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1 RT _Thread

1.1 R

RT-Thread, 4:=#/¢ Real Time-Thread, 4 /E X, &2 —MRANREN BLREERIERS, EAEEZ —2
YFZMAS, RUZMES RN BT AR E BT [F— I 2 B AT T 2 MBS . Fse b, —AMd
HE ORI ZI A BB AT —/MESS, TR —AMEF HIAT I AR KL AR55 5455 2 [AE AT 5%
W E AT IR PO D) GRS RIS o d e Ib 2 ZHAT MRS, B NEREAMESTE— M %
[FI 24T S . (E RT-Thread R4tH, (L5518 26FESEILM), RT-Thread A ff1 4 A2 18 B 45 g2 DA 323
FIAT 55 B 2%

RT-Thread ZZEXRH CiBEE RS, R, M. S 0 G RIWTH 7128 H B SEr KRG,
AR RS PURE . SEAEE T . RGUAEAL I BT B BT R i o S0 BEURSZ IR T fil 38 (MCUD R4,
LA S TR, #T T Z 3KB Flash. 1.2KB RAM W1E% ) NANO filkd< (NANO & RT-
Thread & /5T 2017 4F 7 A &KAT I — MRFETRR N A%)s T 35U F & B % %, RT-Thread A& fd A
LM AEE T, iARARE THLIEW PR BELEET, Jo4eth 5 N F 5 1R Thhe
SEIRAL Android 1 TR IR A S SRR . BIREIE B 8 AU E B AR DiRE .

FHELCT Linux #:4F £48, RT-Thread A8/, BUAMS, THFEIR. JEahE, FrikPAAh RT-Thread it B A S
PEm s RN, JEREEH T MR IR CWpA . THFERRHIZ) 3% 6 . B4R 32 A7 MCU &
EHEEEIT TS, K LREZHAE MMU. 3T ARM9. ARM11 H % Cortex-A 2525 CPU I3 Ab
P AR TERT & N7 6 & & H RT-Thread

1.2 RT-Thread 2244

AR, PIEEM Cinternet Of Things, 10T) MEET A% J, PIBAMI i & R idVid, e N & BB 2 K
T . L B I AT A R A P R IIR G N, AE 8810 RTOS P A% CL4 ORBRAE T A R, IR R
BN, PIECERAE RS (10T OS) LS RIZ A . YIBEMIAE R G2 Ta LERE RGN % (T LLZ RTOS.
Linux 58) 5kl GFEWSC RS BIRESEON SRR P, BRRIIFE. <4 MEDCR
Az R 84, RT-Thread /2 —4 loT OS.

RT-Thread 5 HABR £ RTOS %1 FreeRTOS. uC/OS H EEX 2z —5, EAMULE DLWz, EE&
FERPEZEAM, wE 1-1 iR
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Cloud SDK/FOTA Thira-party cloud RTI/SystemView Dried persimmon Ul
access SDK
mDNS/uPnP TLS/DTLS Script engine Audio framework
Package
(env&
ackages i
packages) LWM2M/CoAP WebSocket Compression/ Database
decompression library
MQTT HTTP C/S AriKiss
POSIX API | C++ AP | RT-Thread API
Web framework Exception handling/logging Key-value database
Component and
service layer . i _ .
Wi-Fi Manager USB stack DFS virtual file system Security
framework
Device framework Low-power management FinSH console
Kernel layer RT-Thread core libcpu/BSP
ARM C-SKY MIPS Xtensa RISC-V

e
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HAREAE LN B2

W#%Jz=: RT-Thread Wi%, 7 RT-Thread FR% 0l 7y, 48 1 WA RGP G SEEL, F14n2 2658 L
WL (F5E. MEAE. BRI WAFE P, EI285%; libcpu/BSP G i B HEAH R AT IR SRR
SRR DI, MRS CPU A2 AL A .

IS5 IE: A2 EET RT-Thread Wiz B EJZHAE, BlUnEMSCIE RS, FinSH 4T 7t |
MZHHESE . BEHEZRSE . SRR BT, MBIl AR, AU Z AR £

RT-Thread -t 1247+ RT-Thread MK MERAE RS 6 &, 18 AIA [ LT AT ) 38 TR AR, i
FRAE S AR B SO . RT-Thread $24E VIR HATF 0 &, X BAFR T BT HE0T K&
RUEFIBATE, %GNG RS T A2 W EAAF RS, X RT-Thread A= H Z 41K
e BATEATN T MEERGNEFEREE, FOVX SR EARGRA T E AN, Rl
FEFEAR M1, AR T A B A S TR A, AT3E Y QAR EE I R 48, RT-Thread CL28 SRR
R LA T 60+, U1HAE:

& YIERAH S8 EL: Paho MQTT. WebClient. mongoose. WebTerminal 454
& JHATE S MR H ET SRR JerryScript. MicroPython
& D ARMSC AL Openmv, mupdf
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& T HZE#EE: CmBacktrace. EasyFlash. EasylLogger. SystemView

&  RAGMFRMHAME: RTGUL. Persimmon Ul. lwext4. partition. SQLite %545
& SMREESIRENRP AL RealTek RTL8710BN SDK

1.3 RT_Thread N#%

WAZ R B RS Rl R I 7y . &l 1-2 O RT-Thread WIZZEME], WAL THEAZE 2 B, A
o AR AL . S AR S

& 1-2 RT_Thread N RIREZEH

RT-Thread Kernel A
Object Management: object.c
. Real-time Scheduler: schedule.c
Kernel L )
ernel Library Thread Management: thread.c (-3'3
) T 3
Kservice.c Inter-Thread Communication: ipc.c _ 2
: Clock Management: clock.c,timer.c o
kservice.h 2
Memory Management: mem.c,memheap.c -
Device Management: device.c
S
CPU Architecture Support: libcpu
BSP(Borad Support Package): bsp
Hardware: CPU/RAM/Flash/lUART/EMAC etc.

WAZPEFE DN T DRIE N AZ BEWE IOLIZ AT 1 — B /NI RIL C JE R B 146 . e At 1 U “strepy”.
“memcpy” “printf”. “scanf’5% R KL . RT-Thread AZZEUIRHE AR — /MBI C 1 sl Bk B,
N TG ShRE C FEEA, (R BATH TN _E rt_fTgK.

SEI N AL SEINALRE . S RE T, LS OAES . RRERBEEEHE. WNEVEH NS HES%, N
B/NEEIE & S 2 3KB ROM, 1.2KB RAM.

1.4 RT_Thread &2

FEHFEAET, BINEREDKRES, RS ED R AR F DK /N R, /N B
fi, KB MmhEZ R 7o £ RRERIERG T, WRFEREIT RN R DNRIRHIN AR Z A
NI R P AMERIRE P RTC, S BRI S5 OF IEF AT IR, SRR BT BE S AL AR Gt AL SE I
AGIVERE LRI ZSR, BlIUNE AR GHATEFERE S, R LR aRESdE, Il Bor b
Rl s ok, 2L ARG, WU MES RN 7%, WK 13 o, — D T1EF
AR W R UL R B, TR AR S BB E AL, A A AR A I B M A A R U
I e s A ot 2 2o BF b
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Receive sensor data
——»  Taskl | | | | | |

output display
————»  Task?2 ] ] 1]

-
Timeline t

£ RT-Thread 1, 5 _Fi TR0 M IRE 7 SEAR MU AE 20RE, Zofed SEBUE S5 13k, "B RT-Thread
SEARNIEE AL, B T MEFPATIIBATIAE,  thlE T IRXAMESS FT AR5, BB RS ]
BEMR RS, AFEERMES W L BRI, ARKAESE ] Lt BRI S,
MIBAT

BLARIZATI, ERUONE DG CPU 7 AAEIBAT, SAEHATIN IISAT AR N B 30, ROk
HUE SN REMNESE, CRETA AR, M. A EEE.

1.5 RT_Thread B &b 5

RT-Thread [ i £ 5 2 DA Bh 15 471 Ay S0t , B b =45 41148 0002 J B P 2 s )88 19 U+ D D 170 D) g )

XA ESPERE 1 2 I 3R N R Giit b, BB HA (OS Tick) #& RT-Thread #R1E R 40 H e /N Bh BT,
RGeSO~ 32 ML EFF 585, SR Abgh AR 7 Bir e A (B OG5S, W2k FE M AERS . ZRFE I
Vi) 36 Bt R DA B I 2EB N 55, ARG J8 B T AR v B I R Fa Rk o RIS TR o B R HA SR IR T
PG EIE R, kPR R — > OS Tick. OS Tick fUK A URHE RT_TICK_PER_SECOND {5 X
K%, % 1/RT_TICK_PER_SECOND F, Pt 4 S BAR G e 2 i 2 .

1.6 RT_Thread #¥rEE

RT-Thread ¥ b B DD R E 2O B B P I se &% . PP AR ST OIAE . FPITHIRE . TP ITAR 4R . ZRRE D) (1Y
BRI AR E 5

2 CPU IEAEALEE P AN, ANFRRAE TR DL, BOR CPU 13 Al iy TAR# R AL BIX A 7o b HAF .
AP TEEE )R, FE B FORS T WAL, ARSEORK AR, IXAERIEREAR b, SEBLIX — DIRE M R SR
N RS, HiE CPU I ERITF N PR, 42 A Wi [FEI 17 CPU iER i, wiAifE—>h
W DE S AL T 33 AR TR WAL 5B 200, DUSE AL B A B S R R s SRV, B A ST 0 1 20l e 1
AR T K

LhlrrE R, CPU K% QT IR AT -
1)  DRAFAFETEEHURS(E B

2) BRI P TR B R KB PC AR AR
3) I AT 45 Ak FE R BT AR A T
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4)  HAFREHAT RN, KEALHEREE R
5)  MSRH B IR [ B FT MR AT A
HIBT 45 CPU W] DLE SR A A I A4 AT AL BE, AN b1k CPU 8 AN W it 25 160 /2 75 FH L ) S A A

1.7 RT_Thread A& H

AW O AR (Memory PooD) 52 —F A7 BL i, T BOR B R/MHFEIR N A7 B ]
PRI ER P 7720 Be SRR, HLRE RS R e WA e N ARy I, AT BLBH IR 73 e 2 e
(B SRR [A], B S5 R — BT R B, X i timeout S0 E ) o 4 FHARLZRAR ) b Py A7 BE TN A7 L
2 PH ZE 1) LR RE RS MR

ASWAWER D i NS ELRE D ES M N A BB, T DAYE a0 PR R s LT, ARSE A
() 3R A FeAT B/ NI A . T 24 A A 7 B A A IR e Y A7 B, ST DR [ M A A A 2 FH 43 Fic
/. RT-Thread R2GA Tl EAFEMRITER, 24t THERF RS NAAEEE, 5l NENFERE
151 SLAB A7 BB

B NHEAARE B B RGBT LR, TN T 2MB WA TE I AR St
B SLAB WAFE BB 2R R G BHR LU B, St 17— R A2 A A s BRI PRIE A

PR N A7 BRI R RIS AT H B IEFRHh 2 — 8 52 A SIS HE N AFE BEAS . IX A BEA b g
L) AP 322 1 58 44 [A]

Br L&z 4, RT-Thread i —FpEr xS 2 WAFHER T EENLE], B memheap A7 #E. memheap Ji%iE T
RGAFEZ N WAHETEOL, B LS A WA R E—lE, TR — DN RN AESE, H R R ko
S HMELE
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2 RT_Thread M

2.1 LRI RH

i/l RTOS (S B2 ARy 7T LA I N — 2L 2 As . SRR B M R Ch3dT, A2
AR e P A ZE R B RTOS R A B o FEARTI (8], BARE P R — ARl AT, M
RTOS i FERE P 7 DUl € 122 AR N IR 2R o

LAN AT R B 17191 o

led0_thread: this thread toggles LEDO every 500 ms

Create thread:
/* led0_thread definition */
rt_thread_init(&led0_thread,
"led0",
led0_thread_entry,
RT_NULL,
(rt_uint8_t*)&Iled0_stack[0],
sizeof(led0_stack),
3,
5);

/* Start led0_thread™*/
rt_thread_startup(&ledO_thread);

22 55 ERH

B e PR AL TR R AR R [R) D e R AN B, ZRAR T DURIEOR e, TR B FP BUE R
M H

FEESELERERNAE 2-1 fox, 8MES5ENZREG —ME S EEM MRS, F5R0EY
B2 7SR R SEBIEH - BEECH, RS S BN 5, R 5"12%%;&% (BRI AT AL
M, SESESPIEEONER, fHFZESRNLRENS YRR IZE 5 ENER S L, SR W
fE SRS (B
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B 2-1 5 SELERER
Semaphore Thread#1
Control block Semaphore Thread#2
» | | >
S
Semaphore value Thread#n
Semaphore:

/* Create the binary semaphore */
rt_sem_init(&key_sem,
"keysem",
0,
RT_IPC_FLAG_FIFO);

/* Get the semaphore*/
rt_sem_take(&Kkey_sem,
RT_WAITING_FOREVER);

/* Relase the semaphore*/

rt_sem_release(&key_sem);

2.3 B FERHI

HRFEMESEARNE: ALFENARENELRFRERNIAR, BRFESCFIE IR HAER &R
e JF RO R E AR A ARG 1MAE 5 & W AT L AR AR

HFRERRE AP, JFBES (ARESE) « BALERA TN, BRFRE4T SRS, hixA
R EM AR M, XL RCEN, X R B8, REERI AR B
FALFER, HASREG AR AT A S, FA % BRLRRE thaENE F GRS X AT
AR, W 2-2 Pos. ARSI TEESEARRNAR: £ESE T, FACEAFESE
B, iR E S RET IR (RELEIEED .
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Thread#1
Thread#2

Mutex

Hold _

Hold thread > - >

Thread#n

G S B2 T A NEE SR 2R e B e . B e uiiss, Bl — i e ARk
A5 5 AL U7 R R B, Rz A5 5 B O RO R R R AT, X MR e AR IE AT
AR AT RE A E 2P SRS N AR o, DRGSR AR 2 B BUR L e S 2 e
2, SKINPEAECIRRIORE. Wil 2-3 . A5G40 AL B I C =" EEE, L A>SB>C. &fE A,
B AL THERRES, SFfdt —F A, KRR C IEAEEAT, IR 4RE C TR R — L= 5 M. e T
FEFF, ZRFE A SERFINSEMERIR, Z0R8 A FONRa S, BONELZRE C IS, FrblorBIgdT. (Had22k
FE A B RIE M I, T HIEAEGARRE C M, RIRERAE A Bl D) 2IZ6A% C 1247, WiRILnS
2R B SRR RR, MZAE B HOUmieEds. T2 B ML e L4t C i, KIIbZRE B JT4RiE1T,
HPFLEATEN, 4t C ATHRiE T RA A4 C BRI SR M 5, 48 A 45 UHIT. R
DUR, DUSBGORAE TR SR BB TR ASEAT . IXRHEANRECRAIE w5 D0 o 20 A R Wi 2 P 1]
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f£ RT-Thread #1F R4, HxEn] DUERIUSC LRI RS, SRR IR e ARSI IR AR 2 E
HAELRE A RO BHR MR I A, CRERE C LB ZHRTT BILAE A IS0, IR
RACSC LR e S 1) . SXFERERS P 1 C (IRl ik AD B B 3647, il 2-4 s . Lok A&s2 1k,
P A A BRI e MR AR I e, 2 5 AT S iz BHIR M 2R T AL B S R IR S A 2%
MRS HARSE, RJEPAT, IR R AR OZ IR, P ER B BT BoE . BRI, 487K
LA LAERE S 1 2R G GHIRAT (T RIS R 2R3 5
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B 2-4 g %A (M AERFE)
high priority
A
A a c(M) AM) %
i B cannot preempt i i
a |

c — c(M)

I

low priority

ApeaJ Y-

L

W R = .
z 3 - 23 2> T > Timet
z g =9 a S 59
1 228 2 =

< =0 g o =2 3
3 Sz a2
2 SRS
e
<

VEE: R, /SRR R E, AT LR LT, AT A R B
HITEFEK -

Mutex

/* Create the mutex */

rt_mutex_init(&static_mutex,
"smutex”,
RT_IPC_FLAG_FIFO);

/* Get the mutex */
rt_mutex_take(&static_mutex,

10);

/* Relase the mutex */

rt_mutex_detach(&static_mutex);

2.4 ¥4 B BAFIR B

TH B BAF e Ok B R B Wik 55 AR AN e KR R, JHEH B B SN EF. K
(EEE TR A= N SN Rk o Ve VA MED ST TE= MERSY 71 Ptentiinl i S PRI D€ S i o 62 R E S TR R
BRTLR, HEER A LA PR B AR SOT AL PR B . TS BB —Fh R D i A5 75 3.

ik 2-5 ffon, SRREECH IR 5B RE T LUK — 2R B 25T BN B A R [FAIRE, — el AR ]
PAMTE B BAFI R S . 298 2/ BB BNE B A, 85 R SEHE T S A SR B et fa 2eis,
WA, LSRRI RRHENEE SIS, BIJedt st E U (FIFO).
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Message queue control block

Message queue

Send thread
Free list —»D D D
o}

,\(

Interrupt service v

roufine -------

Message list header
Waiting thread queue

Message list tail —>|:| |:| |:| ------ >‘ Thread#1 ‘ ‘ Thread#2 ‘ |:|

RT-Thread #1E RAMHEBAFIX R Z AN CRAR, 47 SBAFIRAIER, B ame 7 BB F ]
P WEBAFIATR WA X T B RN L B BE S . RIS B BA B0 AL 5 3 2N SR,
BN EHEN] DAFIC— 26 By W B B B B8 — AN 5 — ANV B RER 20 PR o v B 3R S A B
B, T BB d e i) msg_queue_head A1 msg_queue_tail; 4L BAE AT RE 21, B TE
msg_queue_free JER— 7S NTHEAERER . FTE 1 S BASH (1)H EAE S AR BB KB, MK
AIEVH B BB B I F 7

Message queue

/* Create the message queue*/
rt_ma_init(&ma,
"maqt",
&msg_pool[0],
128- sizeof(void*),
sizeof(msg_pool),
RT_IPC_FLAG_FIFO);

/* Send the message queue*/

rt_mg_send(&mgq,
&key_info[0],
sizeof(key_info));

/* Receive the message queue*/
rt_mg_recv(&mq,
&buff0],
sizeof(buf),
RT_WAITING_FOREVER);

2.5 HRFB B

RT-Thread #:4F 2R Gt UHEAE T 2RA2 81815, Rr i & IT A EUAIR, RCRBGm o WEAH P K& — S R 1F L e 40
[BE R 4 FHAR GEHXF 32 (ARB RS, TREHINAUNEIDY 4 Ay, Bl BB PHE L R s o — s
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B o MBRURGHRAE AR B, IR 2-6 PR, FRECP RS BIRRE — 3 4 AT K AR AR AR F
BRGNS E R AT AR A A SO S A R AT Ab B

K 2-6 MR LAEnEE
Mailbox control block
Send thread
[
“al
Interrupt service Enter offset
routine .- ad Mailbox Waiting thread queue
) Out offset M M M ------ > ‘ Thread#1 ‘ ‘ Thread#2 ‘ |:|

Mailbox
* Create the mailbox*/
rt_mb_init(&mb,
"mbt",
&mb_pool[0],
sizeof(mb_pool)/4,
RT_IPC_FLAG_FIFO);

/* Send the mailbox*/
rt_mb_send(&mb,
(rt_uint32_t )&key_info[0]);

/* Receive the mailbox*/
rt_mb_recv(&mb,
(rt_uint32_t*)&str,
RT_WAITING_FOREVER);

2.6 EH

HFOAETEMN TEREENFED, SESEAR, BRI —X2, 2XHZHRRED. Bk
H5EZANHEMRATRERN: KT EE - AFOMEELARE, SO FIE A 5 A MR 2R 31T 5 2L 1 ib
B, R, FEA RSN ERERD 2. XM A F R G AR A 32 AL eqT S B AT E R
Bor, RN AR -ADFEM, LREE RS BB DA F ARG, RS
o AR RO RS, RN SR FI 2 —RAERD; Ffa2 S hikov R
WRFED, farR4fs 5& THIARAERD

RT-Thread & X FHFEEAT L N5 AL

1) FMHRSEREMK, FRMLI. FMLRETIE 32 MFMFRE, R4 32 bit TiF 5 A%
BEATIER, A bit AR —FAF
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2) FHEMAHTRD, ARt fhmshng

3)  FFTCHERAE, BY 2 IR M RAR K% R — S (U BRI R R AT K k), HROR SR T R RIS —IR. 1E
RT-Thread ', BANKFEAIA —ADFHAE Ebsic, ©F =B, 252 RT_EVENT_FLAG_AND(Z
#5), RT_EVENT_FLAG OR(Z#Euk) LIK RT_EVENT FLAG_CLEAR(ERARC) « MM %FH
PEFERBET, AT L@ 32 NS EFX AN FAE BRI R AT 4 i B 1) A2 1 2 [R5 %A

B 2-7 Ef LA s

Send events in threads, interrupts

Eventl Event30
An event set 0 1 0 0 0 . 0 O O O 1 0

Thread#l receives event 1, event 30
(event condition check OR/AND)

el 2-7 Fron, SRR RS AR A L ALAIES 30 AL E AL, WIRFAHE BEAMC NS, RN
FE#l AAAEFEAE 1 AFA; 30 AR AL UG A 2wl A Mg,  WERSAHE BARCAI BONZEL, NI F 1 5K
HIF 30 FHMER D REA MM ERZAEA#L. WS BARCFEIN & VIR, U ZRRE41 Mefig
JEk EFNIEHEA 1A 30 i NE, ISR ESR KA (RIE D .

Event

/* Create the event*/

rt_event_init( &event,
"event",
RT_IPC_FLAG_FIFO);

/* Send the event */
rt_event_send( &event,
(1<<0));

/* Receive the event s*/
rt_event_recv( &event,
(1<<0)[(A<<1)),
RT_EVENT_FLAG_AND | RT_EVENT_FLAG_CLEAR,
10,
&ewvt);
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EMR AN A £ FhAS[E] CPU 228y, %140 Cortex-M. ARM920T. MIPS32. RISC-V 4%, 47 {8 RT-Thread
REBETEANIE] CPU M ()5t iy Li24T, RT-Thread #2417 —A libcpu $h % 2 K& B AN 1) CPU 2244 . libcpu
EA EXT N AR G i O, BRI, LRGN e,

RT-Thread ] libcpu #1522 i) TR ML 7 —&4 1) CPU ZEM B, XE D08 1 2R hliT s
B, LR BRSO B IR E AT T ER 2. Cache SFAFNR . TS CPU ZUMREAE 5 ZESiHL
AR .

% 3-1 libcpu BHEA API

PR BRI AR ik
rt_base_trt_hw_interrupt_disable(void); K PR 4 S e
void rt_hw_interrupt_enable(rt_base_t level); T H2 R

rt_uint8_t *rt_hw_stack_init(void *tentry, void o ) ‘ o N N
) . ) EFERIBIAGEAL , WARTELFR 6 AN 2R AR 45 Ak B T 2= T8 FH X A R 3
*parameter, rt_uint8_t *stack_addr, void *texit);

B RIRERAE R LR SCUI e, 7R A8 R 3l 3 — SRR I

void rt_hw_context_switch_to(rt_uint32 to); ) .
PLIAE signal HLTH 218 F

void rt_hw_context_switch(rt_uint32 from,rt_uint32 to); | A from ZEFE D1 E] to 26FE, FITLRAEMLRE 2 [ A1

void rt_hw_context_switch_interrupt(rt_uint32 -
M from LRV E to ZeFE, F T v iy B I AT D045 f Ik A

from, rt_uint32 to);

rt_uint32_t rt_thread_switch_interrupt_flag; FoN it AL BT AT DI i bR

rt_uint32_t rt_interrupt_from_thread, B .
PELREREAT BRSOVt e,  FSRORAT from 1 to Z7%

rt_interrupt_to_thread;
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