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Abstract

With the rapid development of IoT and embedded systems, the requirements for the security and
performance of real-time operating systems (RTOS) are increasing. Traditional C-based RTOS im-
plementations suffer from limitations in memory safety and concurrency control, which can lead to
buffer overflows, data races, and system instability. This project reconstructs the RT-Thread oper-
ating system entirely in Rust, resulting in a new RusT-Thread system. The system adopts a modular
architecture covering kernel services, process scheduling, memory management, inter-thread com-
munication, and clock control, while leveraging Rust’s ownership model and type system to ensure
memory and concurrency safety. Key innovations include an improved multi-level feedback queue
scheduling algorithm, an interrupt-safe data container (RTIntrFreeCell), inline assembly integra-
tion, and a dynamic-static data separation design, which optimizes code simplicity and maintaina-
bility while ensuring functional compatibility. Comprehensive validation through unit tests, inte-
gration tests, and performance benchmarks demonstrates that RusT-Thread achieves real-time
performance comparable to or even better than RT-Thread in terms of interrupt latency, context
switching, and thread creation time. This work highlights the feasibility and advantages of Rust in
system software development and provides valuable insights for the design of secure and reliable
embedded RTOS in the future.
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Figure 1. RusT-Thread overall architecture
1. RusT-Thread S {&ZE24[E

4. RusT-Thread R N+48
4.1. RZREE
W RS Z1EN RusT-Thread #AE RGO A, RiEEEMRES FEN A ENE, Hi

DOI: 10.12677/etis.2025.23015 178 AR AR SRS


https://doi.org/10.12677/etis.2025.23015

PR &

Oy TN EE X AE Rust H R SEEL T S0 R
o FEWRALFPLAN: KH Rust ff) Option #1 Result s 8B AL Gidt iR i, 18 i A5 T IS T 525 bR 4
PATEER . FEG PR R A B A AT A A A, G R DR AL BE A 2 51 R ), IR R G E
B17.
o WNAEERAEREL: FIFH Rust brifEEF 1) Core:alloc fibR, 454 H & LI A7 2 e SRS AN B 4544, S8l
I RURIE ARSI IO, P A R, B DR R R T R 22 A 1k
o FRIEMRERE: 58 Rust WE K String A str 2881 KRBT %, SEIThRE K H 24 @ A 7175
FRACFRINRE, AR G0t X i S R, T RGO SCARKEFR TR
o KRB HITIEE: 454 cortex_m_semihosting T B ZEH1 Rust H#% 2 AL 745 5 22 (format! . printn!4%),
LB A DIRE . £ QEMU BRI IASE R, i -1 £ D) Ae it Aol Aok 20 AL
B, CRFZFPEAER AR G g, R RS B RN TR R
o WIRAWTZTHEE: 1) Rust () Debug A1 Display 4514 LA & assert!. debug_assert!ZF%%, SZHL5E 3% A
AW S Thee. v E e CEEE B SEIUAR SR,  DME LR B B R VRS B @l W S A
T S B BB I0), BE TR
o HEREI: FIH Rust [ Vec FEhrue ey KA, 456 Falfae iR EREIE 45 B B2 8, ME &8
BEFRGEM . I AT AUREMSIEE RO R, SR MBS ERAE, RIS BIET A BURGRIE A A
MU B DR A 1) 22 A R IE A P
WATESRANN T Cell A5k, DLEE 47 HUIE RS Rust (O35 548 Cell BiEzEl 7 — ANl 2 4 3L =50
457 RTIntrFreeCell<T>, iXj& RT-Thread SEif#/E RGH L0 ARG A2 —. HiZz0 B E2
TE 2 SRR AN W A8 N 4R k22 i L B U i HL], S8 B AR R RS H Wk By B EOE  , BAk
WRILAELL N = A J7 1Hi:
1. st
o {EVT IR IL = HERT B 308 rt_hw_interrupt_disable ()24 i
o Vil4EH 5 HahiAH rt_hw_interrupt_enable ()P & K
o H LRI T X ARAD REGS J5 7 MR MU AT, 8 G Bt AN — B0 )
2. RAIl BEEH
o f¥H RTIntrRefMut £ % fefia%t, FIH Rust 1) Drop 55 SEEL H 3l 55 IR L
o 4 RTIntrRefMut & tH{EF I, BEWWKE W], FAR 7 T30 B3 IR KU
3. RyEHIVE 75
e fit exclusive_access ()77 12 3RO o5 15 r) A B
FEAL exclusive_session () /5 iE7E AL AT I 5L X ACHD
P2t as_ptr OF1 as_mut_ptr ()7 3REURE TR AR, T7F R EEAE
Fe it field_ptr O#1 field_mut_ptr ()7 %3RS R 7 B B AR 4R 8, 3998 RIEE
£ RusT-Thread P, FRATME X M0 R R 47 1 46 75 222 ] I 452w T i 25 5 7 AR e 20 2
W OC B A, L R FR P G B (TCB) . 1 B AR A e B 2% 41 3R DL R N A7 N A .
RTIntrFreeCell<T>[1{E FH 2 FE it — A “Hrrst” o 6 CR7E AT AT 500 U il B2 22 4 1, 106 TR IE
IR RGN — S E AR AR TR e M R O E

42. BHEHRE
ifH4h 5 2 (hardware) s RusT-Thread #:1/E R4 7E Cortex-M4 22Ky N [ )24 SRR, A3

©O O O O

DOI: 10.12677/etis.2025.23015 179 AR AR SRS


https://doi.org/10.12677/etis.2025.23015

PR &

CPU i [\ B F3C)e. F ab B BEAE TR, N b2 R GRS A 5% AH DG IR B At I 55
{4 R 2 2 HAE RGO G 7, @ X B, RusT-Thread B8 SCHLm 2 ] FE A4 {4 8%
BEMAESRE, K EENHEMERERIEIT .
B AT
hardware
— context.rs  # 4 ETCUME, M ANBEIGISEIILRE bR M7 SIRE

— cpuport.rs  # CPU #%11-Cortex-M4, & X 7 MWL #ii. cPuSEHL. cPU HJE

[— exception.rs # R AbEIISEH %L

— irq.rs # WIRTEEEDR, R4 RIRETL WkE, Hae/ A TR

L— mod.rs AR, RN

1. EFCYIHAE (context.rs)
AR BRSO, B DR dE
o LR LN XHIRAFESKE
o PendSV HITAL IR (SEFRPAT R SC)R)
o IR rt_hw_context_switch. rt_hw_context_switch_interrupt #1 rt_hw_context_switch_to 2§ I~ St {#e kb
o SIMZRRRE A E AT, A 2 2R AE R B A% oML
2. CPU ¥ O (cpuport.rs)
feft 5 CPU i B AH G I i /= SCRF[3]
o E X FHHRMI ExceptionStackFrame FIF M StackFrame 4514
o SEILLRFEARWIUG 1L B2 rt_hw_stack_init
o Rt CPU J%#HL rt_hw_cpu_shutdown FI1EE 3 rt_hw_cpu_reset 2 IfjfE
o T FPU SCRR(F iz S EIT)
3. B ERE(irg.rs)
SE I W Ak BEAE O 1) D) e«
o TR ECE B
o PRALA KA AE/AE F R rt_hw_interrupt_disable/enable
o FTHEANLRHALFE rtinterrupt_enter/leave
o SCHFHPTEYT R B B (R R T SR )
o FREUHITREZ % rt_interrupt_get_nest
4. R AEEAEB (exception.rs)
BT AP R G IS AT ) &M
o HRALEE{FASR AL BE (HardFault, MemManage. BusFault. UsageFault)
o FHEEWESHH
o SCFFRHEETHLE rt_hw_exception_install

DOI: 10.12677/etis.2025.23015 180 AR AR SRS


https://doi.org/10.12677/etis.2025.23015

PR &

o VEANAIFRERER 52 W ThRE

4.3 HIZREERE
YE79 RusT-Thread #&fF RZEMIZ L, BEREHER A TUEBAEZA LR, WMRENESER. o

PSR AL SR TR, SKHUF AT, BBt

o FEFWBE: K PIBZ MG, Poog A PLEHATAI BT, ORER SO0 Se AT 55 B0 SR WA 2, [ et
FESHIATIAT o« SCHF 2 MRS, Bk 5RO5 8 AN RN 3 5 S 2R 1 8

o ARHZOERE. ROMUCSORESRIENIL e + WE) R e He) 2 Z0 0 A B 55305, P T AR
PSP it SR RAE LR L SE, AN R 5506 S PR AN B3I 0 BC AR 75 3K

o LR API B N PR T - RIIFEMED, AR SN SRR AT R A
#l, Gt MR, . WELRESERE, ROTBOHRRRERAWE 2 s, R RAE 73k
ORI B 2R S P 3 11, (S P P MR S B R SR 2R AR REAT AR Al L B

O Thread JRZSF%#E

delete

suspend

suspend

Suspend »  Ready schedule Running
resume
startup = suspend+resume time uplyield
o Scheduler @
create
O

In priorityTable

Figure 2. Process state transition
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/// P
traitpub trait SchedulingPolicy: Send + Sync {
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/// * " current_thread’ - HIIZ{THIZRE
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/// # REH
/// * ~Option<(Arc<RtThread>, bool)>" - (EHIMZFE, &7 RAE TR B A
fn select_next_thread(
&self,
current_thread: &0ption<Arc<RtThread>>,
)
-> Option<(Arc<RtThread>, bool)>;
/// RIS 4 FR

fn get_policy_name(&self) -> &'static str;

}
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#[cfg(feature = "tiny ffs")]const _ LOWEST_BLT_BITMAP: [u8; 37] = [
e, 1, 2, 27, 3, 24, 28, 32, 4, 17, 25, 31, 29, 12, 32, 14,
5, 8, 18, 32, 26, 23, 32, 16, 30, 11, 13, 7, 32, 22, 15, 10,

6, 21, 9, 20, 19];

#[cfg(feature = "tiny ffs")]pub fn _ rt_ffs(value: u32) -> u8 {

if value == 0@ {

return 0;

_ LOWEST BIT BITMAP[((value & (value - 1
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Figure 3. Memory data organization method
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///RTSmallMemItem % AN RAEBIIEA S S, R TR B A AR R A N AE B [repr(c) Tpub struct
RTSmallMemItem {

/11 AAFIgREE

pub pool_ptr: usize,
#[cfg(target_pointer_width = "64")]// %
pub resv: u32,//{RETEB, HTXFF, 644
/1] N —AZ R

pub next: usize,

/TR —ANZE IR R FE A

pub prev: usize,

#[cfg(feature = "mem_trace")]//5&MH4mit, WATEREERL

#[cfg(target_pointer_width = "64")1//%/ 4%, 64

pub thread: [u8; 8],//4f% ID, 6 i i
#[cfg(feature = "mem_trace")]//Z&F4miE, WAFBREZEL

#[cfg(target_pointer_width = "32")1//4M 4%, 32 fi

pub thread: [u8; 41,//4f% 1D, 324 A}
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debug_assert!((mem as usize) >= ((*small_mem).heap_ptr as usize));

debug_assert!((mem as usize) < ((*small_mem).heap_end as usize));

debug_assert!(mem_is_used(mem));

if m.is_null() || size == 0 {

return ptr::null_mut();
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C &= iEiL rt_hw_interrupt_disable/rt_hw_interrupt_enable T-zh{f4/ S X, Bk I R BEIRHE S5 #) o

rt_base_t level = rt_hw_interrupt_disable();

/] .. REKX.

rt_hw_interrupt_enable(level);

Rust [FI#£1# A rt_hw_interrupt_disable/rt_hw_interrupt_enable, {H % T RAI (¥ H sh B ) &ML
HIBEAT R, g N R AR
let level = rt_hw_interrupt_disable();

/1. RREX ...

rt_hw_interrupt_enable(level),;
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Figure 4. Semaphore working diagram
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struct -

rt_semaphore ( rt_sem_create/init() )
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Figure 5. Semaphore related operation functions
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Figure 6. Memory performance test results
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9. MMAFENECRE THIFRTELR

K9 o 1 WL DU by A7 B

BRI 64—128, 128—64, 64—256, 256—64) | [IFERT EL 4k

o 3735tk RusT-Thread FUFERT AR ZK T ARy AL RS, BlUn 128—64 (%) 12.95 ns, TfitniEZFEZ) 89.6

ns

o ZRH] RusT-Thread ZHiC %% il BE K A st b 4™ fg Bl # i

IR, 8 BN R B TS ST

JITEL, RusT-Thread Xf reallocation #:{F1EAT 7 ALAL, 757 EEhAHUE WAFHAN 37 Frh R BLE N

Hite,
5.2. RN
PR A AL LA 1 T -

RusT-thread/src/test
F— README.md
— comprehensive_example.rs

— example.rs

— example_mfg.rs
— integration_test.rs

t
— mod.rs

I— performance_test.rs

F— switch_time_test.rs

— test_all.rs
— test_cell.rs

If test_excp.rs
— test_interupt.rs
If test_ipc.rs

If test_mem.rs

— test_scheduler.rs
— test_small_mem.rs
— test_thread.rs

)

L— test_timer.rs

HN N CZRFEAE . oG

AR T BB I R AR O A B 2 L 75

S
¢ /MFQ/ Hh 46 4

VAR

142 il R Th e It o

DOI: 10.12677/etis.2025.23015

IRARBAR S ERER S


https://doi.org/10.12677/etis.2025.23015

PR &

5.3. BT

AT BE A S 7 EA0 0 P oeI sG], XA DI REREAT 78 0 J0iE . 4, X 2R i BB,
Wk T RREM AN B3, Hult, R, MIBRSERARLE, USRI A T & RE U Bt s 4
B XA, MK T AR EC . BRI EEPTEAE AR DL BRAE alloc AU &R SRR X E I 4%
R, 7R SRRIEIE . BB, b ER AR, DULOE I A [ B BT AR

5.4. SRR

FEASEH R AR, FRATT R A5 OIS BB M S RGUREAR T BE IR, BEih T DU SR 55
1. FER MR
o JFREFEAIE: ZLLFEFEN G RT-Thread £8FE, WAFLLFEE 2 41k .
o MRICHVARERAE: BRI RLREI L EHATIT , #h PR FE 880 e s SUER
o WAFHE IR B A N AE A TCREG 5, SR IE A A7 AR
2. SR
o RHBIZEFEAIEE: B4 100 MEFEFRIFNEIT, Wik RS0 fEde e k.
o AP AR:  HEAT 1000 YRBEALA /NI AF S FCREG,  B0IF 4 77 B 45 P e
o GERFEREAEMR: Al 50 ANER EFEEIZAT, WIREHEr R g AR
3. P FM AR
o JHFHUEMG: MRE/NERARML R BANNAENE . TN LD TS
o HRHFEA: WIXEL)Z L. ERERAR. TR 1D S5 H 4.
o BRUEFESRMA: BN LETIRFER Y5, WIE RG AR TS
4. RGiFaRE MR
o KEFENEATINR: RIUF ARG KRR E .

5.5. MEEEEAEMIR

NUGAE RusT-Thread HJSEPERE, FATBCT 78X RTOS %0 Fa bR AR BEREAENA i 2R . I A
SR IR ) 8 2 R 2R M S8 ) AT TR, K SN R A R G X0 T P R A R G SRR . JRA i 4
T VYIRZ R AR BEAT VA A BT S I IR0 E 2R G %o A/ S S A R o IS5k B, ) S I [ 0 5K PP Al A 5% T
(RIS, BRSO R A LR DR, 2R St T e 6 R 48 IR Y PR fE o X 22l
WA B IRATA B RN AL 22 1], 5 L O R GEH) e PERIESR B T S ALK, Wik RusT-
Thread i 55 /2 1 N TR MV P2 S PR At B 18] 225K [4] 5]

5.5.1. FBTRERTUIR
FATFIH Cortex-M % E 5 ) SysTick (38 Gt 25 i I 2%) ks i il & b I 21N . SysTick A<Ji & —
A 24 AR FRT RS . AR R R R
o WEEGME: THEEE LRGN Bh AT N — AN Tk 1Y) 5 2 (Reload Value) FF4Ri# I8 . 4 iHEUE M 1 Jk 3]
0 Bf, AfifF2x 7RIl SysTick Hrit.
o HINEE: MK TWTHIE AR E I, S B S R B RS, ISR R
— R, AN ISR IC T AT AT A
T R R 45 AR 7 I RAT S A AE VN FESR , T SysTick THE#S fE L a1 I A A 1k . IRt BAITmT L
TEH BT AR 55 AR 7 BN E Ak, S7 BRI Z) SysTick TH a8 19 24 AT {8 . 8 XN 2E, TA T RERE i T

DOI: 10.12677/etis.2025.23015 189 AR AR SRS


https://doi.org/10.12677/etis.2025.23015

PR &

T ERS o THEAR:
TETER = (ERE - SEME)/ RANHRE
FATR ST 1000 ST HHBER 04 1.21 s,

5.5.2. MuRZA S

A0 SN R B A o 2B B R G5 58 ORI AT (S B ], AR AR . A 55 R AN AT A
WA IR  BAR BRI B T RGO SR i B v A BE 7T, R VAl S R RAERE ISR A TR AR

TEFRATTOT MR A, A5 FH B ATLECAE A DL (R AL A F, 58 B A T B ] 2 il — A B AL B 5 — A
MRS, M/NFURERER, AR — AN, bR RS AL, FTROER,
A1) 60D o IR AT 434

WA VEEED =R 2% b, RN SR =R FE S A FERE PR A B 3, P28
M 7 Fsf (1) R0 S 4 P i 2B i), 45 SR 4 P 10 i o

REVEBETEAR -

AR oA a5 A

2.03ms
B PR HFA; (4-6): 37 A, TIYMMNEIE: 12.14 ms
sk | I 12.14ms

28.28ms

Figure 10. Event response time test results
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Table 2. Time performance of thread switching
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Figure 11. RT-Thread official performance test results
11. RT-Thread B 75 4 8EMIIXEER

MR T MR- F & & Zyng 7020, 1ZJFRARAIES N 800 MHz, 134114 H ) QEMU AL /&
stm32f405 [T KA, TN 168 MHz, 7EXT HL I RS B % 8 AH O¢ A A A R U .

Table 4. Performance comparison between RusT-Thread and RT-Thread
%% 4. RusT-Thread 5 RT-Thread T&EXTEE

it RT-Thread RusT-Thread B 5 R a)
HH T ZE BT (ns) 321 1210 254
o 'a k(1) 0.633 2.58 0.542
HALENEE (us) 2.969 2.60 0.546

gi b, FATES G0 RusT-Thread #:1E R HISERT £ 5 RT-Thread A4 E 2 H ML Tk 4), XFE
FATIWIH]E B PERESR THI H A5 o

7. RusT-Thread Lt EFf1Gt 5

71 LR
1 A REEPRIHES . Rust BIFTARILEIE1S RusT-Thread #:4F RGEN 7L MR %4 b
RAMLH[7] [8]

2. mEREYUEIE HaT LUE R . fEF5 3 RusT-Thread #:F REGTHT, FRATHET Rust iF S e, @57 7]
ALK RGO, € (UG HHRTT ARG .
3. FEHGRE Y M, BIAHAI S RE Cortex-M4 ¥ &5, (HIEHL ) Hardware R T 5 424 J&-F

AN
= o

4. ZRERSNEREILEE. EARRE Bt M AL, i, e + RR &S fENFFE

DOI: 10.12677/etis.2025.23015 192 AR AR SRS


https://doi.org/10.12677/etis.2025.23015

PR &

BESCRAHKER G N Bl A 55 2 B A7 23 75 2K
5. VEREILTS . 7E Rust 5 R ARG LAE £ T Utk RE 55 C R TEREM 2.
6. Mk FE . A SMEII & T IREMARER, AT e80T .

7.2. BRRR

LSRR 56 o thF IR A7, JA 1R e e SR
2. Rust JT BUBLAISES 0 (R AT HEbE 25, A F 4ok s I

3. SN M RTFR L H

4 SHRGREUAE, BELETFR.

8. BRESRE

HEHA MBR O HE, RusT-Thread I H 4 T8k 1 Hr B« AT K RT-Thread nano N #%
IRZOThRE, BIRLFE . NEE . kL. WA ARS . IPC 4%, H RustiE 54T 7 SR B E
SR EAME —IREARRIIER, BRIEMA XL #E RGP, X Rust 155 24t R
AT 5 R 1) — IR FE SR 5 300

8.1 #wLMR: REMSHRENNERA

1. NEREEA

BRIOGR B T Rust 58 K10 HTA LR GORIME FHAS B AL 1 R AR A M . J8id RTIntrFreeCell
SRR, BATE R R TR R RGP AR EAR U X R AL, B ERSE g T REN. &2
PRIX I S C IHRE WL “Wa R MR BRI AR AERR S B . YA IR S5 () 1 A B2 1 [X] Option/Result 7%
5 I H A ] T

2. HEEEARZ

WAFFAR R LER “ 24 MR . A5 OO T SR (3 TA2 B + FFS MR se 20 . Bl
B2 HBIAS) . RN TE L8 S BL, BAK Rust B AT G A0, JERAH(R T RusT-Thread
£ QEMU MRS T I REFRbR (R I RS . B R SCh)de. ZRFEGIEE . ma iR A)) 5 R C SeI RT-
Thread Nano 124 H 2= BS AT L% . IXAERA T Rust 58457 fE 1 EAE X S PR 2SR 57 20 i N S\ 5t

3. ARG HE 18] 5 17 B

Rust (ELRIE 5 4FME (0 trait. 278 SR8 BObRAE B2 2%) B 3R TE T RIS I FIE IR mT et . el
MR, 7 S IR 45 HE 4 5 22 Th Rl (o 58 AR 1) s IR 24— 20 AR 4R SR I AT ER N, RusT-Thread 4% 048
fith (£ 5500 17)HHEL S C RR(2) 9600 17 1 2 2 ¥ 7 o AEHAL Be T H A7 BT 1) 4t Rt LA QR 25 44 58 5 F
HARRIY FE[9].

4. HZWRAEER

AR 7R a5 oo AR B 4 1 1 R R AE (W AEPERE . T IE RS . B[R] B
OO LRRROIER) MBRIE AR R . VESEIIBIRATGIEY T KA ThA ERTE, HOAMEREMRALAN 5 8% AR
BT RS IR

8.2. PRIk S5/ : # “HRHl” EBIW Rust

I H SR HIE— LRI AT B R Z i, FRATTR AR -1 24T BRI Y B g BB 1 A
BB SRR E 24, 8T cortex-m. cortex-m-rt Z5 45 & NESL A IT LR, 1045 Rust BES 2w 1%

DOI: 10.12677/etis.2025.23015 193 AR AR SRS


https://doi.org/10.12677/etis.2025.23015

PR &

R, B2 DL BRI G4t —7E Rust Y505 (1977 ZALARR U [8]: M R B e N 20T K 1 4 Jm 7% il
NI RTIntrFreeCell + lazy_static 20 & 25324t 7 2 & 5ER) Rust R 7 . B— R e ik, #m
R T BATE Rust TEHRN SUBHLIR 5T S (1) 3 -

8.3. BEXRN: WEFEMA. EHMA RusT-Thread £

RusT-Thread HJUEA: R & — AN i, FRATTREH A K 7815 HI A -

1. el 59 R

(1) FERMES

ARG RT-Thread 1 [X i 24 (1 1% O 81 63 (0 2% B0 AR IwIP/PicoTCP . 3L 1 & 4t
LittleFS/SPIFFS. GUI 4#45%), =2 M%K% a. RATHE T EFRHEWT Rust-C BE(FE#N, ibiEE
MELA C 15 RIFAESE g HhAl N\ Rust 2E3 .

(2) BANZFeIE

SEEI B 56 3 1 4 A7 SR B (Slab, MemHeap). SCHREFEFEE R IPC HLEIGH S AF . HEFE. FAFEE).
KR ZIZ(SMP) s e WIZ R IR 207 1A

(3) AfAbfkme

M HTA R AN 32 A AL K Z AR . AORTHRITI NS LT Rust-native # 1R EAY, JRER S H &
SHERGBERDIRE, b R T . A AL

2. AFBRBEELK

(1) Sz H

H Al C7E Cortex-M4 EEGHIE. T — R BC 5 2 i 28/ 11 Cortex- MO+/M3/M7 HI RISC-V, Hiz &
B2 B A S AT .

(2) BT R E

SEHE 2 W OCRIR F AR A A BRI G
o RS 4 PR rustdoc APL SRS, LSRR 2 4 1k T
o ML SIS ZEHALTER . WA OB TR T
o A% fRAEHFNHIFRER. 5T EFREHTF IS RRGImE, 2% FIC Rust iR AT K

BT -

(3) TR

FEEEAAARR AR AR (W B 4 AT ER %) . SR ERARTS,  FHPR R T 4 (9 R 1 S e 4R A (L B R A\ 1)
GDB 3 #F).

RusT-Thread 1 H /& — X FHEUK 24K, SUEW T Rust 78 B8 A2 BR 1K) SE I B 4E RGEARAMN AT 4T, &
Ry R 3 1 2 A VERNIF R TE . BRATEMRIAMUE —EMRE, BEEARRRARXRGIT K AKX
. R CTFHE, XA M. RATFAVIARE 2% Rust MR AN RGUEMBHRIT R E A, 3
[F4T % RusT-Thread, FHATE RN — AN EIEZ 4, B 5 MIFRSERHRE RGUERE, NEF= RN
BB A E NG /1 w4 E L, PRI, Rust ki A 2R SR Al 1,

B oW

AWK BT EBEBRR AR RS H SRR, 21X BURSHE IR Z TN AT H 45 3
SR URAE B 20 P A K A T3 f 246 B !

DOI: 10.12677/etis.2025.23015 194 AR AR SRS


https://doi.org/10.12677/etis.2025.23015

PR &

SE

(1]
(2]
(3]
(4]
(5]
(6]
[7]
(8]
(9]

RT-Thread k4 .02 [EB/OL]. https://www.rt-thread.org/document/site/#/, 2025-04-21.

Klabnik, S. and Nichols, C. (2018) The Rust Programming Language. No Starch Press.

Brifn, iR, 9KkIE. Rust i S HLHIS 2R [CII5E 39 R4 T ENLZ BRI R W . 2024.

BIRE, TEORAE, BRRHPER, SR, B E ReWERIR[]. 58 %2 4a5k, 2023, 8(6): 64-83.

Criterion |3 T. & [EB/OL]. https://docs.rs/criterion/latest/criterion/, 2025-05-23.

Pompeii, E. (2024) How to Benchmark Rust Code with Criterion. https://bencher.dev/learn/benchmarking/rust/criterion/
T4 HE 5 3 % RT-Thread 1% /48[EB/OL]. https:/zhuanlan.zhihu.com/p/641915283, 2025-04-21.

SRR Rust + AT 58T & 44 [EB/OL]. hitps://zhuanlan.zhihu.com/p/628575325, 2025-04-21.

RT-Thread 7= {14 . [EB/OLY]. https://www.rt-thread.com/products/Performance-38.html, 2025-04-21.

DOI: 10.12677/etis.2025.23015 195 AR AR SRS


https://doi.org/10.12677/etis.2025.23015
https://www.rt-thread.org/document/site/#/
https://docs.rs/criterion/latest/criterion/
https://bencher.dev/learn/benchmarking/rust/criterion/
https://zhuanlan.zhihu.com/p/641915283
https://zhuanlan.zhihu.com/p/628575325
https://www.rt-thread.com/products/Performance-38.html

	RusT-Thread：基于Rust面向资源受限嵌入式设备的操作系统的实践
	摘  要
	关键词
	RusT-Thread: A Rust-Based Operating System for Resource-Constrained Embedded Devices
	Abstract
	Keywords
	1. 简介
	2. 项目特色
	3. 架构概述
	4. RusT-Thread模块介绍
	4.1. 内核服务层
	4.2. 硬件抽象层
	4.3. 进程调度层
	4.4. 内存管理层
	4.5. 线程通信层
	4.6. 时钟控制层
	4.6.1. 时钟节拍的产生
	4.6.2. 时钟中断的管理
	4.6.3. 定时器的管理


	5. RusT-Thread性能与验证测试
	5.1. 内存性能测试
	5.2. 模块验证测试
	5.3. 单元测试
	5.4. 集成测试
	5.5. 性能基准测试
	5.5.1. 中断延时测试
	5.5.2. 响应时间测试
	5.5.3. 上下文切换时间测试
	5.5.4. 线程创建时间测试


	6. RusT-Thread与RT-Thread性能对比
	7. RusT-Thread优点和缺点
	7.1. 优点
	7.2. 缺点

	8. 总结与展望
	8.1. 核心成果：安全性与性能的双重提升
	8.2. 挑战与突破：在“裸机”上驾驭Rust
	8.3. 展望未来：构建更强大、更开放的RusT-Thread生态

	致  谢
	参考文献

