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img/ /IR E
examples/ / /AR
— examplel/hello //libcHlrustZmizd HARATMNR, B/YRustIBSEF
— example2/hello //MiAmar co_mainf@ MM s tdout PRI P
— example3/thread_test//MliAthreadZE IR T
— example4/mutex_test //MiXmutex MR
— example5/read_test //MiXstdinZERINIXERT
L— example6/file_test //iMHAFfsERIMNIARERF
libc/ //Rus tTEA R R G- & SN R £z
marco_main/ / /7 FRus t XU HImain B 20450 C XU I ma L n BN ER Y 12
rtsmart-std/ //ETF Libe PR tsmar t 36 L IIbRIEZE
— src/ /7 PEAES
— api/ / /B 1ibeiapi
— prelude/ V4 EIPN: )z
| fs.rs //fslE
|  lib.rs / BB
| malloc.rs /I NAESYBLES
|  mutex.rs //mutex)#
|  put.rs //stdout RIS
|  stdin.rs //stdinfE
|  stdout.rs //stdout
|  thread.rs //thread/%
L— time.rs //timefE
rust/ /7 REINGRIEERR, fErust4aiasIf R R B e sc ik
video/ / /BRI e TS AR

worklog/ //HENTAERE
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RAIBTUHEFRAT A, ARIEMNEBELSE 2N =585, 2AlEE2EERustErt-smart 255 _EAMRER L
B libe . MIRUStHRIFSERIT— 3] aarch64-unknown-rtsmart “E& 04 ER. 5 rt-smart°F
& FIYRusthRIEZE

2.1 AP EE % Libe

%R T Rusti FFT THRESLFIRY, FFI /%) Foregn Function Interface , RISLHIA[ARIEIES
EREIAE B, N TEZRNIE, IR EANRGREZESNCADRE, BrNMFAIH, Rust
ESEN RN R RFRRIEES, EF c/c++ —FEHE EREEEE Mg IE AN EHE ST,
FHEE Java, Python ZFJREMEHERWUEREPITFE S LA BIRIENANIES, RS FFI NA S
%, MH c/c+ WEARESEA, rust REKREMEAHESER T, BEEY Frr HEEHE
BH c/c++ FE, XN T—THNIES RePUR T2z F 210 H Hh2 B OCEEN,

Rust M C HUTHIL, BATFHRZEAE Rust FHABITRZIAIT C BREY, IXAE Rust FE4 1AL O HIFT 5 AR
MG, R C AUMTERSHIE, Rust FHERA extern "c AU7A XA C WAMEN, T

Rust FARIESLRR C MEHSEIUR B %2, FrbA— AR E unsafe Ky (RO, HZECH
BRI T unsafe HRH)  TREIUTR:

use libc::c_int;

#[link(name = "add")]
unsafe extern "C" {
fn add(c_int, c_int) -> c_int;

}

fn main() {
let a: 132 10;
let b: i32 20;
let c: i32 = unsafe { add(a, b) };

MG CHFI C+ # AT DASEF SCBF C++ AUGRIE SR T4R1%, Rust Fl C FREMEH & B A FIRSR 1R TS0
B, mEfERHERK, Rust AM CHEHRZILR C RN ESES, ARTEME Rust PR, 1E
R B RS C S,

FATRT DATE A AR BRI EARFERY rust JBPEZ #[ link(name = "add")] ZEIES9mFaIEHZEIE DA
RS

anit, FAIA Libe FERIVERTR R LECRERR 5 | AFFREEEIRUSUY R R, FEASFRATIAIRUSt H
R PP RERS A AR LE CIAE R R

2.2 RustZiik Hin

Rusté P e AT R [FSE A 1SR gmias Nicompiler/rust_targetsRE X, T 15 H14m 1P 2 b A AT A
t, PUN 2SI SRR o i H b

supported_targets! {
("x86_64-unknown-1linux-gnu", x86_64_unknown_1linux_gnu),
("x86_64-unknown-1linux-gnux32", x86_64_unknown_linux_gnux32),
("1686-unknown-linux-gnu", 1i686_unknown_linux_gnu),
("i586-unknown-linux-gnu", 1i586_unknown_linux_gnu),
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("loongarch64-unknown-linux-gnu", loongarch64_unknown_linux_gnu),
("loongarch64-unknown-1linux-musl", loongarch64_unknown_linux_musl),
("m68k-unknown-1linux-gnu", m68k_unknown_linux_gnu),
("csky-unknown-linux-gnuabiv2", csky_unknown_1linux_gnuabiv2),
("csky-unknown-1linux-gnuabiv2hf", csky_unknown_linux_gnuabiv2hf),
("mips-unknown-linux-gnu", mips_unknown_1linux_gnu),
("mips64-unknown-linux-gnuabi64", mips64_unknown_linux_gnuabi64),
("mips64el-unknown-1linux-gnuabi64", mips64el_unknown_linux_gnuabi64),
("mipsisa32r6-unknown-linux-gnu", mipsisa32r6_unknown_linux_gnu),
("mipsisa32r6el-unknown-1linux-gnu", mipsisa32r6el_unknown_1linux_gnu),
("mipsisa64r6-unknown-linux-gnuabi64", mipsisa64r6_unknown_linux_gnuabi64),
("mipsisa64r6el-unknown-1linux-gnuabi64",
mipsisa64r6el_unknown_1linux_gnuabi64),
("mipsel-unknown-1linux-gnu", mipsel_unknown_linux_gnu),
("powerpc-unknown-linux-gnu", powerpc_unknown_linux_gnu),
("powerpc-unknown-linux-gnuspe", powerpc_unknown_linux_gnuspe),
("powerpc-unknown-linux-musl", powerpc_unknown_linux_musl),
("powerpc64-ibm-aix", powerpc64_ibm_aix),
("powerpc64-unknown-linux-gnu'", powerpc64_unknown_linux_gnu),
("powerpc64-unknown-linux-musl", powerpc64_unknown_linux_musl),
("powerpc64le-unknown-1linux-gnu", powerpc64le_unknown_linux_gnu),
"powerpc64le-unknown-linux-musl", powerpc64le_unknown_linux_musl),
p p
("s390x-unknown-linux-gnu", s390x_unknown_1linux_gnu),
("s390x-unknown-linux-musl", s390x_unknown_linux_musl),
("sparc-unknown-1linux-gnu", sparc_unknown_1linux_gnu),
("sparc64-unknown-1linux-gnu", sparc64_unknown_linux_gnu),
("arm-unknown-1linux-gnueabi", arm_unknown_linux_gnueabi),
"arm-unknown-linux-gnueabihf", arm_unknown_linux_gnueabihf),

g g
("armeb-unknown-1linux-gnueabi", armeb_unknown_linux_gnueabi),
("arm-unknown-linux-musleabi", arm_unknown_linux_musleabi),
("arm-unknown-linux-musleabihf", arm_unknown_1linux_musleabihf),
("armv4t-unknown-linux-gnueabi", armv4t_unknown_linux_gnueabi),

"armv5te-unknown-linux-gnueabi", armv5te_unknown_linux_gnueabi),
9
("armv5te-unknown-linux-musleabi", armv5te_unknown_linux_musleabi),
("armv5te-unknown-1linux-uclibceabi", armv5te_unknown_linux_uclibceabi),
("aarch64-unknown-linux-musl", aarch64_unknown_linux_musl),
("x86_64-unknown-linux-musl", x86_64_unknown_linux_musl),
("i686-unknown-linux-musl", 1i686_unknown_linux_musl),
("1i586-unknown-linux-musl", 1i586_unknown_1linux_musl),
("mips-unknown-1linux-musl", mips_unknown_1linux_musl),
("mipsel-unknown-linux-musl", mipsel_unknown_linux_musl),
("mips64-unknown-linux-muslabi64", mips64_unknown_linux_muslabi64),
mips64el-unknown-linux-muslabi64", mips64el_unknown_linux_muslabi ,
" 64el k 1 labi64 64el k 1 labi64
exagon-unknown-linux-musl", hexagon_unknown_linux_musl),
"h k 1i 1", hexag k i 1
("hexagon-unknown-none-elf", hexagon_unknown_none_elf),
mips-unknown-linux-uclibc", mips_unknown_1linux_uclibc),
""mi k 1i libc" i k 1i lib
mipsel-unknown-1linux-uclibc", mipsel_unknown_linux_uclibc),
"mipsel k 1i libc" ipsel k i lib
i -linux-android", i _linux_android),
"i1686-1 d d 686_1 droid
x86_64-1linux-android", x86_64_linux_android),
"x86_64- 11 droid" 86_64_11 droid

BAOGIEER, A XN targethic E, M TS RHmIFSRICFEN—SREER, filun:
e 1llvm_target HTHEE LLvM UREGIFHERD) TR0 A i H AR ARG AIA% K,



e pointer_width JESIEHVHEE (ED o B4 aarches ZHGHITEESE 264,

e data_layout : f&53E 7 ATEHAVEARLIMATN FTAHRY, 206 g iReasdn i AL BB S A R P A7 5 R 2
KEH,

o arch: EFRAU, IEGwIFARRENS KRR P oI RIEE R IE <

o max_atomic_width : fEE HARF-& LSRR F1R(E S,

o env: {HEHIRFERIIAE, il TR T AR,

e linker : fEEMT BIn-FARREES.

RIEARTIHP, FFERF aarche4-unknown-rtsmart Z4mE HFRAT M A9 IRACE S B0 FIRUStY %
ARBTEARD Y, B Y AR B AR R A R ftargetd, EHTYwIFrustdmites, BIRTWIZEEIHgm i
Hrustémisas il SFFZgm 1 B R,

FEAE N PR g1 N B w13 H RN aarch64-unknown-rtsmart , BIAIZRIEHIEIZTEE FIgf TR
X

[build]
target = "aarch64-unknown-rtsmart"

[target.aarch64-unknown-rtsmart]
linker = "aarch64-1linux-musleabi-gcc"

2.3 RusthnifEfE

RustiIFRIEZETR RSO T Rustdmi s IR S library/std &, B3 TIFZ RGIRE, DUER £ 7742
HEZa P AT L

Rustifi & (I B2 e G IRERFANIN RS RmEIE S, MHESHE, TRAGCHLH, RIETA
N R EEE; Rl REWEIE S S SCRIER, HEMENBORENGFEL 2, HELE, 7%
e relt, HRESMRESIFREERIES N — N REHMEY, MEFERSTE S R KBRS
Mo RUSTHYZEHZANL, B5HAMRHGCT RINES N, HMESwE BB ERIERSI LIBITH
MPESER, RTREEE MR, RUSTIRRZES ERIERANZS A PSR, CF 5 ERRIX
AR T iR R B P ASHIAR I, RERGINEAIE RS RERGIEITE. RUSTHIEIIES R
PEOUE TR TCIER CIE S IR E R G N A2 7 X 7 i e R ST N Ry, A DA RESE
MBI, HEIRICAIAETE, RUSTAREZEIAZR 700 = MR B S 00E-- core; alloc JE; AP
std /&,

e core ERRustiBEDE, EHTRIERANZKAFE, EAERustiEMZEA, FATrait, 284
1T KL, HMEEEENE, coreEREFRMAIRIERGTC RN IBIEE, FENBERIFRN
BintrinsicsER%, HENFRIERE, BEERE, MIRMERE, R ERPIEREEE, XERE0E
5 CPUREFZRM BB HHOE, H— MR Zl g kR iR (R ERE,  intrinsicPRERSEPR E 2% CPUTE
RHIRFRUZ. BEARIREA, FEREESA, PR, f/RBAY FRRAL oAl NAE
TSI E A Trait, 2R HiTrait, JRAEZETraitd, FRPEBIEREN unicode, ascii BIAIESm
THRACHE, BRI R/ N B AC B, AR, INRIZE, 88U, ERIRAEZEENE,

e alloc FEFELUFEMTIRMENGT HIFH A REFEE A, RERBNMATITH, KK,
Trait AR, [VEVTE core FERHLZ |, std 24 alloc BIHUEMNAMERNEZE, alloc
FEIEH T RIERGN S PSR T, B EARNFEHIE; Allocator Trait;Allocator
SLIHEER Global , FEAHETREFEEN: Box, Rc, BIASEEHNIERY: Rawvec, Vec , FFEHAAY:
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&str, String , FHARRIEIEEEA: Arc |, FEEFNTIAZEAL: cell, RefCell MALEHEH MR
— A AE AR R PN B

o std FERERERGSHE NBTHHIEH THPSIEFRE, core/ESMRIANAEALEstdE AN
LRSS, HARAE F 22 RRER ARG A ERENIE S rustRMER S5 Trait, B4E: 1.0,
ERFEIE 2. 48 3. X RIFIE 4 MR B NS 5. HR 5P E, 358 6. €88 7.5 A\ H %k
ELitt, 8.RGiHM:, X epoll, kevent FFHIELE, ALK stdFEE MEA T F A SR 2K B %A
RO,

RIEAERRAIRIE T, ZET core B, alloc &, libc G AnEERR—LIIRERE, BRSINEIT
RS Rustdn Fas HROTRARS, el DIE OB RAE, HEGER IR ZAIThRERT AT,

2.4 55 R85

ET LRRERT, RTPUS RIS /00 H B9 AU

Fi FPRustiR{X 5

rt-smart-std
Rust-libc

POSIX API | RT-Thread API

musl-libc rt-thread sdk

RT-Thread N#%

Rust-libcEEFRT-Threadf2 L HPOSIX APIFIRT-Thread API%i’E, RustbrifE/EIL T Rust-libcdws,
MRustiffEFHEETIREFERS ., &%, AN HERFERT-Thread R5: LigfT

F P45 BIRustIRRE g R R4 R AR
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rt-smart-std A PRustjE{L Y Rust-libc

13Z
PiE ¥
musl-libc Object files rt-thread sdk
aE | |
Application

RT-Thread H#%

aarch64

Hrh i 5 HHE M I HRustR IF AR sl AT ZMARS BinFaam N ECE, #f5 E77r
Rusti RS RENS 1218 AR S IE Y — i SR

=. RIS
3.1 %Z%igemu-system-aarch64

BANEEN HFREG N aarches , RILFRATE SCFHFEZLE gemu-system-aarche4 , H T 3Ffrt-smartN
%

sudo apt install gemu-system-aarch64

3.2 Z¥musl gcc T B bk

RIGFEL S mus1 gee TEFE, FEHMEA: https://download.rt-thread.org/download/rt-smart/to
olchains/aarch64-linux-musleabi for x86 64-pc-linux-gnu_latest.tar.bz2

RGP B R

# aarch64 musl gcc

export RTT_CC=gcc

export RTT_EXEC_PATH=/yourpath/aarch64-1linux-musleabi_ for_x86_64-pc-linux-gnu/bin
export RTT_CC_PREFIX=aarch64-1linux-musleabi-

export PATH=$PATH:$RTT_EXEC_PATH

i< source ~/.bashrc RIFTINEZ BN E

H
Z I @4 aarch64- linux-musleabi-gcc -v K2 musl gecc LEIMNFZ & 2R EHIXE
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3.3 Z3ixmakefliscons T.H

sudo add-apt-repository ppa:xmake-io/xmake
sudo apt update

sudo apt install xmake

sudo apt-get install scons

3.4 ‘Z¥¥Encurses)F

ncurses (new curses) g — /A TOIEET SCAH P SUHHNRmERE, SRt T —4HrE, 7 EL R
WG O, N, SRS [FEITRERES RS B 2SR P R E N R, mAEEEEGHE
JRERLIREHIH, XEBNIFEL Encurses/E, HT4i%rt-smart A% FH B AL S T B

sudo apt-get install libncurses5-dev

3.5 W% B

e rt-smart RS REEIAH: https:/github.com/RT-Thread/rt-thread.git

HEAF| gemu-virt64-aarche4 HE N

cd ./rt-thread/bsp/gemu-virt64-aarch64/ #fJ7F rt-thread WHHZHM bsp/gemu-
virt64-aarch64 H3g
scons --menuconfig

EEESmartNi%
RIGTEIZH R ST scons a2 T AR TN

3.6 JRBUH P &R R SDK

¥ Smartffuserapps & FE i FokK:

git clone https://github.com/RT-Thread/userapps.git
Btz Tenv.sh Bil— R IR &

source env.sh
HEA apps HF#HATHRIE

cd apps
xmake f -a aarch64 # FlE N aarch64F&
xmake -j8

11T xmake smart-rootfs il{E rootfs , J&{T xmake smart-image Hil{EE1%

xmake smart-rootfs
xmake smart-image -f fat -o ../prebuilt/gemu-virt64-aarché4-fat/fat.img #filfE fat
g
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IXMfatimgBGRTTE REAUN LA B S R St
& gemu.sh (& 2 BT A] 52 a2
Bt A\ F|userapp/sdk/rt-thread/lib/aarch64/cortex-aH 5%

FHE EHE RN EESCEE, 2P ERASEE librtthread.a MZIAE librtthread.so, XFHANESHH
T2 EtmiEN AR TR, BN N SR ZE R R

1L N N B 58 M

T libe HYTRACHY
git clone https://github.com/rust-lang/libc.git

1E src HE RN rtsmart H3%
Fe XM KB 5 A& rtsmart/mod.rs

1f cargo. toml Y34 THtargetsH sl aarch64-unknown-rtsmart EAR:

targets = [
"aarch64-apple-darwin",
"aarch64-apple-ios",
"aarch64-linux-android",
"aarch64-pc-windows-msvc",
"aarch64-unknown-freebsd",
"aarch64-unknown-fuchsia",
"aarch64-unknown-hermit",
"aarch64-unknown- linux-gnu",
"aarch64-unknown-linux-musl",
"aarch64-unknown-nethsd",
"aarch64-unknown-openbsd",
"aarch64-unknown-rtsmart",

BITETRE, 7 MR R B N 7R Za i R S
TEATE, Bl 1rt-smartfl libc SUHEE 70 NERSE:

#[link(name = "util", kind = "static",
cfg(target_feature = "crt-static"))]
#[1link(name = "rt", kind = "static",
cfg(target_feature = "crt-static"))]
#[link(name = "pthread", kind = "static",
cfg(target_feature = "crt-static"))]
#[link(name = "m", kind = "static",

cfg(target_feature = "crt-static"))]
#[link(name = "d1", kind = "static",
cfg(target_feature = "crt-static"))]

#[link(name = "c", kind = "static",
cfg(target_feature = "crt-static"))]
#[link(name = "rtthread", kind = "static",

cfg(target_feature = "crt-static"))]
#[link(name = "gcc_eh", kind = "static",
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cfg(target_feature = "crt-static"))]

#[link(name = "gcc", kind = "static",

cfg(target_feature = "crt-static"))]

#[link(name = "util", cfg(not(target_feature = "crt-static")))]
#[link(name = "rt", cfg(not(target_feature = "crt-static")))]

#[ link(name = "pthread", cfg(not(target_feature = "crt-static")))]
#[link(name = "m", cfg(not(target_feature = "crt-static")))]
#[link(name = "d1", cfg(not(target_feature = "crt-static")))]

#[ link(name = "c", cfg(not(target_feature = "crt-static")))]
#[link(name = "rtthread", cfg(not(target_feature = "crt-static")))]

ZJatEbuild.rsFRAHIX L A HERE I H RTAT -

println!("cargo:rustc-1link-search=/opt/aarché4-smart-musleabi/aarch64-1linux-
musleabi/lib");
println!("cargo:rustc-link-lib=static=util");
println!("cargo:rustc-link-lib=static=rt");
println!("cargo:rustc-1link-lib=static=pthread");
println!("cargo:rustc-link-lib=static=m");
println!("cargo:rustc-1link-lib=static=dl");
println!("cargo:rustc-1link-lib=static=c");
println!("cargo:rustc-link-lib=static=rtthread");
println!("cargo:rustc-1link-lib=static=gcc_eh");
println!("cargo:rustc-link-1lib=static=gcc");

// Avoid unnecessary re-building.
println!("cargo:rerun-if-changed=build.rs");

1X B A 2 P B AT AR FH ST & SDKEERY librtthread. a iIX—#fASE T

T, GRS H AR

##| rust/compiler/rustc_target/src/spec

fEtargets SR TSI aarch64_unknown_rtsmart.rs

fEbase XXHFHUNIN rtsmart_base.rs Xff

XL T i HARF- 6 Y — 22 Rp M, T A 18 LA ol A L
pub fn target() -> Target {

let mut base = base::rtsmart_base::opts();
base.max_atomic_width = Some(128);

base.env = "gnu".into();
base.linker = Some("aarch64-1linux-musleabi-gcc".into());
Target {

1lvm_target: "aarch64-unknown-linux-gnu".into(),
metadata: crate::spec::TargetMetadata {
description: None,
tier: None,
host_tools: None,
std: None,

+
pointer_width: 64,
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data_layout: "e-m:e-i8:8:32-116:16:32-164:64-1128:128-n32:64-
S128".into(),
arch: "aarch64".into(),

options: TargetOptions {
mcount: "\u{1}_mcount".into(),
. .base

iy

XA AT Ta0 R E X
e max_atomic_width BN Some(128), XTI ASFHINIRE THRAIEREE N 128 (i,
o env KEN "gnu", FRHEIRIAERE GNU,

e linker & B} Some("aarch64-linux-musleabi-gcc".into()), fETHEREZS N aarch64-

linux-musleabi-gcc,

e 1llvm_target IXE N aarch64-unknown-linux-gnu, fE/RIAIFEAFMNEFFTARM 64-bit ZRA5 TR
AR, X2

e pointer_width & N64FHH BRI HEEFEREEN 64 fif
data_layout % EH "e-m:e-i8:8:32-116:16:32-164:64-1128:128-n32:64-5128" & XU
o e: /N7 (little-endian) , FRKFE AL MMM,
o mie: FHRHIHHASEIIERIANTT,
o 1i8:8:32: 8 MIEEEAITE AN 8 L, TR/ 32 fiL,
© i16:16:32: 16 AEEEONTT N 16 iz, FFiEAR/INN 32 fiL,
0 164:64 : 64 (IEEENTE N 64 1L,
o i128:128: 128 IEEEONTT Y 128 fiL,
© n32:64: HARXNTTN 32 A8k 64 fiL,
o s128: HEFRAITTN 128 fiL,
e arch ZRfJIZE aarche4, KR ARM 64-bit 224, XZIA ARM AEFEERH FIH 64 (5 < HE4E
¥,
BRItz 4, fEoptionHif U NECE :

os: "rtsmart".into(),
dynamic_linking: true,
executables: true,
families: cvs!["unix"],
has_rpath: true,
pre_link_args: args,

// linker_flavor: LinkerFlavor::Ld,
// link_script: Some(LINKER_SCRIPT.to_string()),

crt_static_default: true,

panic_strategy: PanicStrategy: :Abort,
disable_redzone: true,



emit_debug_gdb_scripts: false,
//eh_frame_header: false,

position_independent_executables: true,
relro_level: RelroLevel::Full,

// has_elf_tls: false,
crt_static_respected: true,
..Default::default()

xR roptionH T7E X A FHCE :
e os: "rtsmart".into() : HIMRIERFALIEN “rtsmart”
e dynamic_linking: true: FRHEFRFEEXFFSHEEE (W .so XMH) .

e executables: true: FRHERFE AR AT HITF,

e families: cvs!["unix"]: &€& HFRFEFEIRIERFRBENUNIX KK, XA] UG iFas
LR GRE AR,

- RAIRLE SRS, 16 spec/mod. rs HIKES 17054 TR EE X
("aarch64-unknown-rtsmart", aarch64_unknown_rtsmart)

SXRERRAIEE T —ANHTHIG I H AR

AN LS

6.1 marco_main

T AER A RusthREERISRF 1, WMatEno_stdi\ R, BILIAEAmainE iy, TEtn T, &
SRR 7 2O P 4 S RIS TER, 8 A C ABIE ARSI mainf%,  mim] PAE# (£
main R EA RPN R

M, AL T — DU marco_main B @M%

Cargo.toml
[package]
name = "marco_main"
version = "0.1.0"

edition = "2021"

[lib]
proc_macro = true

[dependencies]
quote = "1.0"
proc-macro2 = "1.0"
darling = "0.13.0"

[dependencies.syn]
version = "1.0"
features = ["extra-traits", "full"]


af://n196
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— AN RIS FEZ I H i Cargo.tomIsZ i, TElib B ARIEproc_macro = true

AR 2lquote, proc-macro2, synZfE, darling/@EFl T H e 12 L8 AR R 25 iR
%2k,

proc-macro2
proc-macro2 Xt proc_macro AYELEE, MRUEH R, BRTHMREEMN:
o KRG REMIIEET 2 EAM_E RS2, 40 build.rs #1 main.rs
o IERERIETEITIA
T proc_macro HEETE proc-macro FMAFEHE, FrPATCIEERZMEH proc_macro J#,

HZICME, proc-macro2 #{fi proc_macro HYJ api, X/E&EMITEEE, LEENIIEEEIE proc-macro
R FE At RE( FH

Flitk, #FET proc-macro2 RIFEIIREZRMEME, M EHET proc_macro M, [RIWIXE{#HIX
SEFET] DA T BT, IXHR DA R AN ESE AFIRIE] proc-macro2: :TokenStream MR AL,

YFHHE proc_macro: :TokenStream Hf, HFEX proc-macro2::TokenStream #47T .into() #RfEEN

AJH1S proc_macro FURRAS, [ ZIRR,

fiH proc-macro2 WU ZEEE ZGIZIEXFA, LLUI{HEAH use proc-macro2::TokenStream

as TokenStream2 XS A proc-macro2::TokenStream,
quote
quote FEAFT—PHBHZ: quote!
ANV IR GIEFRIC T, A 7T R R SERRrI RS S oy Rust 1%,
[N IZ I SR FIRREPRIC B A2 9 5 A TR T2
1./ #local WEEBHTHEE, HH local $EHVZYHIEMAEHEI— local,

2. #(#local)* RKXISLHLT ToTokens HIRRUIANEAFHATHME, H TIERIRLITHIHEN
&, FNENRFERE 2 BRI MU AR L,

let name = /* HAMRIARF */;
let exprs = /* HANFRIEAFRCIRIERS */;
let expanded = quote! {
impl SomeTrait for #name { // #name Fifi A _FIRMYFHEEAFK
fn some_function(&self) -> usize {
#( #exprs )+* // JEIERAERNFRIER
}

¥i

TEMERE RN, quote! B2—MEHAERMNIE, B T EEZE MEAPRICR AR,
syn
syn &M@, H TR Rust ARICHtiEsT 7y Rust TR HIIETER,

ERNIIREIEREARE, MEMTEIEEMAZRRIERAS, M proc_macro KRS AAIHEMZA
AT INEE, HATTARIC,



H XN ERTRE R — D BRI OIN, EREMH feature #EHISRITIFH ARG T 20K HIhREST 845
RATRE/ N

Mz, ERERBT2IE? RZARM,

B, HFH full feature I, BEEAXNFTEFRE Rust BT mUBVE SR RENS 72 2T Rust 18
%o
1EfGH derive feature (ERIAFFE) ZJ5, BRI — pDeriveInput Z8BY ZRAUEIEE T (R4

derive ZEIAFTA{E .

)5 parsing 1 proc-macro feature (ERIAJFJH) ZJ5, DerivelInput FAJDAEIES
parse_macro_input! FECEMEH, DALEFRICTRMAT NPT FR ISR,

N5 Rust IBIEREMERIRIIAIE, B3 BLORA AT B & AHE Rust 185, ABARXNERRE T —1
B PIENT API][parse], FEZPA parse trait (ER (OXFEE parsing feature, TRINGH) o

BRUILZ AN, IZEEATFIIRIURER TALCEEEM span, IXIERZA HIFRIEIRIEE, FEMTERNZ
LN

HTFXXE—NEIEENE, BRI T proc-macro2 HIZRAL R ATREFR SR proc_macro FIXS
IVl

marco_main_useZ:{Cili® i
B EE Rk B #[proc_macro_attribute] i ThRIE
A B2 NS5

pub fn marco_main_use(args: TokenStream, input: TokenStream) -> TokenStream

o FNSEREEAEEIHEDRITHARCH, NS ERBRIRER. MRAFREEAIR (K
JEAERRCH, b #lattr]) , MR PDSEEUENZ,

o HIUASREIMN TIZIBERBIENRE, EAEMZIRENE XHEE, FRNXE—D
active J&1E, TEMRIBHTRE AT, BRI HHRE K,

B R o2 fparse_macro_input! Z @i Rust A S FRICIR IR BN R RS IETEMS,  DAR AT Hid 2
7% i ftappnamefiidesc & 1%

let f = parse_macro_input!(input as syn::ItemFn);
let raw_arg = parse_macro_input!(args as syn::AttributeArgs);
let parg = Args::from_list(&raw_arg).map_err(|e| e.write_errors());
let arg = match parg {

Ok(x) => x,

Err(e) => {

return e.into();

}

3

SN E IR TR R TE TR M M arg s HIMT 4 AT L2 AT S BRI 55T

if arg.appname.is_none() {
return parse::Error::new(
Span::call_site(),
"“#[marco_main_use]  macro must have attribute “appname’",


https://doc.rust-lang.org/reference/attributes.html#active-and-inert-attributes

.to_compile_error()
.into();

// check the function signature

let valid_signature = f.sig.constness.is_none()
&& f.sig.unsafety.is_none()
&& f.sig.asyncness.is_none()
&& f.vis == Visibility::Inherited

&& f.sig.abi.is_none()

&& f.sig.generics.params.is_empty()

&& f.sig.generics.where_clause.is_none()
&& f.sig.variadic.is_none()

&& match f.sig.output {
ReturnType: :Default => true,
_ => false,
+
if !valid_signature {
return parse::Error::new(
f.span(),
"“#[entry]® function must have signature “fn(arg: vec::IntoIter<&
[us]>)"",
)
.to_compile_error()
.into();

5B

rFaEFtZE, $al OB quotel V2SN HIFRICH, &M ATRYIT, KM A% S B mainbE £ it
LA C ABI A HIZTE NALRIRYT main BREL, (ENERFRIAN R, 8 IR 77 BRI 5 IR A

let content = f.block.into_token_stream();
let core = quote!(
#[no_mangle]
pub extern "C" fn main(_argc: isize, _argv: *const *const u8) -> usize {
#content
0

)5

guote! (
#core
).into()

XA I main BRI B AS BT R #7582 aarch64-rtsmart -muslabi-gec g PUT X, BEARIER
rustfEno_stdfxX FAREE X mainREIHLE, XikgmiEas T A DA &,

Gn's —MNARER, WSHE RTINS



#![no_std]
#![no_main]

use marco_main::marco_main_use;
use rtsmart_std::println;

#[marco_main_use(appname = "rust_hello", desc = "Rust example2 app.")]
fn main() {
println!("hello world");

BHEBA TR DS — RN E BRI ERIRES 2 280, HtFA1 N licargo-expand T.H
cargo install cargo-expand

RIFIEI AN N i S ER R I fE I RustA RS
cargo expand -zbuild-std=core,alloc

BATEaATE NI N E:

#![feature(prelude_import)]
#![no_std]

#![no_main]

#[prelude_import]

use core::prelude::rust_2021::%*;
#[macro_use]

extern crate core;

extern crate compiler_builtins as _;
use marco_main::marco_main_use;

use rtsmart_std::println;
#[no_mangle]

pub extern "C" fn main(_argc: isize, _argv: *const *const u8) -> usize {

{
{
rirtsmart_std::out::_print(format_args!("hello world\n"));
}
}
0

XEAAEIEREFN BT EEER, SEATZa059 5 Hlibci MR AAREARDL, AR EIEE R H
F 5 I main 8L DL C ABL A ZUE MBI main BEL, (ENRFRIALR, RETHRIFIST
e

6.2 stdout/i

bRt e T BT B A api 2 libe Y printf L

fEi8) core FEEATHY fmt @ :write IX—trait, AIDURAAEE rusthEURBIIEACHI . debughtdz U 5
heE, printf BRI AIREH 88— 545,

struct Stdout;
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impl fmt::Write for Stdout {
fn write_str(&mut self, s: &str) -> fmt::Result {
fn rtt_kputs(s: *const u8) {
unsafe { printf(s as _); }
}
puts(s, rtt_kputs);
ok(())

fn up_cast(a: usize, b: usize) -> usize {
let r = a / b;
return if a % b =0 {r } else { r + 1 };

pub(crate) fn puts(str: &str, kp: fn(s: *const u8)) {
let str = str.as_bytes();
let mut buf = [0 as u8; 129];
for i in 0O..up_cast(str.len(), 128) {
let end = min(128, str.len() - i * 128);
for j in 0..end {
buf[j] = str[(j + 1 * 128) as usize];
}
buf[end] = 0;
kp(buf.as_ptr())

LB, FIRE ARZ128DFT, REHEIAE A, HIEAZEERNR,

pub fn _print(args: fmt::Arguments) {
unsafe {
StdOout.write_fmt(args).unwrap_unchecked();

IXHEEI T core FEHHIRIA AL REI THi
ZIEgmE R NIRRT A8 VA R i R T AT

#[macro_export]
macro_rules! print {
($($arg:tt)*) => ({
$crate::out::_print(format_args!($($arg)*));
1)

#[macro_export]
#[allow_internal_unstable(print_internals, format_args_nl)]
macro_rules! println {
($($arg:tt)*) => ({
$crate::out::_print(format_args_nl!($($arg)*));
1)



IXHAFE RS IS T RusthiifE PR AR AN/ M EI 615
BRitb INESRS T debugZEfillogZs, ] LAE ol ik sUEc i h debugBiATlog s\

#[macro_export]
macro_rules! log {
($($arg:tt)*) => ({
$crate::println! ("[$LOG][{}: {31 {3",
$crate::out::file!(), $crate::out::line!(), format_args!($(Sarg)*));
1)
}

#[cfg(debug_assertions)]
#[macro_export]
macro_rules! dbg {
() =>{
$crate::printin! ("[{3}:{3]", $crate::out::file!(), $crate::out::line!());
}
($val:expr $(,)?) => {
match $val {
tmp => {
$crate::printtn! ("[{}:{3]1 {3 = {:#?}",
$crate::out::file! (), $crate::out::line!(),
$crate::out::stringify! ($val), &tmp);
}
}
+i
($($val:expr),+ $(,)?) => {
($($crate::dbg!($val)),+,)
+

6.3 stdin/%

PRSI T BEFRZAE A api /2 libc Y getchar BE(, AWIREUFR, B3 EoF SiEIBEIHATHY
Mk (HATHUZ DARIBRINRES T8, ARUIRETT NS BRG] REIFTE 2 AT, [ getchar X
— TR Bt s, AR EY R EEIEIE, BANIXHOXTTHIEE) o

struct Stdin;

impl Read for Stdin {
fn read(&mut self, buf: &mut [u8]) -> Result<usize, RTTError> {
let mut 1 = 0;
unsafe {
while i < buf.len() {
let ¢ = libc::getchar();
if ¢ == 0 || ¢ == '"\n' as 132 {
break;
}
buf[i] = ¢ as u8;
i+=1;
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ok(1i)

A —PMnputStream&ity, M T BATTITA, FHRFCRUES I FIAT A B sk Rusth I String IR
[l

impl InputStream {
pub fn new() -> InputStream {
InputStream {
stdin: Stdin

pub fn read_line(&mut self) -> Result<String, RTTError> {
let mut buf = [0u8; 1024];
let mut s = String::new();

loop {
let n = self.stdin.read(&mut buf)?;
if n==0 {
break;
}

s.push_str(&String: :from_utf8_lossy(&buf[..n]));
if n < buf.len() {

break;
} else {
buf = [0u8; 1024];
}
}
0Ok(s)

XEHAZ T core FEHString AL FE R ELString::from_utf8_lossy, FT¥F TV (byte slice) %%
# string

X AR — M REIN 024 BN R IX BB AT, R B FRF/D 71024, W
HEE T HATRF, WIARSEIEREE R, SNAksESbuf, BRI, R A PHEE RS
SERJEH, REIREIZER,

6.4 threadf%

PR N\ JE T BB api 2 libc FFRT-ThreadfJSDKH T LA IRIERI RS, THS% [RT-
Thread4mf2FMHIRT-Thread APIZE Fft, PAKRT-ThreadVFEASHISL X rtthread.h

/*
* thread interface
*/
rt_err_t rt_thread_init(struct rt_thread *thread,
const char *name,
void (*entry)(void *parameter),
void *parameter,
void *stack_start,
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rt_uint32_t stack_size,
rt_uint8_t priority,
rt_uint32_t tick);
rt_err_t rt_thread_detach(rt_thread_t thread);
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);
rt_thread_t rt_thread_self(void);
rt_thread_t rt_thread_find(char *name);
rt_err_t rt_thread_startup(rt_thread_t thread);
rt_err_t rt_thread_delete(rt_thread_t thread);

rt_err_t rt_thread_yield(void);

rt_err_t rt_thread_delay(rt_tick_t tick);

rt_err_t rt_thread_delay until(rt_tick_t *tick, rt_tick_t inc_tick);
rt_err_t rt_thread_mdelay(rt_int32_t ms);

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

rt_err_t rt_thread_suspend_with_flag(rt_thread_t thread, int suspend_flag);
rt_err_t rt_thread_resume(rt_thread_t thread);

PAPEHFIAFlberh, 25 NRust KU Y H B 2K

// rtthread sdk

pub type rt_base_t = c_long;
pub type rt_err_t = rt_base_t;
pub type rt_uint32_t = ::c_uint;
pub type rt_int32_t = ::c_int;
pub type rt_uint8_t = ::c_uchar;

pub type rt_thread_t = *mut c_void;
pub type rt_tick t = rt_uint32_t;
pub type rt_ubase_t = c_ulong;
pub type rt_size t = rt_ubase_t;
pub fn rt_thread_create(
name: *const ::c_char,
entry: extern "C" fn(*mut ::c_void),
paramter: *mut ::c_void,
stack_size: rt_uint32_t,
priority: rt_uint8_t,
tick: rt_uint32_t
) -> rt_thread_t;

pub fn rt_thread_self() -> rt_thread_t;

pub fn rt_thread_startup(thread: rt_thread_t) -> rt_err_t;

pub fn rt_thread_delete(thread: rt_thread_t) -> rt_err_t;

pub fn rt_thread_yield() -> rt_err_t;



pub fn rt_thread_delay(tick: rt_tick_t) -> rt_err_t;

pub fn rt_thread_mdelay(ms :rt_uint32_t) -> rt_err_t;
EGRIEIIINEE, HEHERZ librtthread. a iIX—&ASE, RIATT;RIENX LK%

#[link(name = "rtthread", kind = "static",
cfg(target_feature = "crt-static"))]

ThreadBuilder

T thread: : Thread: :new() HIIHZ, JR[El—/ ThreadBuilder , IEZWIEE & E—%EthreadIZ
8, MR TAR:

let run = || loop {
time::sleep(Duration::new(1, 0));
let mut sum = 0;
for i in 0..10 {
sum += 1i;
}
println!("sum: {}", sum);

37

let t = Thread: :new()
.name("thread 1")
.stack_size(4096)
.priority(0)
.start(run.clone())
.unwrap();

A, XA RThreadBuilder:

pub struct ThreadBuilder {
th_name: String,
th_stack_size: u32,
th_priority: u8,
th_ticks: u32,

impl ThreadBuilder {
pub fn name(&mut self, name: &str) -> &mut Self {
self.th_name = name.into();
self

pub fn stack_size(&mut self, stack_size: u32) -> &mut Self {
self.th_stack_size = stack_size;
self

pub fn priority(&mut self, priority: u8) -> &mut Self {
self.th_priority = priority;
self



pub fn ticks(&mut self, ticks: u32) -> &mut Self {
self.th_ticks = ticks;
self

pub fn start<F>(&self, func: F) -> RTResult<Thread>
where
F: FnOnce() -> (),
F: Send + 'static,

{

Thread: : spawn(
self.th_name.clone(),
self.th_stack_size,
self.th_priority,
self.th_ticks,
func,

)

}
}
Thread

— N Thread S RZAF N —" rt_thread_t , BI—PEEEHITCB, HTEMMRR— PN, BTNRE
A, rt_thread_t WEI TEZY, BATEREE K EREE X E rusttlibcd, HZEM *mut c_void
R

Threadf EE G IHET T :

unsafe fn spawn_inner(

name: String,

stack_size: u32,

priority: u8,

ticks: u32,

func: Box<dyn FnOnce() -> () + Send + 'static>,
) -> RTResult<Thread> {

let func = Box::new(func);

let param = &*func as *const _ as *mut _;

extern "C" fn thread_func(param: *mut c_void) {
unsafe {
let run = Box::from_raw(param as *mut Box<dyn FnOnce()>);
run();

let th_handle = thread_create(
name.as_ref(),
thread_func,
param,
stack_size,
priority,
ticks,

.0k_or (RTTError::0ut0OfMemory)?;



let ret = match Self::_startup(th_handle) {
Ok(_) => {
mem: : forget(func);
Ok(Thread(th_handle))
}

Err(e) => Err(e),

Y

return ret;

BONREEH — P R A RN R, RS ECERIRE I B, rt_thread_create fEZATSEEE

E

N

extern "C" fn(parameter: *mut c_void);

ABATE LT —NIXFERIEEL, FHRAEUSHERT OB LN, FHENERRTT, CRAEKAE
e

OIEEREREES, thlEstartup/yik

5 UnixERSE RAGLAREFIA —ER922], BlUnidieH FIERFEQIAEIS AT ELHIA(T, Tiirt-thread Kk
R rt_thread_startup fH{SLARIBTT

PRIELZSb, IEFRAEAN T I7i%:

pub fn delete(&self) -> RTResult<()> {
let ret = thread_delete(self.0);
if ret == 0 {
ok(())
} else {
Err(ThreadStartupErr)
}
}

pub fn delay(ms: i32) -> RTResult<()> {
let ret = thread_m_delay(ms);
if ret == 0 {

Ok(())
} else {

Err(ThreadStartupErr)
}

HTE ERIERE

6.5 mutex/#

PRI N L EFEHE AN api 2 libc FRT-ThreadJSDKH T H 5 BAHSHRIEN AL, FESET
RT-Thread4if2FMHIRT-Thread APIZEFt, PAKRT-ThreadJEAHEH AL rtthread. h

/*
* mutex interface
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*/

rt_err_t rt_mutex_init(rt_mutex_t mutex, const char *name, rt_uint8_t flag);
rt_err_t rt_mutex_detach(rt_mutex_t mutex);

rt_mutex_t rt_mutex_create(const char *name, rt_uint8_t flag);

rt_err_t rt_mutex_delete(rt_mutex_t mutex);

void rt_mutex_drop_thread(rt_mutex_t mutex, rt_thread_t thread);
rt_uint8_t rt_mutex_setprioceiling(rt_mutex_t mutex, rt_uint8_t priority);
rt_uint8_t rt_mutex_getprioceiling(rt_mutex_t mutex);

rt_err_t rt_mutex_take(rt_mutex_t mutex, rt_int32_t time);

rt_err_t rt_mutex_take_interruptible(rt_mutex_t mutex, rt_int32_t time);
rt_err_t rt_mutex_take_killable(rt_mutex_t mutex, rt_int32_t time);
rt_err_t rt_mutex_release(rt_mutex_t mutex);

rt_err_t rt_mutex_control(rt_mutex_t mutex, int cmd, void *arg);

PAPEHGIASlberh, 25 NRust XU Y H B £

si{
pub struct rt_mutex {
pub mtype: c_int,
pub data: *mut c_void,

}
pub type rt_mutex_t = *mut rt_mutex;
pub fn rt_mutex_create(
name: *const ::c_char,
flag: ::rt_uint8_t
) -> ::rt_mutex_t;

pub fn rt_mutex_init(
mutex: *mut rt_mutex,
name: *mut ::c_char,
flag: ::rt_uint8_t,

) -> rt_err_t;

pub fn rt_mutex_delete(mutex: ::rt_mutex_t) -> rt_err_t;
pub fn rt_mutex_take(mutex: ::rt_mutex_t, time: ::rt_int32_t) -> rt_err_t;
pub fn rt_mutex_release(mutex: ::rt_mutex_t) -> rt_err_t;

Mutex

Mutex X RFEFHE—1 rt_mutex_t fENEFE, RINIERFAIZEF BRI = Rdata

pub struct Mutex<T: Sized> {
mutex: rt_mutex_t,
data: UnsafeCell<T>,
}
impl<T> Mutex<T> {
pub fn new(t: T) -> Result<Self, RTTError> {
Ok(Mutex {
mutex: mutex_create("Unnamed").unwrap(),
data: UnsafeCell::new(t),
1)



pub fn new_with_name(t: T, name: &str) -> Result<Self, RTTError> {
Ok (Mutex {
mutex: mutex_create(name).unwrap(),
data: UnsafeCell::new(t),

})

pub fn try_ lock(&self) -> Result<MutexGuard<T>, RTTError> {
let ret = unsafe { mutex_take(self.mutex, 0) };
if ret 1= 0 {
return Err(RTTError: :MutexTakeTimeout);

}

Ok (MutexGuard {
mutex: &self.mutex,
data: &self.data,

})

pub fn lock(&self) -> Result<MutexGuard<T>, RTTError> {
let ret = unsafe { mutex_take(self.mutex, -1) };
if ret 1= 0 {
return Err(RTTError::MutexTakeTimeout);

}

Ok (MutexGuard {
mutex: &self.mutex,
data: &self.data,

})

FERER BT 2 Mutexad S EL send Hil sync IX P Ptrait, A RECRIESSEEZ LA T2 24 i :

unsafe impl<T: Send> Send for Mutex<T> {}

unsafe impl<T: Send> Sync for Mutex<T> {}
MutexGuard
XM B B RETEE, fEMutex MR EBiZ )G, IR[ElI—1MutexGuard & Resatt, TR
PEFE TR R

pub struct MutexGuard<'a, T: Sized> {
mutex: &'a rt_mutex_t,
data: &'a UnsafeCell<T>,

T ATERHLHIIRRS], HAER 5 [ fEZ%MutexGuard, RIFTREIN LA E R,

FEII peref Fl DerefMut XM PtraitibFEEBEWS IR AF S | FIR 77 U5 RIANCE R, RIS 7R 2
Drop X —trait BRI F & WRSICRX MG 7 18 R IEH

impl <'a, T> Deref for MutexGuard<'a, T> {
type Target = T;

fn deref(&self) -> &Self::Target {



unsafe { &*self.data.get() }

impl <'a, T> Drop for MutexGuard<'a, T> {
fn drop(&mut self) {
let mutex = self.mutex as *const _ as *mut _;
mutex_release(mutex);

impl <'a, T> DerefMut for MutexGuard<'a, T> {
fn deref_mut(&mut self) -> &mut Self::Target {
unsafe { &mut *self.data.get() }

6.6 fsJ
b 2 T SR Y api 52 libe A CER B A SR SCR B R L

int open(const char *, int, ...);

int close(int);

ssize_t read(int, void *, size_t);
ssize_t write(int, const void *, size t);
off_t lseek(int, off_t, int);

int fsync(int);

int ftruncate(int, off_t);

XL R rt-smart SR — R CIE SRR, ATHITSCIHRIE, ReEFAONRUStXUR A BB 140 R -

pub fn open(path: *const c_char, oflag: ::c_int, ...) -> ::c_int;

pub fn close(fd: ::c_int) -> ::c_int;

pub fn read(fd: ::c_int, buf: *mut ::c_void, count: ::size_t) -> ::ssize_t;
pub fn write(fd: ::c_int, buf: *const ::c_void, count: ::size_t) -> ::ssize_t;

pub fn lseek(fd: ::c_int, offset: off_t, whence: ::c_int) -> off_t;
pub fn fsync(fd: ::c_int) -> ::c_int;
pub fn ftruncate(fd: ::c_int, length: off_t) -> ::c_int;

LTI o G 5 Fs itk I

HAEBATH RS ThreadBui Lder SS{PU BRI FIBC B 77 2R QIS TIT XX, RGN T AR

let mut res_file = fs::0penOptions::new()
.read(true)
.write(true)
.create(true)
.append(false)
.open("test.txt");

ATARECE X PRSI S, 2HEMSEME, EIXM R Z8E0, #EROfHER®
I

K, FA1e0]@#— openoptions KFH X
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OpenOptions

pub struct OpenOptions {
pub path: String,
pub read: bool,
pub write: bool,
pub create: bool,
pub append: bool,
}
impl OpenOptions {
pub fn new() -> OpenOptions {
OpenOptions {
path: String::new(),
read: false,
write: false,
create: false,
append: false,

pub fn read(&mut self, read: bool) -> &mut Self {
self.read = read;
self

pub fn write(&mut self, write: bool) -> &mut Self {
self.write = write;
self

pub fn create(&mut self, create: bool) -> &mut Self {
self.create = create;
self

pub fn append(&mut self, append: bool) -> &mut Self {
self.append = append;
self

pub fn open(&mut self, path: &str) -> RTResult<File> {
self.path = path.to_string();
let fd = unsafe {
crate::fs::open(

self.path.as_ptr(),
self.read,
self.write,
self.create,
self.append,

3
if fd < 0 {
Err(FileOpenErr)
} else {
Ok(File { fd })



1E B % openf N B FRRIC B S B — & A THT I

pub fn open(path: *const u8, read: bool, write: bool, create: bool, append: bool)
-> 132 {
let flags = if read && write {
libc: :0_RDWR
} else if write {
libc: :0_WRONLY
} else {
libc: :0_RDONLY

}
let flags = if create {
flags | libc::0_CREAT
} else {
flags
3

let flags = if append {
flags | libc::0_APPEND

} else {
flags
3
unsafe { libc::open(path as *const c_char, flags) }
}
File

HLinuxdERGHR], rt-smart& NTHI SRR — SRR (file descriptor, FD) SRARIR, X
TR R — DTS, A TR CET RS MR 170 BWR (WEE. MSERT
%) o SUHHREIRTRFSFTHHI SO Z TR AL A B

Klitt, FATT File G5 MR E A0 R

pub struct File {
pub fd: 132,

TR HSCIIDropiX—trait, FEHAERITEREG BRI, KA

impl Drop for File {
fn drop(&mut self) {
unsafe {
libc::close(self.fd);

5 UhRE



pub fn read(&self, buf: &mut [u8]) -> RTResult<usize> {
let n = unsafe { libc::read(self.fd, buf.as_mut_ptr() as *mut c_void,
buf.len()) };

if n <0 {
Err(FileReadErr)
} else {

Ok(n as usize)

pub fn read_to_string(&self) -> RTResult<String> {
let mut buf = [0; 128];
let mut string = String::new();
self.seek(0)?;

loop {
let n = self.read(&mut buf)?;
if n==0 {
break;
}

let substr = unsafe { String::from_utf8_unchecked(buf.to_vec()) };
string.push_str(&substr);
}
Ok(string)
}
pub fn write(&self, buf: &[u8]) -> RTResult<usize> {
let n = unsafe { libc::write(self.fd, buf.as_ptr() as *const c_void,
buf.len()) };

if n <0 {
Err(FileWriteErr)
} else {

Ok(n as usize)

pub fn write_all(&self, buf: &str) -> RTResult<()> {
self.write(buf.as_bytes())?;

0k(())

REU A 3R S stdinfPB AR L, —NEE KEWbufilE RN, BAKPEIString/5H, RGHE
HEE R Stringi [[]

HAth v hE

pub fn seek(&self, offset: i64) -> RTResult<i64> {
let n = unsafe { libc::1lseek(self.fd, offset, SEEK_SET) };

if n <0 {
Err(FileSeekErr)
} else {
ok(n)
}

pub fn flush(&self) -> RTResult<()> {
let n = unsafe { libc::fsync(self.fd) };



if n <0 {
Err(FileFlushErr)
} else {
ok(())
}

pub fn set_len(&self, len: i64) -> RTResult<()> {
let n = unsafe { libc::ftruncate(self.fd, len) };

if n <0 {
Err(FileSetLengthErr)
} else {
ok(())
}

pub fn close(&self) -> RTResult<()> {
let n = unsafe { libc::close(self.fd) };

if n <0 {
Err(FileCloseErr)
} else {
ok(())
b

o seek ¥ R fHEE AN EISIFHAEEN B,
o flush %G REXHFHIATA ZMX BRI R b, HORBERERAL,
e set_len ¥ JABIFHIKE,
* close H%EC: RUIXIFRIART, BEHAHSCER,
XEFHFRIEL A HRER libe FEREORIR(EXIHIARTRE, R4 T XIHEHEE), RPXRET,

AR BRI S RN FEE AT, S REEEA RTResult RALRIRMIZER, AFHRIREHHIR, IF
TRAEIE 4 A EE R AL FEALH,

B, PRHEEENTARE R R IIASER
7.1 Mgt — W]

# See more keys and their definitions at https://doc.rust-
lang.org/cargo/reference/manifest.html

[dependencies]
marco_main = {path = "../marco_main"}
rtsmart-std = { path = "../rtsmart-std" }

L9 5 | F JH 5% 5 M rtsmart-stdfTmarco_mainZE/E R,
[ 7E. cargo X IR TR I — S config.tomIsef:,  1E BRI RN
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[build]
target = "aarch64-unknown-rtsmart"

[target.aarch64-unknown-rtsmart]
linker = "aarch64-1linux-musleabi-gcc"

FEFHAN T dn g N AR P

cargo xbuild -zbuild-std=core,alloc

%% G tEtarget/aarch64-unknown-rtsmart/debug B REFR B4 1R 47 1 B AR

TR AN _E#! [no_std]f1#! [no_main]briE, BRI HahESHRINERE, MmN IFHARIRust
I BN IIFRIEEGR N aarch64-unknown-rtsmart ‘EE I, KA ARSIRE,

R E M marco_main_uselX—dHZ, K95 mainREE 508 DA C ABI V297 N FL Rl
main PREL, TENRERFIIANLR,

FRE Gt 4 B N AR e e I EE U AL SO R S, RN AR IR WL i, DARRafT

7.2 stdout)EMIA
ML
#![no_std]

#![no_main]

use marco_main::marco_main_use;
use rtsmart_std::println;

#[marco_main_use(appname = "rust_hello", desc = "Rust example2 app.")]
fn main(_param: Param) {
println!("hello world");

R

hello v0.1.0 (/home/diandianjun/os-educg/project2210132-226009/examples
/example2/hello)

“dev” profile [unoptimized + debuginfo] target(s) in 13.73s
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+ diandianjun@diandianjun-Lenovo-XiaoXinPro-16ACH-2021:... @ Q

/ 1\ 5.1.0 build Mar 7 2024 10:31:29
2006 - 2024 Copyright by RT-Thread team
file system initialization done!
hello rt-thread
msh />1s
Directory /:
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
2330464
2376680
2196080
2205856
13
1714912
msh />./hello
msh />hello world

7.3 stdin i
H AT
AR AR ¥, 01— MnputStream, AT, F%HHHHTAT

#![no_std]
#![no_main]

extern crate alloc;

use marco_main::marco_main_use;
use rtsmart_std::println;
use rtsmart_std::stdin::InputStream;

#[marco_main_use(appname = "rust_read_test", desc = "Rust example5 app.")]
fn main() {

let mut input = InputStream::new();

let line = input.read_line().unwrap();

printin!("{}", line);

TR AT
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read_test v0.1.0 (/home/diandianjun/os-educg/project2210132-226009/exam
ples/example5/read_test)

“dev’ profile [unoptimized + debuginfo] target(s) in 13.66s

+ diandianjun@diandianjun-Lenovo-XiaoXinPro-16ACH-2021:... Q

2006 - 2024 Copyright by RT-Thread team
file system initialization done!

<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
2330464
2376680
2196080
2205856
13
1714912
msh />./read test

7.4 thread MR
TR R

MR RN EAE, SRRRE RN R —2ER, HTARIRENEEIR T
fELRI TR E R — I, I TRRERIERETR

#![no_std]
#![no_main]

extern crate alloc;

use alloc: :boxed: :Box;

use core::time::Duration;

use marco_main::marco_main_use;
use rtsmart_std::{println, time};
use rtsmart_std::thread::Thread;

#[marco_main_use(appname = "rust_thread_test", desc = "Rust example3 app.")]
fn main() {
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println!("Hello world");
let runl = || loop {
time: :sleep(Duration::new(1, 0));
let mut sum = 0;
for i in 0..10 {
sum += i;
}
println!("thread1: {}", sum);
+i
let run2 = || loop {
time: :sleep(Duration::new(1, 0));
let mut sum = 0;
for i in 0..10 {
sum += i;
}
println!("thread2: {}", sum);
+i

let t1 = Thread: :new()
.name("thread 1")
.stack_size(4096)
.start(runil.clone());

let t2 = Thread: :new()
.name("thread 2")
.stack_size(4096)
.start(run2.clone());

let threadl = til.unwrap();

let thread2 = t2.unwrap();

time: :sleep(Duration::new(5, 0));

threadl.delete().unwrap();

thread2.delete().unwrap();

println!("Threadl and Thread2 are deleted");

GiEaE R

thread_test v0.1.0 (/home/diandianjun/os-educg/project2210132-226009/ex

amples/example3/thread_test)

“dev’ profile [unoptimized + debuginfo] target(s) in 0.22s




+ diandianjun@diandianjun-Lenovo-XiaoXinPro-16ACH-2021:... @ Q

<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
2330464
2376680
2196080
2205856
13
1714912

msh />./thread test

msh />Hello world

thread2: 45

threadl: 45

thread2: 45

thread1: 45

thread2: 45

thread1i: 45

thread2: 45

thread1: 45

Threadl and Thread2 are deleted

7.5 mutex)%E it
TR RS
TR R LR OISR, — ML, PSR R — BN T e, FEs s (e

#![no_std]
#![no_main]

extern crate alloc;

use alloc::sync::Arc;

use core::time::Duration;

use marco_main::marco_main_use;
use rtsmart_std::{println, thread, time};
use rtsmart_std::mutex::Mutex;

#[marco_main_use(appname = "rust_mutex_test", desc = "Rust example4 app.")]
fn main() {
let counter = Arc::new(Mutex::new(0Q).unwrap());
let run = move || loop {
time: :sleep(Duration::new(1, 0));
let mut ¢ = counter.lock().unwrap();
¢ += 1,
println!("c :{}", *c);
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¥

let t1 = thread::Thread: :new()
.name("thread 1")
.stack_size(4096)
.start(run.clone()).unwrap();
let t2 = thread::Thread: :new()
.name("thread 2")
.stack_size(4096)
.start(run.clone()).unwrap();
time::sleep(Duration::new(5, 0));
tl.delete().unwrap();
t2.delete().unwrap();
println!("Threadl and Thread2 are deleted");

TiFEh IR

mutex_test v0.1.0 (/home/diandianjun/os-educg/project2210132-226009/exa

mples/example4/mutex_test)

“dev’ profile [unoptimized + debuginfo] target(s) in 13.71s

N

= .
GhiR:

NI
-\
l

+ diandianjun@diandianjun-Lenovo-XiaoXinPro-16ACH-2021:... Q

Directory /:
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
2330464
2376680
2196080
2205856
13
1714912

msh />./mutex_test

msh />c :1

p
:3
4

:5
Threadl and Thread2 are deleted

nsh /3]




7.6 fsFEMIA
MRRACRS AT

INAR 5 RIS R 5, ] openoptions 17—, RJEMAHEEE A —BF T, FRREHEBH,
RN, ACREEER QSR BT, BT, W ERIIREIE R

#![no_std]
#![no_main]

extern crate alloc;

use alloc::string::String;
use marco_main::marco_main_use;
use rtsmart_std::{fs, println};

#[marco_main_use(appname = "rust_file_ test", desc = "Rust example6 app.")]
fn main() {
let mut res_file = fs::0penOptions::new()
.read(true)
.write(true)
.create(true)
.append(false)
.open("test.txt");
if res_file.is_err() {
println!("{:?}", res_file.err().unwrap());
} else {
let mut file = res_file.unwrap();
let buf = "Hello, world!".as_bytes();
file.write(buf).expect("write error");
let string = file.read_to_string().unwrap();
println!("{}", string);
file.close().expect("close error");

GiEa R

file_test v0.1.0 (/home/diandianjun/os-educg/project2210132-226009/exam
ples/example6/file_test)

“dev’ profile [unoptimized + debuginfo] target(s) in 0.19s
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+ diandianjun@diandianjun-Lenovo-XiaoXinPro-16ACH-2021:... Q

NER 5.1.0 build Mar 7 2024 10:31:29
2006 - 2024 Copyright by RT-Thread team
file system initialization done!
hello rt-thread
msh />1s
:Directory /:
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
2330464
2376680
2196080
2205856
13
1714912
msh />./file_test
msh />Hello, world!

<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
2330464
2376680
2196080
2205856
13
1714912

(base)
S cat test.txt
Hello, world!(base)
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FAIITH F:ZE 2 X TERT-Thread Smart BIZ{TRustif 59w 5 Y F AN HFE R T — MARFI A,
HAARIFREZEIRETT ISR RTEE, NTEBERER=1HR, BINEEE— 18K

1. Rustif & X F§ %
A Fre-smart L musl-libc E RS rt-thread FUSDK S B S BEREE, YRS T Rustid = IIINITER
Bo 0, mEHRustBE S AR ERERGICSF .

2. fillfE—Ert-smartfRustdwmiz HFr
FRATERUStRIFRFTRAAL R ERIN T aarch64-unknown-rtsmart “E & RIS R, 5T %1%
AIRUSt R IR RENS SR IR IR 1% T & LIS TN AR T

3. RustAEESF M rt-smart V-5

BAVETFlibcrP IR RGINEEAPI, w5 T —LeRust/ EASHH FbRIEZE, $REMAITR S/, X
R ES S T rtsmartR4E Emusl-libcFlirt-thread SDKIYSZEE, 52 7 EL A S EE

R, BAIEITE ARRYSEER, PSR EE D e BMEERIGRS, HIAA s SR H SR
fE, MthreadFE{RHLIEMNE SR, TN & 2L SLINEE, BANMERE NRUsUE S ERAR -6 LA

B —LETTHR,

. 2=

FESZRE RS, BAT—TTEAR T RUsUE S RYPERE, L4 rust_target . core FEIXELJRIEAYHE
W, SURAE, BMR AaEY AEEEIMNE. H—Iim, TATFUnEMEgRIEIE 1 E 2K
KRl BIUNFAIHESGR S libAbRIE AR Z R E] T musl-libc AR, TERAT UnixEREE
TIXERGUFERBEIE A ENAL, FRitbzst, Bl re-thread i MRIGREE TR TR, ERangiz
MEFRIEH, RGN —EIREHEEEE,

FESERIH ISR, BATER T2 Rt, thiBE] TRZXEDURRI A, Hhanshat sz, 2k
SEBN, LRRRMPIRSEMELIE IR, MBS ARG ENRD, HAEEE B CRIRR — P —PIAmIk
M AR, RHERER, EX IR, Wk 7 BATERbug, BEbughVaES].

HMEZERE, BB T NN RGEES — TN EES S mia@ny, @ F4 I
H, BIEESRUStIES1E aarche4-unknown-rtsmart “F& EEHABCONAIERE, FATAEF RZEEW N
RustiB & ERARF & _EAVESH TR,

Ba, BATERGE M N AR SR, IEBATRES IR SESGX MIE, RS ERAIY
PARAERX N ITE FR R, BATHESE I H B R sr 7 BNV S /ERTAIERIRE ), thEsl TR
TR, RO BATRY A ST AT 2 AR5 A 22 Y,

+. ZEHR

Rust FFI Zmf%: https://cloud.tencent.com/developer/article/1620862

rt-thread &%t API : https://www.rt-thread.org/document/api/index.html

RustZiiFas St B ARG M HSZF: https://doc.rust-lang.org/nightly/rustc/platform-support.html

RustbRIEZETRICAS : https://github.com/rust-lang/rust/tree/master/library/std

RustZEFfift: https://rustwiki.org/zh-CN/reference/procedural-macros.html

RustZ/IMit: https://zjp-cn.github.io/tIborm/

RT-ThreadZmfEFMt: https://gitee.com/rtthread/rtthread-manual-doc
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RusthRUfEE: https://rustwiki.org/zh-CN/std/thread/index.html

UNIXERE S gmfE fE35: W.Richard Stevens / Stephen A.Rago Hifiktt: AERMEH HFREE ISBN:
9787115147318
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