret,
(msgs[ret].flags & RT_I2C_RD) ? 'R" : "W',
msgs[ret].addr, msgs[ret].len);
}
#endif

B.5: image
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B.8T 6. RIFAMCER RT-Thread4wf215Rs

Commit to:  summer_rtt

Message:

MEZAET —%s

] Amend Last Commit
[ set author date 017/ 818 B | poriszr 12
Set author | SummerGift <zy_770077@gq.com=

Changes made (double-dick on file for diff):

[E B.6: image

B.8 6. RIFAMMEERMN

£ HES &I Pull Request 21, FEREFRECERING, ICHRERMNIERS
BERMIIRA, ##7. Push BiLi2RE
push BIF 2 & B CHIZIECER,

1" Fyrtthread-manual-doc - Push - TortoiseGit >

Ref
] Push &ll branches

Local: |master v| k
Remote: | master " |
Destination
®Remote: my_doc ~ | | Manage
() Arbitrary URL:
L TN e

[E B.7: image

B.9 8. %i#&FF5Thk Pull Request

Fgit CEFERB 2R TS, =i create pull request ¥ & #2 pull request,

B.10 9. IRRNIBHY—LELyE

ARIBEKRMING, RT-Thread 43P AFL P LB RIRIZRIIKEE, pull requestil R4 [E
B, MIKBHaEsHACER, XHE—Kpull requestFimINT,

ZEiib, HATFTER T — R R TR,
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Comparing changes

B.107 9. R HIH—LELTE

Choose two branches to see what's changed or to start a new pull request. If you need to. you can also compare across forks.

) base fork: SummerGGift/rt-thread = || base: master v | .. | head fork: RT-Thread/rt-thread +

atically merged.

+ Able to merge. These branches can b&

(CEIEETIREL TS Discuss and review the changes in this comparisen with others.

o Commits 50 Files changed 486 £ Commit comments 0

[ Commits on Jul 18, 2017

B.8: image

base fork: SummerGGift/rt-thread

« Able to merge. These branches can be automatically merged.

compare: master

xRt e, EERNEHRT HF
53 AR R 1REE —pul lrequest.

@

A 5 contributors

base: master = | - | head fork: RT-Thread/rt-thread = compare: master =

fix some bugs] I HIRE

M~ B i

Write Praview

FURZ IR

Attach files by dragging & dropping, selecting them, or pasting from the clipboard.

LA Styling with Markdown is supported

& B.9: image

RT-Thread 3.0.0

(o

E= S@R

mEEAEREIA

Create pull request

399



	前言
	致谢
	目录
	1 简介
	1.1 RT-Thread 的软件结构
	1.2 开发、维护

	2 线程调度与管理
	2.1 实时系统的需求
	2.2 线程调度器
	2.3 线程控制块
	2.4 线程状态
	2.5 空闲线程
	2.6 调度器相关接口
	2.6.1 调度器初始化
	2.6.2 启动调度器
	2.6.3 执行调度
	2.6.4 设置调度器钩子

	2.7 线程相关接口
	2.7.1 线程创建
	2.7.2 线程删除
	2.7.3 线程初始化
	2.7.4 线程脱离
	2.7.5 线程启动
	2.7.6 当前线程
	2.7.7 线程让出处理器
	2.7.8 线程睡眠
	2.7.9 线程挂起
	2.7.10 线程恢复
	2.7.11 线程控制
	2.7.12 初始化空闲线程
	2.7.13 设置空闲线程钩子

	2.8 线程设计
	2.8.1 程序的运行上下文
	2.8.2 线程设计要点


	3 定时器
	3.1 定时器管理
	3.2 定时器超时函数
	3.3 定时器管理控制块
	3.4 定时器管理接口
	3.4.1 定时器管理系统初始化
	3.4.2 创建定时器
	3.4.3 删除定时器
	3.4.4 初始化定时器
	3.4.5 脱离定时器
	3.4.6 启动定时器
	3.4.7 停止定时器
	3.4.8 控制定时器

	3.5 合理使用定时器
	3.5.1 定时器执行上下文
	3.5.2 OS tick与定时器精度


	4 任务间同步及通信
	4.1 关闭中断
	4.1.1 使用场合

	4.2 调度器锁
	4.2.1 使用场合

	4.3 信号量
	4.3.1 信号量控制块
	4.3.2 信号量相关接口
	创建信号量
	删除信号量
	初始化信号量
	脱离信号量
	获取信号量
	无等待获取信号量
	释放信号量

	4.3.3 使用场合
	线程同步
	锁
	中断与线程的同步
	资源计数


	4.4 互斥量
	4.4.1 互斥量控制块
	4.4.2 互斥量相关接口
	创建互斥量
	删除互斥量
	初始化互斥量
	脱离互斥量
	获取互斥量
	释放互斥量

	4.4.3 使用场合

	4.5 事件
	4.5.1 事件控制块
	4.5.2 事件相关接口
	创建事件
	删除事件
	初始化事件
	脱离事件
	接收事件
	发送事件

	4.5.3 使用场合

	4.6 邮箱
	4.6.1 邮箱控制块
	4.6.2 邮箱相关接口
	创建邮箱
	删除邮箱
	初始化邮箱
	脱离邮箱
	发送邮件
	等待方式发送邮件
	接收邮件

	4.6.3 使用场合

	4.7 消息队列
	4.7.1 消息队列控制块
	4.7.2 消息队列相关接口
	创建消息队列
	删除消息队列
	初始化消息队列
	脱离消息队列

	4.7.3 发送消息
	发送紧急消息
	接收消息

	4.7.4 使用场合
	典型使用
	同步消息



	5 内存管理
	5.1 静态内存池管理
	5.1.1 静态内存池工作原理
	静态内存池控制块

	5.1.2 静态内存池接口
	创建内存池
	删除内存池
	初始化内存池
	脱离内存池
	分配内存块
	释放内存块


	5.2 动态内存管理
	5.2.1 小内存管理模块
	5.2.2 SLAB内存管理模块
	5.2.3 动态内存接口
	初始化系统堆空间
	分配内存块
	重分配内存块
	分配多内存块
	释放内存块
	设置分配钩子函数
	设置内存释放钩子函数


	5.3 更改情况

	6 I/O设备管理
	6.1 块设备
	6.2 I/O设备控制块
	6.3 I/O设备管理接口
	6.3.1 注册设备
	6.3.2 移除设备
	6.3.3 初始化所有设备
	6.3.4 查找设备
	6.3.5 初始化设备
	6.3.6 打开设备
	6.3.7 关闭设备
	6.3.8 读设备
	6.3.9 写设备
	6.3.10 控制设备
	6.3.11 设置数据接收指示
	6.3.12 设置发送完成指示

	6.4 设备驱动
	6.4.1 设备驱动必须实现的接口
	6.4.2 设备驱动实现的步骤
	6.4.3 STM32F10x的串口驱动
	6.4.4 finsh使用uart设备分析


	7 异常与中断
	7.1 中断处理过程
	7.2 中断栈
	7.3 中断的底半处理
	7.3.1 底半处理实现范例

	7.4 中断相关接口
	7.4.1 装载中断服务例程
	7.4.2 屏蔽中断源
	7.4.3 打开被屏蔽的中断源
	7.4.4 关闭中断
	7.4.5 打开中断
	7.4.6 与OS相关的中断接口

	7.5 ARM Cortex-M中的中断与异常
	7.6 外设中的中断模式与轮询模式

	8 应用模块
	8.1 功能和限制
	8.2 使用应用模块
	8.2.1 编译主程序
	8.2.2 使用应用模块

	8.3 应用模块API

	9 移植
	9.1 使用移植还是自己移植
	9.2 移植前的准备
	9.3 RT-Thread在ARM Cortex M3上的移植
	9.3.1 建立RealView MDK工程
	9.3.2 添加源文件

	9.4 RT-Thread/STM32其他部分说明
	9.5 RT-Thread在ARM Cortex M4上的移植
	9.5.1 生成MDK工程模板
	9.5.2 仿照并修改scons相关文件
	9.5.3 添加其他相关文件
	9.5.4 Cortex-M4中的内核相关代码分析


	10 SCons构建系统
	10.1 什么是构建工具(software construction tool)
	10.2 RT-Thread构建
	10.3 安装SCons环境
	10.3.1 Linux、BSD环境
	10.3.2 Windows环境

	10.4 SCons基本使用
	10.4.1 配置编译器
	10.4.2 SCons基本命令
	scons
	scons -jN
	scons -c
	scons –target=XXX -s
	scons –verbose


	10.5 SCons进阶
	10.5.1 修改编译器选项
	10.5.2 内置函数
	10.5.3 SConscript示例1
	10.5.4 SConscript示例2
	10.5.5 SConscript示例3
	10.5.6 SConscript示例4
	10.5.7 添加库
	10.5.8 增加一个SCons命令
	10.5.9 RT-Thread building脚本

	10.6 简单的SContruct
	10.7 SConstruct与SConscript

	11 finsh shell
	11.1 简介
	11.2 工作模式
	11.3 什么是shell?
	11.4 初识finsh
	11.4.1 finsh(C-Style)
	11.4.2 finsh(msh)
	11.4.3 finsh中的按键

	11.5 finsh特性
	11.5.1 finsh(c-style)的数据类型

	11.6 finsh(c-style)中增加命令/变量
	11.6.1 宏方式
	11.6.2 函数方式

	11.7 msh中增加命令
	11.7.1 添加内置命令

	11.8 RT-Thread内置命令
	11.8.1 finsh(c-style)
	11.8.2 finsh(msh) 内置命令

	11.9 移植
	11.10 宏选项

	12 文件系统
	12.1 简介
	12.2 文件系统、文件与文件夹
	12.3 文件系统接口
	12.3.1 打开文件
	12.3.2 关闭文件
	12.3.3 读取数据
	12.3.4 写入数据
	12.3.5 更改名称
	12.3.6 取得状态

	12.4 目录操作接口
	12.4.1 创建目录
	12.4.2 打开目录
	12.4.3 读取目录
	12.4.4 取得目录流的读取位置
	12.4.5 设置下次读取目录的位置
	12.4.6 重设读取目录的位置为开头位置
	12.4.7 关闭目录
	12.4.8 删除目录
	12.4.9 格式化文件系统

	12.5 底层驱动接口
	12.5.1 文件系统初始化

	12.6 FatFs
	12.6.1 FatFs 相关宏

	12.7 NFS
	12.7.1 RT-Thread中使用NFS
	主机配置
	开发板配置


	12.8 UFFS
	12.8.1 UFFS配置
	12.8.2 UFFS 内存精简
	12.8.3 MTD NAND驱动
	读写页
	擦除块
	块状态检查
	标记坏块
	移动页
	注册MTD NAND设备

	12.8.4 UFFS示例驱动

	12.9 jffs2
	12.10 yaffs

	13 SAL - 套接字抽象层
	13.1 简介
	13.2 网络框架
	13.3 工作原理
	13.4 配置选项
	13.5 初始化
	13.5.1 lwIP 协议栈注册
	13.5.2 AT Socket网络功能注册

	13.6 API 接口介绍
	13.6.1 创建套接字（socket）
	13.6.2 绑定套接字（bind）
	13.6.3 监听套接字（listen）
	13.6.4 接收连接（accept）
	13.6.5 建立连接（connect）
	13.6.6 TCP 数据发送（send）
	13.6.7 TCP 数据接收（recv）
	13.6.8 UDP 数据发送（sendto）
	13.6.9 UDP 数据接收（recvfrom）
	13.6.10 关闭套接字（closesocket）
	13.6.11 按设置关闭套接字（shutdown）
	13.6.12 设置套接字选项（setsockopt）
	13.6.13 获取套接字选项（getsockopt）
	13.6.14 获取远端地址信息（getpeername）
	13.6.15 获取本地地址信息（getsockname）
	13.6.16 配置套接字参数（ioctlsocket）

	13.7 网络协议栈接入方式

	14 AT Commands
	14.1 背景
	14.2 简介
	14.2.1 基本概念
	14.2.2 AT 组件介绍

	14.3 AT Server
	14.3.1 AT Server 配置
	14.3.2 AT Server 初始化
	14.3.3 自定义 AT 命令添加方式
	14.3.4 AT Server API 接口
	发送数据至客户端（不换行）
	发送数据至客户端（换行）
	发送命令执行结果至客户端
	解析输入命令参数


	14.4 AT Client
	14.4.1 AT Client 配置
	14.4.2 AT Client 初始化
	14.4.3 数据收发方式
	创建响应结构体
	删除响应结构体
	设置响应结构体参数
	发送命令并接收响应

	14.4.4 数据解析方式
	获取指定行号的响应数据
	获取指定行号的响应数据
	解析指定行号的响应数据
	解析指定关键字行的响应数据
	串口配置信息解析示例
	IP和MAC地址解析示例

	14.4.5 URC 数据处理
	URC 数据列表初始化

	14.4.6 其他 API 接口介绍
	发送指定长度数据
	接收指定长度数据
	移植相关接口



	15 lwIP - 轻型TCP/IP协议栈
	15.1 简介
	15.2 协议分层
	15.3 lwIP不遵循严格的分层
	15.4 进程模型（process model）
	15.5 操作系统模拟层（OS emulation layer）
	15.6 RT-Thread中的lwIP
	15.6.1 lwIP版本
	15.6.2 RT-Thread 网络设备管理
	15.6.3 RT-Thread lwIP有哪些变化
	15.6.4 RT-Thread lwIP相关代码补充说明

	15.7 网络编程示例
	15.7.1 UDP使用示例
	15.7.2 TCP使用示例


	16 lwIP-IPv6 支持
	16.1 lwIP-IPV6 概况
	16.2 IPv6基础知识
	16.2.1 IPv6报文格式
	16.2.2 IPv6扩展报头
	16.2.3 IPv4与IPv6对比
	16.2.4 IPv6地址
	IPv6地址格式
	IPv6地址分类


	16.2.5 邻居发现协议

	16.3 RT-Thread中如何使用IPv6
	16.3.1 使用IPv4/v6双栈
	16.3.2 仅使用IPv4
	16.3.3 对开发板进行Ping测试

	16.4 IPv6 Socket API实例
	16.4.1 IPv4/v6 Socket编程异同
	16.4.2 PC测试程序
	16.4.3 TCP Server例子
	16.4.4 TCP Client例子
	16.4.5 UDP Server例子
	16.4.6 UDP Client例子


	17 POSIX接口
	17.1 Pthreads简介
	17.1.1 在RT-Thread中使用POSIX

	17.2 线程
	17.2.1 线程句柄
	17.2.2 创建线程
	创建线程示例代码

	17.2.3 线程脱离
	线程脱离示例代码

	17.2.4 等待线程结束
	等待线程结束示例代码

	17.2.5 线程退出
	线程退出示例代码


	17.3 互斥锁
	17.3.1 互斥锁控制块
	17.3.2 互斥锁初始化
	17.3.3 销毁互斥锁
	17.3.4 阻塞方式对互斥锁上锁
	17.3.5 非阻塞方式对互斥锁上锁
	17.3.6 互斥锁解锁
	17.3.7 互斥锁示例代码

	17.4 条件变量
	17.4.1 条件变量控制块
	17.4.2 初始化条件变量
	17.4.3 销毁条件变量
	17.4.4 阻塞方式获取条件变量
	17.4.5 指定阻塞时间获取条件变量
	17.4.6 发送满足条件信号量
	17.4.7 广播
	17.4.8 条件变量示例代码

	17.5 读写锁
	17.5.1 读写锁控制块
	17.5.2 读写锁初始化
	17.5.3 销毁读写锁
	17.5.4 读写锁读锁定
	阻塞方式对读写锁读锁定
	非阻塞方式对读写锁读锁定
	指定阻塞时间对读写锁读锁定

	17.5.5 读写锁写锁定
	阻塞方式对读写锁写锁定
	非阻塞方式写锁定读写锁
	指定阻塞时长写锁定读写锁

	17.5.6 读写锁解锁
	17.5.7 读写锁示例代码

	17.6 屏障
	17.6.1 屏障控制块
	17.6.2 创建屏障
	17.6.3 销毁屏障
	17.6.4 等待屏障
	17.6.5 屏障示例代码

	17.7 信号量
	17.7.1 信号量控制块
	17.7.2 无名信号量
	无名信号量初始化
	销毁无名信号量

	17.7.3 有名信号量
	创建或打开有名信号量
	分离有名信号量
	关闭有名信号量

	17.7.4 获取信号量值
	17.7.5 阻塞方式等待信号量
	17.7.6 非阻塞方式获取信号量
	17.7.7 指定阻塞时间等待信号量
	17.7.8 发送信号量
	17.7.9 无名信号量使用示例代码

	17.8 消息队列
	17.8.1 消息队列控制块
	17.8.2 创建或打开消息队列
	17.8.3 分离消息队列
	17.8.4 关闭消息队列
	17.8.5 阻塞方式发送消息
	17.8.6 指定阻塞时间发送消息
	17.8.7 阻塞方式接受消息
	17.8.8 指定阻塞时间接受消息
	17.8.9 消息队列示例代码

	17.9 线程高级编程
	17.9.1 线程属性
	线程属性
	线程属性初始化及去初始化
	线程的分离状态
	线程的调度策略
	线程的调度参数
	线程的堆栈大小
	线程堆栈大小和地址
	线程属性相关桩函数
	线程属性示例代码

	17.9.2 线程取消
	发送取消请求
	设置取消状态
	设置取消类型
	设置取消点
	取消点
	线程取消示例代码

	17.9.3 一次性初始化
	17.9.4 线程结束后清理
	17.9.5 其他线程相关函数
	17.9.6 其他线程相关桩函数
	17.9.7 互斥锁属性
	17.9.8 互斥锁属性初始化及去初始化
	互斥锁作用域
	互斥锁类型

	17.9.9 条件变量属性
	条件变量属性相关桩函数

	17.9.10 读写锁属性
	读写锁属性相关桩函数

	17.9.11 屏障属性
	17.9.12 消息队列属性


	18 图像用户界面引擎
	18.1 介绍
	18.2 引擎初始化
	18.3 绘图设备上下文
	18.4 绘图渲染
	18.5 基本的GUI引擎应用例子
	18.6 事件传递机制
	18.7 控件和剪切域
	18.8 字体API
	18.9 图像API

	附录 A 电子书markdown入门
	A.1 标题、段落、区块代码
	A.2 修辞和强调
	A.3 列表
	A.4 链接
	A.5 图片
	A.6 代码
	A.7 API说明
	A.8 注意事项

	附录 B 在 github 上为 RT-Thread 贡献代码
	B.1 以下教程将指导您提交代码。
	B.2 准备工作
	B.3 1. fork
	B.4 2. 克隆（clone）
	B.5 3. 创建本地分支
	B.6 4. 开发
	B.7 5. 提交（commit）
	B.8 6. 保持本地仓库最新
	B.9 8. 发起并完成 Pull Request
	B.10 9. 提交代码的一些约定


