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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
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video/ / /BRI e TS AR
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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 ZHxmakefliscons T.H

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

sudo apt install xmake

sudo apt-get install scons

3.4 ‘#3¥ncurses)E

sudo apt-get install libncurses5-dev

3.5 Wtz B

B rt-smart RS REEARM: https://github.com/RT-Thread/rt-thread.git

HEAF| gemu-virt64-aarche4 HE R

cd ./rt-thread/bsp/gemu-virt64-aarch64/ #fJJF rt-thread WHHZFH bsp/gemu-
virt64-aarch64 H3%
scons --menuconfig

HEPESmartiZ
RIGIEIZH R RHUT scons i HAAHRIFZ N

3.6 KU P AT % SDK

¥ Smartffuserapps & & Nk :

git clone https://github.com/RT-Thread/userapps.git

l

Hitidfrenv.sh II— REINRZ &

source env.sh

HEN apps H T4 %

cd apps
xmake f -a aarch64 # E'&EN aarch64E&
xmake -j8

1217 xmake smart-rootfs #l{f rootfs , i&1T xmake smart-image Hil{E5%%

xmake smart-rootfs
xmake smart-image -f fat -o ../prebuilt/qemu-virté4-aarch64-fat/fat.img #fil{F fat

B4
XAMfatimgBERTTE LN B S R St
Ergemu.shH AR 12 R AT 52 i 2L

A\ Fluserapp/sdk/rt-thread/lib/aarch64/cortex-aH %
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FHE HEI RN SR, 2 BIRERASEE librtthread.a MIZIAFE librtthread.so, XFHANEHH
T2 EgmiE N AR A TRERE, KA B SR 2 R AL

L1t R B b E e W
T 1ibe MITRIES

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

TE src HX NN resmart B
Fe XAMNR R B 15 A& rtsmart/mod.rs

£ cargo. toml FHYEE 341 THtargetsH s/l aarch64-unknown-rtsmart HFR:

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-mus1l",
"aarch64-unknown-netbhsd",
"aarch64-unknown-openbsd",
"aarch64-unknown-rtsmart",

HTTEIER, 72 SCAMNET R A5 N o B S BE R A i S %
TEATIES, A rt-smartfl) 1ibc BLEEE T FEASE:

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

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")))]


af://n121

#[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 LR A HERE I E RIAT -

println!("cargo:rustc-link-search=/opt/aarch64-smart-musleabi/aarch64-1linux-
musleabi/lib");
println!("cargo:rustc-link-lib=static=util");
println!("cargo:rustc-1link-lib=static=rt");
println!("cargo:rustc-link-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-lib=static=gcc");

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

X AR A R E S A P AT K SDKEY librtthread. a iIX—fSE T

. WESFESINSEE HbR

$£& rust/compiler/rustc_target/src/spec
fEtargets XA ERINSC A aarch64_unknown_rtsmart.rs
TEbase XX HENN rtsmart_base.rs Xff

XS T S H AR B B — L2

N S T R VAS YR A CIE ik ]

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 {

llvm_target: "aarch64-unknown-1linux-gnu".into(),
metadata: crate::spec::TargetMetadata {
description: None,
tier: None,
host_tools: None,
std: None,
}
pointer_width: 64,
data_layout: "e-m:e-1i8:8:32-116:16:32-164:64-1128:128-n32:64-
S128".into(),
arch: "aarch64".into(),

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

3

XBAREREAT Ta R E X
e max_atomic_width ZEN Some(128), IXFREAFHFIR FHIEFEN 128 i,
e env KEN "gnu", FRERINEEZ GNU,

e linker &E} Some("aarch64-linux-musleabi-gcc".into()), FEEHEREESN aarch64-

linux-musleabi-gcc .

e 1lvm_target B} aarch64-unknown-linux-gnu, TERIRIFNEHTARM 64-bit ZEF3HEF 71X
AR, XE
e pointer_width ¥ E645RIH BRI HHRE LN 64 L

data_layout % B "e-m:e-i8:8:32-116:16:32-164:64-1128:128-n32:64-5128" &% YR
o e: /M7 (little-endian) , FRKFETFHETE ML,
o m:e: FHARHBHEBIZNERIAK T,
o i8:8:32: 8 MIEEHONTT N 8 i, FEHEA/IN 32 hiL,
© 116:16:32: 16 EHOITTN 16 fiL, FFHER/NN 32 i,
0 164:64 : 64 (IEEEONTEN 64 1L,
o 1128:128: 128 FEEENTTN 128 fiL,
o n32:64: HANTFTH 32 fisk 64 {i,
o s128: HEHRXFFN 128 fiL,
o archZEMJIXE N aarche4, FR/R ARM 64-bit 2245, X Z2HIC ARM RbPEESH R 64 (itE %R
28

Brit 2 4b, fEoptionH it AU AL E

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()

X roption T 7E X DA NECLE :

e os: "rtsmart".into() : HIMRIERALIEN “rtsmart”
e dynamic_linking: true: FRHEFREAEXFRISHEHEE (W .so XH)
e executables: true: FoRHBEIRFEEIFFERATHITCH,

e families: cvs!["unix"]: {8 BHFFEEMEIIRIERARIHEAUNIX Kk, X0 LI ERS
X HELE R GURFIE BRI

S 2B B SE S, TF spec/mod. rs FRAYEE 17054 P InfE e

("aarch64-unknown-rtsmart", aarch64_unknown_rtsmart)

SXREREAIEE T —ANHTA4R P H bR
75 s bRiEE
6.1 marco_main

HTAER A RUSthRIEERISRF T, WitZno_stdiXT, BIEEMAmainKiiiy, T2z, @
ERZER O P 4 S BB TER, 8 A C ABIE ARSI main 8%, win] DAL (/]
main R EARE PRI R

Ak, FAUFR T — IS marco_main @ MEZ

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"]

—/M BRI R 722 00 H Y Cargo.tomIsZ 9, fElib B ARiEproc_macro = true

FNFRZEHSIquote, proc-macro2, synE, darlingfE T B e 1 7= 8 HEE R 21 250 (R0
R ko

proc-macro2


af://n190
af://n191

proc-macro2 ZXf proc_macro MUELEE, HRYEH A, ©HT M MEEH:
o KRR SRR ZRIIREHF EIHAL B R SeH, 40 build.rs #1 main.rs
o IEFRARIEAT TN
T proc_macro HEETE proc-macro FUAIFEHEA, FrPACIEERMEA proc_macro &,

BB E, proc-macro2 i proc_macro [ api, AEEHITEEE, IHEHEFIIEEEIE proc-macro
R E A REE A

K, ##IFET proc-macro2 RIFELEZRIEIIE, MAEET proc_macro &, RIAIXEHX
LeRen] DU T Tl X2 DA AR ZEL AFIIR[E] proc-macro2: : TokenStream [JR[A,

WEI proc_macro: :TokenStream B, M4 proc-macro2::TokenStream #f7 .into() #RIERD

A[315 proc_macro HIMRA, KZIFA.

ffH proc-macro2 HIIREZZIEE SUBIBIERFA, LUI{#EH use proc-macro2::TokenStream

as TokenStream2 K5 A proc-macro2::TokenStream,
quote
quote EEATFT—1HAZ: quote! o
ANV IR GIEFRICHR, TR R LR IR S oy Rust 1%k,
AN I 22 1 SR VPR AR T BB A 2190 5 B TE
1. #local WEEMTHEE, HH local $HEMVZEMHEIEMEH— local,

2. fEF] #(#local)* KASLHLT ToTokens HRRURIAUEHHATHIE, HITIERBEEELITFIZER
RE, FNENEFEREHER 2 FRFREI MR,

let name = /* FEMFRIART */;
let exprs = /* FEPNRIEASRICHRIVENREE */;
let expanded = quote! {
impl SomeTrait for #name { // #name A _FIRMRHA R
fn some_function(&self) -> usize {
#( #exprs )+* // JEERAEKFRIAR
}

5B

TEER R, quote! B—NERAMNITE, A 7@ ZE MEASRICROERIC T,
syn
syn —MMENTE, FTH Rust FRICHMNT N Rust JEAH R TEIERT,

TR, TR BB A5, M proc_macro A& AT
HIRHTIIRE, FUATFRRIC.

T IX /MR TR — /NP R ORI, AR feature ROBIAR VAR AR 6 B EL T RE T 415
RAETRE.

Mo, CHEARAEAIE? RETRT,

B, HEH full feature i, BEAMNATAIREE Rust IHTETT mAYE CAMIMREDS 72 2T Rust 15
%o



f£J5H derive feature (BRIANFFE) ZJ5, BiEfEft—1 periveInput AU IZRMEEE T(RIELS
derive ZHI AT EEE.

)5 parsing 1 proc-macro feature (BRIAJFJH) ZJ5, DerivelInput FJDAEIES
parse_macro_input! FECETEA, PUEFRICTRAT NATFR RS,

G05R Rust A REMRIMURINIAIRE, S8 UL ORA BT B SR Rust 1815, ARZIXANFERSR AL T —4
BRI APl][parse], FZZLA parse trait (R (OXFEZE parsing feature, ZRINEH) o

BRILZ AN, IZEATFRIRIURE TACEEEM span, IXIEREZA HIFMRIEEIREE, FEMETRNZ
LTINS

BT XX E— MR ZENE, BRI T proc-macro2 B2 R ATREFR LAY proc_macro HXS
NI,

marco_main_useZ: il
B SEERECK EAEF#[proc_macro_attribute i/ TARIE
[F N2 NS

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

o FNSEREEAFGHE IO RITHIARCH, NS ERBRIRERT. MRAGEEAIR (K
JEAARCH, HA #[attr]) , MRXPDSEEUENZ,

o FUASEEMN T IR EEENSAH, EMMUSZEREE XEE, FXE—»
active J&YE, TEMFBLIRE A, KBEIER MK HAFRIE R,

Bk Se 2 fparse_macro_input! Z @i Rust B FRICIR IR BN A RS IETEMN, DA EAT Hid#2
% iRt appnamefiidescE & It

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();

5B
ARG IRIE IR AR TE ANl args AW Y B ChD 2 4T & He i 2544

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

.to_compile_error()
.into();

// check the function signature
let valid_signature = f.sig.constness.is_none()
&& f.sig.unsafety.is_none()


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

&& 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

&& 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<&
[ug]>)"",
)
.to_compile_error()
.into();

iy

fFastrza, winl b quotel VZMIEHTRISRCH, FZIRZAIANIZIE, R %5 FImain R &k
AL C ABIAHIZTE ALY main BREL, TENRRRFIIAN R, 8T DA N7 N E AR IR ]

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

quote! (
#core

).into()

XA main BREUAS BT AT ) aarch64-rtsmart-muslabi-gec AT AT, BEAER
rustfEno_stdfs NAREE X main B EIIHLE, SOLGwIFESHEIRF AL AL E,

Gn'E — MR, SR RITRIIRS

#![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");

HEHATA] IS — N ERIFE AR 2180, Kt FA] T #icargo-expand T A



cargo install cargo-expand

SNJE AN N A W R IT IR HIRust A

cargo expand -Zbuild-std=core,alloc

BT R T TR R

#![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"));
3
}
(0]

XA ZEFS R R RN TSR, ST RNl cA R PR AR, A2 A
F 5 B main BRI L C ABI A LT NEEAT main BREL, (ENRFRIALR, RETHIFIST
e

6.2 stdout)i

It 7 T B EE A api 2 libe HHY printf EREL

fEi8) core JE ETHY fmt @ :write IX—trait, RJDARAAMHE rustpRIBIIE C I H, debughti Ui tH<F <5
YIgE, printf BIA] AR B —F 7T,

struct StdoOut;

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;
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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())

SR — g buf, IR ARZ128DFN, REHEAEA, BRG],

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

IXEFEY T core FEHHIRIA AL REIE THi
ZIEgRE R BRI RAZ, 75 A VA R i R R AT

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

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

IXHAFE RS IS T RusthiifE PR AR AN/ M E 615
PRt INEGRS T debugZEfillogZs, ] LAE alRe i ik sUEc i debugBisXATlog s\

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

1



#[cfg(debug_assertions)]
#[macro_export]
macro_rules! dbg {
() =>{
$crate::println! ("[{3}:{}]", $crate::out::file!(), $crate::out::1line!());
+i
($val:expr $(,)?) => {
match $val {
tmp => {
$crate::printtn! ("[{}: {31 {3 = {:#?}",
$crate::out::file! (), $crate::out::line!(),
$crate::out::stringify!($val), &tmp);
}
}
+
($(sval:expr),+ $(,)?) => {
($($crate::dbg!($val)),+,)
}

6.3 stdinj§

PR N E T BTN api /& libc 1Y getchar KA, AWHSETRY, B2 EoF siE BFIHITRF
N1k (BaiREARIRINEES B, AR 2 EIER Y BRI 2 T, RN getchar EKEL
— N NFRN R LS, KRR ENSRETENIE, BMSHX AHNERE)

struct Stdin;

impl Read for Stdin {
fn read(&mut self, buf: &mut [u8]) -> Result<usize, RTTError> {
let mut i = 0;
unsafe {
while i < buf.len() {
let ¢ = libc::getchar();

if ¢ == 0 || ¢ == '"\n' as i32 {
break;
}
buf[i] = c as u8;
i+=1;
}
}
Ok(1)

FEPE—PnputStream&ity, M T EITTIFH, FHRECRUS I FAT A EA R Rusth Y String IR
[l

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

}
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pub fn read_line(&mut self) -> Result<String, RTTError> {
let mut buf = [Qu8; 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)

XEFHR T core FEHFIStringUAL B R String::from_utf8_lossy, T KA (byte slice) #%
#24 string

IXHEMR R — NN 10240 BN R IX R AR F1T, QIR BEERA 74511024, 5
HEE| T HUTRE, WIAREIEREE R, SNAksEsbuf, FRBEE, KRB A DHELE RS
sERJEMH, REIREIZER,

6.4 threadf%

PR N\ JE T EEE ) api £ libc FRT-ThreadfJSDKH 3 TEAEM IR RS, THS# TRT-
Thread4mtEFMAHAIRT-Thread APIZE FHf, DANRT-ThreadiF#AHASHISLSIM: 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,
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);
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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);

BATRHEGIAZ ibcrh, 25 ARustXURS A L1 BE £L

// 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;

TEGRIERINT R, HEHERE librtthread. a IX—#ASE, RIAT5RISIXLE %L

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

TEffiH thread: : Thread: :new() HIIHE, IR[El—/ ThreadBuilder , LEZWIEE & E—%threadIZ
8, MR FHAR:



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

Y

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

Mk, € X4 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

— /M Thread W RZM N —4 rt_thread_t , BI—/PEMRZHIRTCB, A TEMEMRA— MM, HTRE
A, rt_thread_t NERETEZ%, BATEN AR EEE L rustilibct, HZM *mut c_void
R

Threadfx EZAIAIEIIHEL 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: :0ut0fMemory)?;

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

Err(e) => Err(e),

}i

return ret;

BONREER — D BN R, RS ECURES RN, rt_thread create RIS HEL

A2



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

AHBATE ST —NIXFERIEEL, FRAEUSHERT OB EH LN, FHENERN2TT, 5ERAEKHTE
e

OISR LR, thilEstartup/yik

X5 UNixNE R AA —ENZER, BlUnixdE 0 FRZE0I8 G T 51217, Mirt-threadW#z 0
IR rt_thread_startup fH{SLARIB1T

PRIELZSb, IEFRAEAN T ITi%:

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)

AT EHIERE

6.5 mutex/#

PRI N BEHEEMH AN api 2 libc FRT-ThreadfSDKH T H F BAHIRIENIREL, FESET
RT-Thread#4if2FMHIRT-Thread APIZEF, PAKRT-ThreadJEAIEH AL rtthread. h

/*
*
*/

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

mutex interface

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);
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BATRESIAF e, 25 IRust XU 42 [ R £X

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 REFH—D rt_mutex_t fENEFE, RNIEREIZEFREFRERNEEHdata

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),

})

pub fn new_with_name(t: T, name: &str) -> Result<Self, RTTError> {

Ok(Mutex {
mutex: mutex_create(name).unwrap(),
data: UnsafeCell::new(t),

1)

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,
1)

4



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,

})

FERERHERT 2 Mutexd KB send H1 sync IX P Ptrait, A BECRIESHEEZ LA TE 2 s :

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

MutexGuard

XL F BRI REEE, EMutex R EBiZE, RE—/MutexGuard&aEfaEr, HT iR
S PR

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

TR AERWLHIFERE], HEER 5 HfZ4MutexGuard,  RIEFRZhN_EAEay A .

FELI peref Fl DerefMut XM PtraitlEFEEBEWS B AR5 | FIR 77 U5 RIAN R, [RIN 75 2
Drop X —trait BRI A F &, WRSICX MG 7 18 R IE

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 fsJi

P R 3 BRI apd /2 1ibe HAYCEE B A SCAFAE AR BRI 4L

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 rt-smart LR — R CIE S ERE, TR SCHHRIE, RO RUstXUR A BRI EEZ 140 R :

pub
pub
pub
pub
pub
pub
pub

fn
fn
fn
fn
fn
fn
fn

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

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

read(fd: ::c_int, buf: *mut ::c_void, count: ::size_t) -> ::ssize_t;
write(fd: ::c_int, buf: *const ::c_void, count: ::size_t) -> ::ssize_t;
lseek(fd: ::c_int, offset: off_t, whence: ::c_int) -> off_t;

fsync(fd: ::c_int) -> ::c_int;

ftruncate(fd: ::c_int, length: off_t) -> ::c_int;

LTI T R A g S Fs b e )2

B BA TR B S ThreadBuilder SR BRI ETA I EC B 7 2R QBT SCHE, RBIAT AR

let mut res_file = fs::0OpenOptions::new()

.re
JWr
.cr
.ap
.op

ad(true)
ite(true)
eate(true)
pend(false)
en("test.txt");

AIARECEXAFREE ., QIS 6, BRMENSREYE, B 20, RO EmE
JIIEEE

K, FATRSetlE— openoptions KATIHF M

OpenOptions

pub struct OpenOptions {

}

pub
pub
pub
pub
pub

path: String,
read: bool,

write: bool,
create: bool,
append: bool,

impl OpenOptions {

pub

fn new() -> OpenOptions {
OpenOptions {
path: String::new(),
read: false,
write: false,
create: false,
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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 })

fEfR L openty i i FERHEC BAS B — & A THTIT X fF

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

}i



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

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

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

HLinux#1ERGHHF], rt-smart®& MNTHI SRR — DS HE#IRSF  (file descriptor, FD) RbriH, X
SRR — N EREER, H TR BT MR 1/0 BR (WEE. MEEET
E) o XHHIRTF ST SO Z RIS H AR L,

[KIIt, FRATXS FileZ5 Mg A E SANTH -

pub struct File {
pub fd: 132,

TR HSC P DropiX —trait, EHAERIHEMIEE BRI, KA

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

B URE

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()) 3},

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

Ok(n as usize)

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

B IR S stdin BB AR L, FH—NEE KENbuf#t LA, FRBRIPEIString/5H, &EHE
HEE R Stringiz [[]

HAth e

pub fn seek(&self, offset: i64) -> RTResult<i64> {
let n = unsafe { libc::lseek(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 {
0k(())
}



pub fn close(&self) -> RTResult<()> {
let n = unsafe { libc::close(self.fd) };
if n <0 {
Err(FileCloseErr)
} else {

ok(())
}

o seek P& R fHEHBANEISFHATEE N B,

o flush BREC RKXHFRIATA 2 IXEBURERIFT 20 L, BREEER AL,
e set_len ¥ JABIFHIKE,

e close H¥C: KHUISIIFMIATRF, BEBHREI,

IXEEPR AR R I IRZER libe FERRBORIEMEXIERIATT, 1R4E 7 SeHEE s, X, X
THREIR BRI R AFE AT RE, B PEREEEH RTResult FADRIREIZER, AHATREAIEHER, IF
TRAEIE 1 AR B

B, PRUEEENTAR R R IIASER
7.1 Mgt — i

# 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 5% 5 irtsmart-stdfTmarco_mainZE/E R,
[ TE. cargo X FR AR IT—Nconfig.tomI~X 4, 1E BRI RN

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

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

{5 PRGN T iy & A1 B R

cargo xbuild -Zbuild-std=core,alloc

SRR G TEtarget/aarch64-unknown-rtsmart/debug B AEFR Y PR 4F 1 B AR 17

TSR I _E#! [no_std1F1#![no_mainIbriE, SNIgRIESRSBENEIHIRNERE, B HFARX Rust
i as N IIFRIEEGRIN aarche4-unknown-rtsmart “FE M, KSR,

ARG T EFEFmarco_main_useiX—dHZ, KPS M main b EEE 08 DA C ABI B Z07E LAl
main BREL, TEAREFIIALR.

PRE G AT B B e e B BRSO R e, RPN E LA i, DARRBfT
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7.2 stdout/EMIR

MRS

#![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");

Tkl

hello v0.1.0 (/home/diandianjun/os-educg/project2210132-226009/examples
/example2/hello)
“dev” profile [unoptimized + debuginfo] target(s) in 13.73s

+ 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
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7.3 stdin i
NN TN
AP AR, 01— MnputStream, AT, F% T

#![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);

GIELEIR

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

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 />./read test

msh />abcde

7.4 thread MR
TR T

MR IERE R D EAE, SRRRE RN AR —2ER, HTARIRENEEIR T
TELARIBAT e UE M — A, AT RRERIETES

#![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() {
println!("Hello world");
let runl = || loop {
time::sleep(Duration::new(1, 0));
let mut sum = 0;
for i in 0..10 {
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sum += 1i;
¥
println!("threadi1: {}", sum);
3
let run2 = || loop {
time::sleep(Duration::new(1, 0));
let mut sum = 0;
for i in 0..10 {
sum += 1i;
}
println!("thread2: {}", sum);

37

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

TR AT

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

Ny

N

===
ZHR

[
y



+ 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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J\, WiHB&E S AR

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

o RustifZ i /%E: A Trt-smart Efmusl-libcERR S rt-thread I SDKEER SBEEIE, WS T
RustiB = RIANT R EGE 2, M FHRustiE 5 T X BRI R G+

o HilfE— D |rt-smartlRustdmiE Hir: A FERustmIF e IRACAE RN T aarch64-unknown-
rtsmart FERIRIFEH, IS RIT9IFIRUStYR IR eSRENS ST R mIR B R % - & LI TR N F S
52

o RustEAHMIrt-smart’E i BATETlibc R RAINEEAPI, w5 T —LERust S H H IR
WEE, TRELAITFREMER, XEERESS] T rtsmarti&4gt Emusl-libciirt-thread SDKAYSZH,
SERL T ELFO B D RE

R, BATEITE ARSI ER,, NS RFEE DS BEMEERGRS, HIUA s B SR H SR
Tk, Mthread R HLIEINE SR, &L SSIEE, BANERENRUsUE S ERAR TG LA
B —LETTHR,

. 2=

ESFTENERES, FAT—AH IR 7 A RustiE =5 1R, Lbil rust_target . core XL ENEE
H, BRARE, BEE. EaEl, OSSR, 5—77H, BAINUnXIMERENE TEZR
SEERAET, BIFAIESR S libcFIARIEERTIS R Z R AEFHE] T musl-libcH Y ZERREL,  LEFRATTAT UnixBRsE
RIXERG R B E FHENZA, BRILZAb, BTN rt-thread i FHIZRIEH TH#E TVFZ, Lhangkts
MERFENEH, RAN—LREDEESE,

FESERIH B RET, WATER Fir2Rt, thiBE] TRZXEDURRI A, Lhaniab s sz, 2&
SEB, LRRRMPIRSEMELIE IR, W ESASRIEENRD, HAEEd H CRRR — 5 — DIk
MR ER, SREERERE, EX IS, WBs T EiEfbug, BEbuglRES,

FEZEAE, BAEIE T DHHRSY-6 55— TiigwEIE S R TIER), s
H, BIN#1SRustiBES1E aarche4-unknown-rtsmart F& FEHABCIATRE, Bl HEERIEZRER N
Rustif & fE A ICE G LIS TTRE

1. ZEHR

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

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

Rustfm s X R AR A M HSEE: https://doc.rust-lang.org/nightly/rustc/platform-support.html

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

Rust2#FMft: https://rustwiki.org/zh-CN/reference/procedural-macros.html

RustZz/Mift: https://zjp-cn.github.io/tlborm/

RT-ThreadZmfEFt: https://sitee.com/rtthread/rtthread-manual-doc

RusthRifEZE . https://rustwiki.org/zh-CN/std/thread/index.html

UNIDRR = gmfe fE#: W.Richard Stevens / Stephen A.Rago HifAt: AELHREE R ISBN:
9787115147318
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