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1.0.3.3. Translations

This book has been translated by generous volunteers. If you would like your translation listed here,
please open a PR to add it.
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The work on this book is coordinated in this repository and is mainly developed by the resources team.
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If you have trouble following the instructions in this book or find that some section of the book is

not clear enough or hard to follow then that’s a bug and it should be reported in the issue tracker of
this book.

Pull requests fixing typos and adding new content are very welcome!

1.0.4. Re-using this material

This book is distributed under the following licenses:

+ The code samples and free-standing Cargo projects contained within this book are licensed under
the terms of both the MIT License and the Apache License v2.0.

« The written prose, pictures and diagrams contained within this book are licensed under the terms
of the Creative Commons CC-BY-SA v4.0 license.

TL;DR: If you want to use our text or images in your work, you need to:
« Give the appropriate credit (i.e. mention this book on your slide, and provide a link to the relevant

page)

+ Provide a link to the CC-BY-SA v4.0 licence

« Indicate if you have changed the material in any way, and make any changes to our material available
under the same licence

Also, please do let us know if you find this book useful!
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For a more detailed list of features and further specifications of the board take a look at the STMicro-
electronics website.

A word of caution: be careful if you want to apply external signals to the board. The microcontroller
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1.4. Tooling for Embedded Rust Debugging

1.4.1. Overview

Debugging embedded systems in Rust requires specialized tools including software to manage the
debugging process, debuggers to inspect and control program execution, and hardware probes to
facilitate interaction between the host and the embedded device. This document outlines essential
software tools like Probe-rs and OpenOCD, which simplify and support the debugging process, along-
side prominent debuggers such as GDB and the Probe-rs Visual Studio Code extension. Additionally, it
covers key hardware probes such as Rusty-probe, ST-Link, J-Link, and MCU-Link, which are integral
for effective debugging and programming of embedded devices.


https://www.qemu.org/
https://github.com/ashleygwilliams/cargo-generate

1.4.2. Software that drives debugging tools

1.4.2.1. Probe-rs

Probe-rs is a modern, Rust-focused software designed to work with debuggers in embedded systems.
Unlike OpenOCD, Probe-rs is built with simplicity in mind and aims to reduce the configuration burden
often found in other debugging solutions. It supports various probes and targets, providing a high-
level interface for interacting with embedded hardware. Probe-rs integrates directly with Rust tooling,
and integrates with Visual Studio Code through its extension, allowing developers to streamline their

debugging workflow.

1.4.2.2. OpenOCD (Open On-Chip Debugger)

OpenOCD is an open-source software tool used for debugging, testing, and programming embedded
systems. It provides an interface between the host system and embedded hardware, supporting various
transport layers like JTAG and SWD (Serial Wire Debug). OpenOCD integrates with GDB, which is a
debugger. OpenOCD is widely supported, with extensive documentation and a large community, but
may require complex configuration, especially for custom embedded setups.

1.4.3. Debuggers

A debugger allows developers to inspect and control the execution of a program in order to identify
and correct errors or bugs. It provides functionalities such as setting breakpoints, stepping through
code line by line, and examining the values of variables and memory states. Debuggers are essential
for thorough software development and maintenance, enabling developers to ensure that their code
behaves as intended under various conditions.

Debuggers know how to:

+ Interact with the memory mapped registers.

+ Set Breakpoints/Watchpoints.

« Read and write to the memory mapped registers.

+ Detect when the MCU has been halted for a debug event.

» Continue MCU execution after a debug event has been encountered.
« Erase and write to the microcontroller’s FLASH.

1.4.3.1. Probe-rs Visual Studio Code Extension

Probe-rs has a Visual Studio Code extension, providing a seamless debugging experience without
extensive setup. Through this connection, developers can use Rust-specific features like pretty printing
and detailed error messages, ensuring that their debugging process aligns with the Rust ecosystem.

1.4.3.2. TRACE32

TRACES32 is a professional debugging and tracing solution developed by Lauterbach for embedded
systems. It supports a wide range of processor architectures, including ARM and RISC-V, and connects
to target hardware via JTAG, SWD, and various trace interfaces. TRACE32 provides advanced debug-
ging capabilities such as multicore debugging, complex breakpoints, and real-time trace analysis. It
works with standard ELF/DWARF debug information, making it compatible with Rust binaries built
using conventional toolchains.

1.4.3.3. GDB (GNU Debugger)

GDB is a versatile debugging tool that allows developers to examine the state of programs while they
run or after they crash. For embedded Rust, GDB connects to the target system via OpenOCD or
other debugging servers to interact with the embedded code. GDB is highly configurable and supports
features like remote debugging, variable inspection, and conditional breakpoints. It can be used on



a variety of platforms, and has extensive support for Rust-specific debugging needs, such as pretty
printing and integration with IDEs.

1.4.4. Probes

A hardware probe is a device used in the development and debugging of embedded systems to facil-
itate communication between a host computer and the target embedded device. It typically supports
protocols like JTAG or SWD, enabling it to program, debug, and analyze the microcontroller or micro-
processor on the embedded system. Hardware probes are crucial for developers to set breakpoints,
step through code, and inspect memory and processor registers, effectively allowing them to diagnose
and fix issues in real-time.

1.4.4.1. Rusty-probe

Rusty-probe is an open-sourced USB-based hardware debugging probe designed to work with probe-
rs. The combination of Rusty-Probe and probe-rs provides an easy-to-use, cost-effective solution for
developers working with embedded Rust applications.

1.4.4.2. ST-Link

The ST-Link is a popular debugging and programming probe developed by STMicroelectronics pri-
marily for their STM32 and STM8 microcontroller series. It supports both debugging and programming
via JTAG or SWD (Serial Wire Debug) interfaces. ST-Link is widely used due to its direct support
from STMicroelectronics’ extensive range of development boards and its integration into major IDEs,
making it a convenient choice for developers working with STM microcontrollers.

1.4.4.3. J-Link

J-Link, developed by SEGGER Microcontroller, is a robust and versatile debugger supporting a wide
range of CPU cores and devices beyond just ARM, such as RISC-V. Known for its high performance and
reliability, J-Link supports various communication interfaces, including JTAG, SWD, and fine-pitch
JTAG interfaces. It is favored for its advanced features like unlimited breakpoints in flash memory and
its compatibility with a multitude of development environments.

1.4.4.4. MCU-Link

MCU-Link is a debugging probe that also functions as a programmer, provided by NXP Semiconduc-
tors. It supports a variety of ARM Cortex microcontrollers and interfaces seamlessly with development
tools like MCUXpresso IDE. MCU-Link is particularly notable for its versatility and affordability,
making it an accessible option for hobbyists, educators, and professional developers alike.

1.5.Y=ILDA1 X =]

CDOR=ZITIE. WD DY —ILD OS ICHFFL BV VX b —ILFIEZ/BEL £
15.0.1. Rust V=JLF 1>

https://rustup.rs DFNEICRED> T, rustup #1 YA —JLLE T,

AR IOANAZON=—23 0131 U ETH D 2R L TTFIV, ruste -v IETFERICT
THNELDFHLLWENZRIRNETT,

$ rustc -V
rustc 1.31.1 (b6c32da9b 2018-12-18)

N RIBE T RVEREICETRRIMNS. TIAILEFTUR
F—=ILTIERA T 7AVNTILDIHETR—FLZEFT, ARM CortexM 7—F T I F v DY
OXOANAS%EBMTZHIC. FEROAVNAILE—T Yy hEA VA M=ILLET,

Cortex-M0, M0+, and M1 (ARMv6-M architecture):


https://rustup.rs

rustup target add thumbvém-none-eabi

Cortex-M3 (ARMv7-M architecture):

rustup target add thumbv7m-none-eabi

Cortex-M4 and M7 without hardware floating point (ARMv7E-M architecture):
rustup target add thumbv7em-none-eabi

Cortex-M4F and M7F with hardware floating point (ARMv7E-M architecture):
rustup target add thumbv7em-none-eabihf

Cortex-M23 (ARMv8-M architecture):

rustup target add thumbv8m.base-none-eabi

Cortex-M33 and M35P (ARMv8-M architecture):

rustup target add thumbv8m.main-none-eabi

Cortex-M33F and M35PF with hardware floating point (ARMv8-M architecture):
rustup target add thumbv8m.main-none-eabihf

1.5.0.2. cargo-binutils

cargo install cargo-binutils

rustup component add llvm-tools

WINDOWS: prerequisite C++ Build Tools for Visual Studio 2019 is installed. https://visualstudio.
microsoft.com/thank-you-downloading-visual-studio/?sku=BuildTools&rel=16

1.5.0.3. cargo-generate
We’ll use this later to generate a project from a template.
cargo install cargo-generate

Note: on some Linux distros (e.g. Ubuntu) you may need to install the packages 1ibss1-dev and pkg-
config prior to installing cargo-generate.

1.5.0.4. OS-Specific Instructions
ERLTWVS OS ICFFRDFIRICHE>TT L,

o Linux
« Windows
« macOS

1.5.1. Linux
W DODD Linux T4 ARJEa—>a3a>DA A M=)LAY > RERLE,

1.5.1.1. Packages
« Ubuntu 18.04 LL_LE / Debian stretch A%

758 gdb-multiarch &, ARM Cortex-M 7OAJ S L% T /N T 3§ 370 ERT S GDB D
OYYRTY,

sudo apt install gdb-multiarch openocd gemu-system-arm

« Ubuntu 14.04 & 16.04


https://visualstudio.microsoft.com/thank-you-downloading-visual-studio/?sku=BuildTools&rel=16
https://visualstudio.microsoft.com/thank-you-downloading-visual-studio/?sku=BuildTools&rel=16

X358 arm-none-eabi-gdb (&, ARM Cortex-M FOAT S L% T/N\w I T3=-HICERT S
GDB DNV KR T9Y,

sudo apt install gdb-arm-none-eabi openocd gemu-system-arm
« Fedora 27 Ak
sudo dnf install gdb openocd gemu-system-arm

o Arch Linux

7*52 arm-none-eabi-gdb I&. ARM Cortex-M FOAT S L% TN\ I T3=HIFERT S
GDB DNV KR TY,

sudo pacman -S arm-none-eabi-gdb gemu-system-arm openocd

1.5.1.2. udev JL—JL
CDIL=ILIZ& D, JL— F1EBR7: L T\ OpenOCD % Discovery h— RICX L THER 3 LS ICL
9o

TEEDHB T, Jetc/udev/rules.d T4 L7 FUICT7 71 IIL={ERL L
x9
# STM32F3DISCOVERY rev A/B - ST-LINK/V2
ATTRS{idVendor}=="0483", ATTRS{idProduct}=="3748", TAG+="uaccess"

# STM32F3DISCOVERY rev C+ - ST-LINK/V2-1
ATTRS{idVendor}=="0483", ATTRS{idProduct}=="374b", TAG+="uaccess"

TDE. 2TDudev L—I)LZUO—FLET,

sudo udevadm control --reload-rules

BUCR—R7%Z/—hFPCICERLTVEHE. —ERVLVTHSE. BI—EERELET,
INSDIARYRETIZIELT. N—ZIv>a vzl TEET

lsusb

Which should show something like

(..)
Bus 001 Device 018: ID 0483:374b STMicroelectronics ST-LINK/V2.1
(oa)

Take note of the bus and device numbers. Use those numbers to create a path like /dev/bus/usb/
<bus>/<device>. Then use this path like so:

ls -1 /dev/bus/usb/001/018

Crw------- + 1 root root 189, 17 Sep 13 12:34 /dev/bus/usb/001/018

getfacl /dev/bus/usb/001/018 | grep user

user::rw-
user:you: rw-

N—Z v aUICBMINI+E. N—I v aryhiiskEnil &
ZEERLTVWET,

ENTIE. ROET7 2 aVITEATTEL,



1.5.2. macOS
L2TDY—IJLIF. Homebrew Z{FE>TA VA M—=ILTETET,

1.5.2.1. Install tools with Homebrew

$ # GDB
$ brew install arm-none-eabi-gdb

$ # Open0CD
$ brew install openocd

$ # QEMU
$ brew install gemu

NOTE If OpenOCD crashes you may need to install the latest version using:

$ brew install --HEAD openocd

1.5.2.2. Install tools with MacPorts

$ # GDB
$ sudo port install arm-none-eabi-gcc

$ # Open0OCD
$ sudo port install openocd

$ # QEMU
$ sudo port install gemu

UETE ' Dt a VIEATTRSI L,
1.5.3. Windows

1.5.3.1. arm-none-eabi-gdb

ARM & Windows [l FIC.exe 1 VA b= ZBH L TWVWE T, here B5 1 DZAFL T, FlE
ICESTTEW, A YA M—ILTOCRDKRT TIEFICRIBERIC/NAZEM S T 3
VEFERLET, DR V=D %PATHs ICH D ZHERLF T,

$ arm-none-eabi-gdb -v

GNU gdb (GNU Tools for Arm Embedded Processors 7-2018-g2-update) 8.1.0.20180315-git
(T

1.5.3.2. OpenOCD

There’s no official binary release of OpenOCD for Windows but if you’re not in the mood to
compile it yourself, the xPack project provides a binary distribution, here. Follow the provided
installation instructions. Then update your %PATH% environment variable to include the path
where the binaries were installed. (C:\Users\USERNAME\AppData\Roaming\xPacks\@xpack-dev-
tools\openocd\0.10.0-13.1\.content\bin\, if you’ve been using the easy install)

Verify that OpenOCD is in your %PATHS with:

$ openocd -v
Open On-Chip Debugger 0.10.0
(..)

1.5.3.3. QEMU
QEMU NI H 1 Fh5 QEMU ZAFL X9,


http://brew.sh/
http://brew.sh/
https://www.macports.org/
https://developer.arm.com/downloads/-/arm-gnu-toolchain-downloads
https://xpack.github.io/openocd/
https://www.qemu.org/download/#windows
https://www.qemu.org/download/#windows
https://www.qemu.org/download/#windows

1.5.3.4. ST-LINK USB K51 /\
USBRZANBAVAM—ILTEIHBERDHD £9.,€ 5 THITNIXOpenOCD IFENFT FH A
YAM—ZDFIEICHESTTFEIV, ZLTELVWRZANDON—=a>@32EY Rhea EY
MZEAVAR=ILTEZCZBERLTTIL,

METT ' DI a VICEATTEL,

1.54. 1T X F=ILDEER
DI IUTIF RBERDY=ILERTFANDELLA VA M=IILETN. HZEINTL
xR LED,

YA20OUSB7—7I)I%Z@E>T. /— bk PC/PC 7% discovery h— FIZHEHK L TTF I UL,
discovery R— K32 DD USB IR VX ZHRH L TVET, R— FigDHFRICH S USB ST-
LINK"E SANILDMF W e DZER L TTF I L,

ST-LINK AN YADNEEINTVWBS bR LEF T, TOBEEDIRIL TH - 7B H' ST-LINK
ANY AT,

ZFNTIE. KOOIV REEITLTFTL,

openocd -f interface/stlink.cfg -f target/stm32f3x.cfg

NOTE: Old versions of openocd, including the 0.10.0 release from 2017, do not contain the new
(and preferable) interface/stlink.cfg file; instead you may need to use interface/stlink-
v2.cfgor interface/stlink-v2-1.cfg

ROEAMVFOSN, FOJSLIFIYY—)ILZ2T7OvIT3IET T,

Open On-Chip Debugger 0.10.0
Licensed under GNU GPL v2
For bug reports, read
http://openocd.org/doc/doxygen/bugs.html
Info : auto-selecting first available session transport "hla swd". To override use
"transport select <transport>'.
adapter speed: 1000 kHz
adapter nsrst delay: 100
Info : The selected transport took over low-level target control. The results might
differ compared to plain JTAG/SWD
none separate
Info : Unable to match requested speed 1000 kHz, using 950 kHz
Info : Unable to match requested speed 1000 kHz, using 950 kHz
Info : clock speed 950 kHz
Info : STLINK v2 JTAG v27 API v2 SWIM v15 VID 0x0483 PID 0x374B
Info : using stlink api v2
Info : Target voltage: 2.919881
Info : stm32f3x.cpu: hardware has 6 breakpoints, 4 watchpoints

RIERECIFEEERLEEAD. TLAORAVNETAYFRAY MCEAT Z3REDIT
ZEEBLEIETTY, BIETET B, OpenOCD 7O X ZZEIEL. DTS 3 UANEA
THTLY,

“breakpoints”DITHBUF TET AN o 1cmE. ROIAX Y FZEH LTS FTELY,
openocd -f interface/stlink-v2.cfg -f target/stm32f3x.cfg
openocd -f interface/stlink-v2-1.cfg -f target/stm32f3x.cfg


http://www.st.com/en/embedded-software/stsw-link009.html
http://www.st.com/en/embedded-software/stsw-link009.html

COOAXR Y REHKEELIBE. dWN—R 77 EY 3 >0 discovery R—RZAFL7=C
EZERRLFE T, CNIFERBICHED FEAD BTOLREZZEZIDIVENHDDT. €DC
CZBATHVWTTTW, XTI aVICELENTEERT,
EEH5DAXRYRHBEEI—HE LTS ELLIDBD>TIBE. root N—IZ v 3V TEIT
LTHTTFEIVW@HIRIE. sudo openocd ..)o AN RHiroot /N\—= w3 > THEELHZE.
udev L—=LAELKRESTNTVEI DR L TT I,

CZEFTEELTULEL. OpenOCD BEFWTWAWERSIZE, issue ZIED2TRI L, FhFeBH
B/ LET,


https://github.com/rust-embedded/book/issues

2. AP9

Dt arTlE. HIAATOISLZE VT, EILRLT. 753 v2allEZAA. T
NV T T2 VWS—EDTOLRZHBELE T, FEACDHAZRRABN—RDTT7RLT
HIZeNTEET, BEAA—T VYV —AN—RITT7IIal—42TH QEMU %FES
METY, N—RUIT7HREBCRIME—DEI S a3 id. HAGH S, OpenOCD ZfFE->T
STM32F3DISCOVERY |IC 704 5 L9 % Hardware €223 > T,

2.1. QEMU

Cortex-M3 ¥/ 203> FO—5®D LM3S6965 FRICTOT S LZEL AN 5WMOFL &£
So D LM3S6965 ZEIRFIDRZ—4 v b L GEARLIERIE. QEMUZE>TI I al—> 3
VTEBDSETY, COEIZI>VTIER N—RIT72VWLEA3REHRGLY—ILEHES
At RICEPTETET,

IMPORTANT We'll use the name “app” for the project name in this tutorial. Whenever you see the
word “app” you should replace it with the name you selected for your project. Or, you could also name
your project “app” and avoid the substitutions.

211 FESA TSV EFEDLEVWRust TOT S L
We'll use the cortex-m-quickstart project template to generate a new project from it. The created
project will contain a barebone application: a good starting point for a new embedded rust application.
In addition, the project will contain an examples directory, with several separate applications, high-
lighting some of the key embedded rust functionality.

2.1.1.1. Using cargo-generate
First install cargo-generate

cargo install cargo-generate
Then generate a new project

cargo generate --git https://github.com/knurling-rs/app-template

Project Name: app
Creating project called "app ...
Done! New project created /tmp/app

cd app

2.1.1.2. Using git
Clone the repository

git clone https://github.com/rust-embedded/cortex-m-quickstart app
cd app

And then fill in the placeholders in the Cargo. toml file

[packagel]

authors = ["{{authors}}"] # "{{authors}}" -> "John Smith"
edition = "2018"

name = "{{project-name}}" # "{{project-name}}" -> "app"
version = "0.1.0"

# ..

[[bin]]
name = "{{project-name}}" # "{{project-name}}" -> "app"


http://www.st.com/en/evaluation-tools/stm32f3discovery.html
http://www.ti.com/product/LM3S6965
https://github.com/rust-embedded/cortex-m-quickstart

test = false
bench = false

2.1.1.3. Using neither
Grab the latest snapshot of the cortex-m-quickstart template and extract it.

curl -LO https://github.com/rust-embedded/cortex-m-quickstart/archive/master.zip
unzip master.zip

mv cortex-m-quickstart-master app

cd app

Or you can browse to cortex-m-quickstart, click the green “Clone or download” button and then
click “Download ZIP”.

Then fill in the placeholders in the Cargo.toml file as done in the second part of the “Using git”
version.

2.1.2. Program Overview
For convenience here are the most important parts of the source code in src/main. rs:

#![no_std]
#![no_main]

use panic_halt as ;
use cortex m rt::entry;

#[entry]
fn main() -> ! {
loop {
// HBFOA—RIFTTICEETET
}
}

This program is a bit different from a standard Rust program so let’s take a closer look.

#![no_std] indicates that this program will not link to the standard crate, std. Instead it will link to
its subset: the core crate.

#![no_main] indicates that this program won’t use the standard main interface that most Rust
programs use. The main (no pun intended) reason to go with no_main is that using the main interface
in no_std context requires nightly.

use panic_halt as _;. This crate provides a panic_handler that defines the panicking behavior of
the program. We will cover this in more detail in the Panicking chapter of the book.

#[entry] is an attribute provided by the cortex-m-rt crate that’s used to mark the entry point of the
program. As we are not using the standard main interface we need another way to indicate the entry
point of the program and that’d be #[entry].

fn main() -> !. Our program will be the only process running on the target hardware so we don’t
want it to end! We use a divergent function (the -> ! bit in the function signature) to ensure at compile
time that’ll be the case.

2.1.3. Cross compiling

First of all we will need the memory layout for the target microcontroller, the LM3S6965 in our case.
Otherwise the build will fail to link the image. Create a file named memory . x at the root of the project
and paste the following content:


https://github.com/rust-embedded/cortex-m-quickstart
https://docs.rs/cortex-m-rt-macros/latest/cortex_m_rt_macros/attr.entry.html
https://crates.io/crates/cortex-m-rt
https://doc.rust-lang.org/rust-by-example/fn/diverging.html

MEMORY
{
/* NOTE 1 K = 1 KiBi = 1024 bytes */
/* TODO Adjust these memory regions to match your device memory layout */
/* These values correspond to the LM3S6965, one of the few devices
/* QEMU can emulate */
FLASH : ORIGIN = 0x00000000, LENGTH = 256K
RAM : ORIGIN = 0x20000000, LENGTH = 64K

/* This is where the call stack will be allocated. */

/* The stack is of the full descending type. */

/* You may want to use this variable to locate the call stack and static
variables in different memory regions. Below is shown the default value */

/* stack start = ORIGIN(RAM) + LENGTH(RAM); */

/* You can use this symbol to customize the location of the .text section */

/* If omitted the .text section will be placed right after the .vector table
section */

/* This is required only on microcontrollers that store some configuration right
after the vector table */

/* stext = ORIGIN(FLASH) + 0x400; */

/* Example of putting non-initialized variables into custom RAM locations. */
/* This assumes you have defined a region RAM2 above, and in the Rust
sources added the attribute “#[link section = ".ram2bss"]  to the data
you want to place there. */
/* Note that the section will not be zero-initialized by the runtime! */
/* SECTIONS {
.ram2bss (NOLOAD) : ALIGN(4) {
*(.ram2bss);
. = ALIGN(4);
} > RAM2
} INSERT AFTER .bss;
&7/

The next step is to cross compile the program for the Cortex-M3 architecture. That’s as simple as
running cargo build --target $TRIPLE if you know what the compilation target ($TRIPLE) should
be. Luckily, the .cargo/config.toml in the template has the answer:

tail -n6 .cargo/config.toml

[build]

# Pick ONE of these compilation targets

# target = "thumbvbm-none-eabi" # Cortex-M0 and Cortex-MO+
target = "thumbv7m-none-eabi" # Cortex-M3

# target = "thumbv7em-none-eabi" # Cortex-M4 and Cortex-M7 (no FPU)
# target "thumbv7em-none-eabihf" # Cortex-M4F and Cortex-M7F (with FPU)

To cross compile for the Cortex-M3 architecture we have to use thumbv7m-none-eabi. That target is
not automatically installed when installing the Rust toolchain, it would now be a good time to add that
target to the toolchain, if you haven’t done it yet:

rustup target add thumbv7m-none-eabi

Since the thumbv7m-none-eabi compilation target has been set as the default in your .cargo/
config.toml file, the two commands below do the same:



cargo build --target thumbv7m-none-eabi

cargo build

2.1.4. Inspecting

Now we have a non-native ELF binary in target/thumbv7m-none-eabi/debug/app. We can inspect it

using cargo-binutils

With cargo- readobj we can print the ELF headers to confirm that this is an ARM binary.

cargo readobj

Note that:

--bin app -- --file-headers

« --bin app is sugar for inspect the binary at target/$TRIPLE/debug/app

+ --bin app will also (re)compile the binary, if necessary

ELF Header:
Magic: 7f 45 4c 46 01 01 01 00 0O 00 0O 0O OO 0O 00 00
Class: ELF32
Data: 2's complement, little endian
Version: 1 (current)
0S/ABI: UNIX - System V
ABI Version: 0x0
Type: EXEC (Executable file)
Machine: ARM
Version: 0x1
Entry point address: 0x405

Start of program headers:
Start of section headers:

52 (bytes into file)
153204 (bytes into file)

Flags: 0x5000200
Size of this header: 52 (bytes)
Size of program headers: 32 (bytes)
Number of program headers: 2

Size of section headers: 40 (bytes)
Number of section headers: 19

Section header string table index: 18

cargo-size can print the size of the linker sections of the binary.

cargo size --bin app --release -- -A

we use - -release to inspect the optimized version

app

section size addr
.vector table 1024 0x0
.text 92 0x400
.rodata 0 0x45c
.data 0 0x20000000
.bss 0 0x20000000
.debug_str 2958 0x0
.debug loc 19 0x0
.debug_abbrev 567 0x0
.debug_info 4929 0x0
.debug_ranges 40 0x0
.debug macinfo 1 0x0
.debug_pubnames 2035 0x0
.debug_pubtypes 1892 0x0
.ARM.attributes 46 0x0
.debug_frame 100 0x0



.debug line 867 0x0
Total 14570

A refresher on ELF linker sections

+ .text contains the program instructions

+ .rodata contains constant values like strings

+ .data contains statically allocated variables whose initial values are not zero

+ .bss also contains statically allocated variables whose initial values are zero

« .vector table is a non-standard section that we use to store the vector (interrupt) table

o .ARM.attributes and the .debug * sections contain metadata and will not be loaded onto the
target when flashing the binary.

IMPORTANT: ELF files contain metadata like debug information so their size on disk does not
accurately reflect the space the program will occupy when flashed on a device. Always use cargo-size
to check how big a binary really is.

cargo-objdump can be used to disassemble the binary.

cargo objdump --bin app --release -- --disassemble --no-show-raw-insn --print-imm-hex

NOTE if the above command complains about Unknown command line argument see the following
bug report: https://github.com/rust-embedded/book/issues/269

NOTE this output can differ on your system. New versions of rustc, LLVM and libraries can
generate different assembly. We truncated some of the instructions to keep the snippet small.

app: file format ELF32-arm-little

Disassembly of section .text:

main:

400: bl #0x256

404: b #-0x4 <main+0x4>
Reset:

406: bl #0x24e

40a: movw r@, #Ox0

< .. truncated any more instructions .. >
DefaultHandler :

656: b #-0x4 <DefaultHandler >
UsageFault:

657: strb r7, [r4, #0x3]
DefaultPrelnit:

658: bx 1r
__pre_init:

659: strb r7, [r0, #0x1]
__nop:

65a: bx 1r


https://github.com/rust-embedded/book/issues/269

HardFaultTrampoline:
65c: mrs r0@, msp
660: b #-0x2 <HardFault >

HardFault :
662: b #-0x4 <HardFault >

HardFault:
663: <unknown>

2.1.5. Running
Next, let’s see how to run an embedded program on QEMU! This time we’ll use the hello example
which actually does something. By default, this example uses [defmt] and RTT to print text.

NOTE defmt is a third-party dependency (i.e. non-core) widely used in the Embedded Rust
ecosystem.

In order to read and decode the messages produced by defmt in the host, we need to switch the RTT
transport output to semihosting. When using real hardware this requires a debug session but when
using QEMU this Just Works.

Let’s switch the dependencies:

cargo remove defmt-rtt
cargo add defmt-semihosting

Open src/lib. rs and replace use defmt_rtt as _; by use defmt_semihosting as _;
Now we can build the example:

cargo build --bin hello

The output binary will be located at target/thumbv7m-none-eabi/debug/hello

To run this binary on QEMU, the following command would be usually enough:

gemu-system-arm \
-cpu cortex-m3 \
-machine 1m3s6965evb \
-nographic \
-semihosting-config enable=on, target=native \
-kernel target/thumbv7m-none-eabi/debug/hello

In our case, since we use defmt, the host will not be able to decode the output. Instead, we will need a
tool by Ferrous Systems named gemu- run:

git clone git@github.com:knurling-rs/defmt.git
cd defmt/gemu-run/
cargo run -- --machine 1m3s6965evb ../qemu-rs/target/thumbv7m-none-eabi/debug/hello

Hello, world!

The command should successfully exit (exit code = 0) after printing the text. On *nix you can check
that with the following command:

echo $?

0
Let’s break down that QEMU command:


https://github.com/knurling-rs/defmt/tree/main/qemu-run/

« gemu-system-arm. This is the QEMU emulator. There are a few variants of these QEMU binaries;
this one does full system emulation of ARM machines hence the name.

« -cpu cortex-m3. This tells QEMU to emulate a Cortex-M3 CPU. Specifying the CPU model lets us
catch some miscompilation errors: for example, running a program compiled for the Cortex-M4F,
which has a hardware FPU, will make QEMU error during its execution.

« -machine 1m3s6965evb. This tells QEMU to emulate the LM3S6965EVB, an evaluation board that

contains a LM356965 microcontroller.

-nographic. This tells QEMU to not launch its GUL

« -semihosting-config (..). This tells QEMU to enable semihosting. Semihosting lets the emulated

device, among other things, use the host stdout, stderr and stdin and create files on the host.
+ -kernel $file. This tells QEMU which binary to load and run on the emulated machine.

Typing out that long QEMU command is too much work! We can set a custom runner to simplify the
process. .cargo/config.toml has a commented out runner that invokes QEMU; let’s uncomment it:

head -n3 .cargo/config.toml

[target.thumbv7m-none-eabi]

# “cargo run' T. 7OJZLZQEMUTEITTB7cH. AXY S T7TRZHALTFEL,
runner = "gemu-system-arm -cpu cortex-m3 -machine 1m3s6965evb -nographic -
semihosting-config enable=on, target=native -kernel"

CDZF—IEF. T7ANLDOAYNAILEZ =Y FT%H3 thumbvim-none-eabi D E
INFEJ, CNT. cargo runid7OJ L%z /N1)LLT QEMU TERITL 7,

cargo ru(
level: 2 + whole
)--release
Compiling app v0.1.0 (file:///tmp/app)
Finished release [optimized + debuginfo] target(s) in 0.26s
Running “gemu-system-arm -cpu cortex-m3 -machine 1m3s6965evb -nographic -
semihosting-config enable=on, target=native -kernel target/thumbv7m-none-eabi/release/
examples/hello”
Hello, world!

2.1.6. TINW Y
TNV TIIHAHFRRICE D TIEBICEE T, £DEIICTSDON. BTHEL &S50

HIAATNAZADTNYTIE. VE— TN ITZHFWVWET, TNy T L7VwWTOT 3 A
FTNwAHFOYT 5L (GDB £7-IXLLDB) #E{TLTWVWBA YL Y ETERITINEWVWEHTT,

DE—FTNYTIE VAT e —NDBERBDET, QEMUDEY TPV ST, U35
47> I GDB (£7=13LLDB) 7Ot XReHD, H—NIFHAATOT S L%EETLTWVWS
QEMU 7Ot XD XY,

CDOtoTa>TIE AYNAILBERAD hello DFIEFERL 9
RINDTNYITXTYvTIE. QEMUZ TNV I E— R TEENTS T,

gemu-system-arm \
-cpu cortex-m3 \
-machine 1m3s6965evb \
-nographic \
-semihosting-config enable=on, target=native \
-gdb tcp::3333 \
-S\
-kernel target/thumbv7m-none-eabi/debug/examples/hello



COOAXRYERIEF AV —I)LICABbRRET. mRZz7AVvILEFT, T TE2D0DEMZ

S0z EBLTVWETD,

« -gdb tcp::3333, QEMU A* TCP 7/R— k3333 BT, GDB ARI > avEFDOELSICLET,

. -So QEMU P EEEFEFIC. ¥ >ZTU—XLE T, COTFThHVne. TNy HZiEH
I 3a1IC. 7OY 5 LD main BAEOEHODICEZELTLEVET,

RICHIDUHAT GDB ZEI L. hello DHIDT NI VRILZO—RLE T,
gdb-multiarch -q target/thumbv7m-none-eabi/debug/examples/hello

NOTE: you might need another version of gdb instead of gdb-multiarch depending on which one
you installed in the installation chapter. This could also be arm-none-eabi-gdb or just gdb.

Then within the GDB shell we connect to QEMU, which is waiting for a connection on TCP port 3333.

target remote :3333

Remote debugging using :3333
Reset () at $REGISTRY/cortex-m-rt-0.6.1/src/lib.rs:473
473 pub unsafe extern "C" fn Reset() -> ! {

You’ll see that the process is halted and that the program counter is pointing to a function named
Reset. That is the reset handler: what Cortex-M cores execute upon booting.

Note that on some setup, instead of displaying the line Reset () at $REGISTRY/cortex-m-
rt-0.6.1/src/lib.rs:473 as shown above, gdb may print some warnings like:

core::num::bignum::Big32x40::mul small () at src/libcore/num/bignum.rs:254 src/
libcore/num/bignum.rs: No such file or directory.

That’s a known glitch. You can safely ignore those warnings, you’re most likely at Reset().
This reset handler will eventually call our main function. Let’s skip all the way there using a breakpoint

and the continue command. To set the breakpoint, let’s first take a look where we would like to break
in our code, with the 1ist command.

list main

This will show the source code, from the file examples/hello.rs.

6 use panic_halt as ;

7

8 use cortex m rt::entry;

9 use cortex_m semihosting::{debug, hprintln};
10

11 #[entry]

12 fn main() -> ! {

13 hprintln! ("Hello, world!").unwrap();

14

15 // exit QEMU

We would like to add a breakpoint just before the “Hello, world!”, which is on line 13. We do that with
the break command:

break 13
We can now instruct gdb to run up to our main function, with the continue command:

continue



Continuing.

Breakpoint 1, hello:: cortex m rt main () at examples\hello.rs:13
13 hprintln! ("Hello, world!").unwrap();

MHello, world!] ZFRRIBA—RIZIEDWTEFX Lo next ANV RZEFE-T. ANEAE
L& 5o
next

16 debug: :exit(debug: :EXIT SUCCESS);
CDERFFA T, gemu-system-arm Z 31T L TLWVBiHKIC THello, world)] MFRRINBIET T,

$ gemu-system-arm (..)
Hello, world!

HS1E next ZRITIT S . QEMU 7O XD T L £,

next

[Inferior 1 (Remote target) exited normally]
CNTGDBEYIa>»ZERTTEET,

quit



3. \—FKox7
CCETT. VoILLER IO RICHBREBNLIZT T, Ot 3> Tid. EBO
N—RYTFICYIDEZET, BRIOEIIE. FrAYELEETY, RUORAHEL & S0

30. \—Fox7%2%53

RIS, 7O T FOREICHBTZR2—7 v T NAZDOWVWL DO Oz SR T

BRENHD £,

« ARM 37, BIZIF Cortex-M3 T

« D ARM O 7|3 FPU Z3BH L TLE I H ?Cortex-M4F & Cortex-M7F |d. EEHLTWE T,

e B—T Y rTNAREBHINTVWE T T Y2 aXE) ERAMDREIEFWVWS 5TEH 2?4l
ZIE. 7T v ald 256KiB T RAM | 32KiB T

e 7Y aXEUVERAMIE. PRLAEBFOEZICIYEYTINTVETH? HIZIE.
RAM Z. & 0x2000 0000 FHICHIE L F 9%

NS DBERIF. TNARADT—R— D) T 7L YA Z a7 IILICBEINTVE D,

Ot a>TIE R BEDY T 7L Y R/IN— R 17 THB STM32F3DISCOVERY % {# 8

LEJ, ZTDR—FIE. STM32F303VCT6 ¥/ 2700 FO—5% 1 DBHLTWVWET, 20D

A0 O—ZIFUATOHDZRF->TVET,

. B¥EE FPU Z 5 Cortex-M4F O 7H' 1 D

. 0x0800_0000 FFMICALBE SMN7c 256KiBD TS wraXE)

. 0x2000_0000 ZFith |CEZE S 17z 40KiB D RAM, (B RAM MBIFH H D 9 H FHEHDBEEIL
D=, DK

3.0.2. ¥ E
TUOTL—=FDFLWAVREAVRAEEST. RVTYFHIAEEVTVWEXL &S50 cargo-
generate ZfEA LB WVWAEICDWTIE, I3 >0 QEMU Z2BLTTFE LY,
$ cargo generate --git https://github.com/rust-embedded/cortex-m-quickstart
Project Name: app

Creating project called “app ...
Done! New project created /tmp/app

$ cd app
F—XT v SIE. .cargo/config ICT 7 AL AVNAILEZ—T v b Z2RET D E T,

tail -n5 .cargo/config.toml
# UTOOAYNAINE—47y D B1IDZEVET

# target = "thumbv6m-none-eabi" # Cortex-MOHB & UCortex-Mo+
# target = "thumbv7m-none-eabi" # Cortex-M3
# target = "thumbv7em-none-eabi" # Cortex-M4H L UCortex-M7 (no FPU)

target = "thumbv7em-none-eabihf" # Cortex-M4F& L UCortex-M7F (with FPU)

Cortex-M4F A7 ZXRETBHDE LT thumbv7em-none-eabihf ZfELVE T,

NOTE: As you may remember from the previous chapter, we have to install all targets and this is
a new one. So don’t forget to run the installation process rustup target add thumbv7em-none-
eabihf for this target.

FZXT Y TIE. memory.x 7 7 A ILICAEVEFDIEHRE AT TBDZETT,



$ cat memory.x
/* Linker script for the STM32F303VCT6 */
MEMORY

{
/* NOTE 1 K = 1 KiBi = 1024 bytes */
FLASH : ORIGIN = 0x08000000, LENGTH = 256K
RAM : ORIGIN = 0x20000000, LENGTH = 40K

}

NOTE: If you for some reason changed the memory.x file after you had made the first build of a
specific build target, then do cargo clean before cargo build, because cargo build may not
track updates of memory. x.

We'll start with the hello example again, but first we have to make a small change.

debug::exit VDMEUPH LA, IXVET7IREINTULBRIHHIREINTWRZ EZ2EELTT
TV NI, QEMU THITIT3RDA. HHL £,

#[entry]
fn main() -> ! {
hprintln! ("Hello, world!").unwrap();

// QEMU%E#RT I3
// ER. N—ROz 7 ETEITLAEVWTRIL, 0penOCDDIREEIE T B RIREMED H D £,
// debug::exit(debug::EXIT SUCCESS);

Loop {}
}

CNETRH>TEED. cargo build TFAY T LZZORXA2 /N ILL. cargo-binutils
TNAFVERFARBZZEDTEX T, cortex-n-rt ZL—hE FyTZ2EESTEH DI =HICHA
ER 2 TOEERLHRVELELET, BRHAI LIS IFLALETO Cortex-M CPUNE L
FHAEATEEBLET,

cargo build --example hello

3.03. FINY T

TINYITHEIVLEWET, R BUIDORTY TIE. 2—5 v T NARICLK>TERD
£9, DU 3 TIE. STM32F3DISCOVERY ETERITLTWE OIS LETNYI T
BHDICHRBERZFIERXHBELET, ChiFd. SZDRBERELET, TNTREEDT
N J1EERIE. the Debugonomicon ZBE L TTF L\,

KHie@RIC. VE—FTNYIETVWET, V51472 N GDB 7OERXTHZZEHE
BTY, LHL. SE. %—/\IE OpenOCD IZHD 95

A VAL— )OSR 3> TR27L DI, /— b PC £7IF PC % discovery h— RIZ#E
Fil. STLINK AYADREINTWVWR I EZRELTRIL,

discovery ZR— R @ ST-LINK (C#&Ht T B 78I, HA T openocd ZEITLTFEL, TN
VRIE. TUFL—=bFOP O MDIL— T LI MUDBEITLTTFIV openocd 1.
EDAVRAITT—RT7AINER=T Yy T 7L ZFESH. DEEIRINTULS openocd. cfg
774N ERDIFTET,

cat openocd.cfg


https://github.com/rust-embedded/debugonomicon

# STM32F3DISCOVERYRAF R — KA DOpen0CDERE Y > 7L

# FOTCLWBN—RITT7DOVESIVICGLT. TNBDA YR TT—ADS5E, 1DEZFEATERIL,
# BIC. 1DDA VYR TI—ABRAAXY R TIRENTVWBRETT,

# UEYayc GELwuezay)
source [find interface/stlink.cfg]

# UETYIVALB (HLWIEY3Y)
# source [find interface/stlink-v2.cfg]

source [find target/stm32f3x.cfgl

dEE T VAR ILOEEFEE I 3> T W= 3 2D discovery R— R ZF->TWLS
CCHHMIBALTULWAI5E. interface/stlink-v2.cfg Z{ED K 5 IC openocd.cfg 7 71 )L
ZIEIET 2RENHD 7,

$ openocd
Open On-Chip Debugger 0.10.0
Licensed under GNU GPL v2
For bug reports, read
http://openocd.org/doc/doxygen/bugs.html
Info : auto-selecting first available session transport "hla swd". To override use
'transport select <transport>"'.
adapter speed: 1000 kHz
adapter nsrst delay: 100
Info : The selected transport took over low-level target control. The results might
differ compared to plain JTAG/SWD
none separate
Info : Unable to match requested speed 1000 kHz, using 950 kHz
Info : Unable to match requested speed 1000 kHz, using 950 kHz
Info : clock speed 950 kHz
Info : STLINK v2 JTAG v27 API v2 SWIM v15 VID 0x0483 PID 0x374B
Info : using stlink api v2
Info : Target voltage: 2.913879
Info : stm32f3x.cpu: hardware has 6 breakpoints, 4 watchpoints

AODIERT. GDBZEITLET, _BEHH. 7L —r OV bDIL— T LT D
S5ERITLTTFIL,
gdb-multiarch -q target/thumbv7em-none-eabihf/debug/examples/hello

NOTE: like before you might need another version of gdb instead of gdb-multiarch depending on
which one you installed in the installation chapter. This could also be arm-none-eabi-gdb or just gdb.

ZRIC. TCP 3333 R— b THEEFEFFH L TLVS OpenOCD IZ. GDB Z3#&#i L £ 95

(gdb) target remote :3333
Remote debugging using :3333
0x00000000 in ?? ()

FNTIE. load AV REFEST. /700> MO—JIC7TOT S LZEZTIAATEIEL,

(gdb) load

Loading section .vector table, size 0x400 lma 0x8000000
Loading section .text, size 0x1518 1ma 0x8000400
Loading section .rodata, size 0x414 1ma 0x8001918



Start address 0x08000400, load size 7468
Transfer rate: 13 KB/sec, 2489 bytes/write.

7OJ7Lh0-REnFlLlfe COFOTILIEEIRATr I FERLEY, €T
CIRRAT4 I ERVUE L TED EITSEIIC. OpenOCD ICE SRR T0 VI EBMICT 3
£SIC. IBRTIBENHD T,

(gdb) monitor arm semihosting enable
semihosting is enabled

monitor help ANV RZEITTB_LT. £TDO0penOCD ANV FZRBZUMNTEF
ER

UBIDELSIC. TLAURA>Y RNE continue AR Y REFERAT A LT, main FTCRAF v S
TBREDNTEET,
(gdb) break main

Breakpoint 1 at 0x8000490: file examples/hello.rs, line 11.
Note: automatically using hardware breakpoints for read-only addresses.

(gdb) continue
Continuing.

Breakpoint 1, hello:: cortex m rt main trampoline () at examples/hello.rs:11
11 #lentry]

NOTE If GDB blocks the terminal instead of hitting the breakpoint after you issue the continue
command above, you might want to double check that the memory region information in the
memory . x file is correctly set up for your device (both the starts and lengths).

Step into the main function with step.

(gdb) step

halted: PC: 0x08000496

hello:: cortex m rt main () at examples/hello.rs:13
13 hprintln! ("Hello, world!").unwrap();

CDRFE T OpenOCD AYY —JLIC. IOHDEADEL T
MHello, world!] ¥FRRINBIET T,

$ openocd

(FxY)

Info : halted: PC: 0x08000502
Hello, world!

Info : halted: PC: 0x080004ac
Info : halted: PC: 0x080004ae
Info : halted: PC: 0x080004b0
Info : halted: PC: 0x080004b4
Info : halted: PC: 0x080004b8
Info : halted: PC: 0x080004bc

The message is only displayed once as the program is about to enter the infinite loop defined in line
19: Toop {}

You can now exit GDB using the quit command.



(gdb) quit
A debugging session is active.

Inferior 1 [Remote target] will be detached.

Quit anyway? (y or n)

Debugging now requires a few more steps so we have packed all those steps into a single GDB script
named openocd.gdb. The file was created during the cargo generate step, and should work without
any modifications. Let’s have a peek:

cat openocd.gdb
target extended-remote :3333

# print demangled symbols
set print asm-demangle on

# detect unhandled exceptions, hard faults and panics
break DefaultHandler

break HardFault

break rust begin unwind

monitor arm semihosting enable
load

# start the process but immediately halt the processor
stepi

<gdb> -x openocd.gdb target/thumbv7em-none-eabihf/debug/examples/hello ZE{TIT B &
T. GDB 9 <ICOpenOCD ICHESI L. EIHRATo I %EMEL. 7O 5 L%O—KL
fekT, 7O EZMIALE TS

ADFHZEE LT <gdb> -x openocd.gdb Z A AR LT > F—IZ LT\ cargo run TFOT S L%
EIIRL. TSICGDBE Y a3V ZMIRT B EHTEX I DT F—Id. .cargo/config
CEENTVETH., OXERTTREINTVET,

head -nl0 .cargo/config.toml

[target.thumbv7m-none-eabil]

# CCOOAYERTIRENTE, “cargo run’ IFQEMUT YOV SLEZRTLET

# runner = "qgemu-system-arm -cpu cortex-m3 -machine lm3s6965evb -nographic -
semihosting-config enable=on,target=native -kernel"

[target.'cfg(all(target arch = "arm", target os = "none"))']

# 3DDFIRFDSBE. 1DOAXY 7T =T L. “cargo run' lFGDBL v 3> zRIAL £95
# COBIRFBEBS D TR ATLICE>TEABD T,

runner = "arm-none-eabi-gdb -x openocd.gdb"

# runner = "gdb-multiarch -x openocd.gdb"

# runner = "gdb -x openocd.gdb"

$ cargo run --example hello

(..)

Loading section .vector table, size 0x400 lma 0x8000000
Loading section .text, size 0x1e70 lma 0x8000400
Loading section .rodata, size Ox61lc lma 0x8002270

Start address 0x800144e, load size 10380



Transfer rate: 17 KB/sec, 3460 bytes/write.
(gdb)

31. XEUIYTFRFLI XA

$IAH S 2T LTIE BEED Rust — REETL. F— 4% RAMRATREISE 37217 Tidi
WL CIEFTEE Ao LED DEAPRZVOWTFRE. HLIE. N2 EDATF VT
RUTIFIEDBERY. Y RATFLMBEREAENITRICIE RUTTIILEZDTXEY
Ty TRLU 4] OHRICEEBAANZIURENHD £7.

A0 A—=5DORV T IIIICTIERTZEHDI—RH. XOowFnhaoL N

JLT. BEICEDMNTUVET,

c RAVAT7—FTIOFvIL—bo COBDIL—FE. /703> FAO—-JICBHIN
TWA 70ty A7 THEBCRZENRIL—F o2/ ->TVWET, L. FEO IOt Y
HAT7EFEATZL2TOY700> bO—FZICHEDORY 7 FIILHEODKFVET, Bl
ZIE. cortex-m 7 L — &, E|DAHDBEM L EMLETSEREIRELTVWEY, TN
IFLTOD Cortex-MR—XYA 2702 b O—FTRILHDTY, cortex-m 7 L— k&L
[SysTick] XU 7 T ZINADTI7ELRABRELTVE T, CDORY T x5 )LIE 2T Cortex-
MAR—=ZAIA202> O—JICEEHEHINTLET,

e RUTZTIIWNTIOERIL—F (PAC)s COEDIL—FE. BVWSv/N—TF, FEDNDE
BEoOXA7O03>FO—JICHLTEREINTUVS. BRABXEUIYTRLI IR
DT YN—ZBEELET, AIZIE. TFEHIXAVIVILXAYOD Tiva-C TM4C123 > 1) —X
BT D tmac123x 7 L— k. ST YA 270D STM32F30x > ') —X[@IT D stm32f30x 7 L — +
TI. Y2702 A—ZDTFI7=2AIL) T 7L YRR ZaT7ILICEBEINTWLWEER
TIJILOBEFIBICK>T. LYRREEFEPOEWDOLES,

«HALYZL—bFo CNHDZL— M FED O Y IR LT KDA—HTLVRUR
API ZIRMHE L TV X 9, embedded-hal TERSCNTUVARHBED LA FZFES>TEEINT
WBZEHBWVWTT, FIZIE. TDTL— ML Serial BERFIRELTVWBETLEL S, £
DAVA LS IRIF BURGPIOE Y D—RREAR—L—FE5IBICRD £, LT T—
REXETBDDD write byte FA—NZIRML £J. embedded-hal ICBIT ZFFMIE.
EEDEZBRLTTIL,

«c R—KRIL—Fo TNS5DIZL—KFIE.HALZ L — DT SIC—HEEZHEATLWET, TN
5. STM32F3DISCOVERY 7R— REINT D stm32f3-discovery DL SIC. FEDEHEF v h»
AR—FREIFIC. BRLABRVTTTILE GPIO EVEERIICERELTHD £,

3.1.1. Board Crate

A board crate is the perfect starting point, if you're new to embedded Rust. They nicely abstract the
HW details that might be overwhelming when starting studying this subject, and makes standard tasks
easy, like turning a LED on or off. The functionality it exposes varies a lot between boards. Since this
book aims at staying hardware agnostic, the board crates won’t be covered by this book.

If you want to experiment with the STM32F3DISCOVERY board, it is highly recommended to take
a look at the stm32f3-discovery board crate, which provides functionality to blink the board LEDs,
access its compass, bluetooth and more. The Discovery book offers a great introduction to the use of
a board crate.

But if you’re working on a system that doesn’t yet have dedicated board crate, or you need functionality
not provided by existing crates, read on as we start from the bottom, with the micro-architecture crates.


https://crates.io/crates/cortex-m
https://crates.io/crates/cortex-m
https://crates.io/crates/tm4c123x
https://crates.io/crates/stm32f30x
https://crates.io/crates/embedded-hal
https://crates.io/crates/embedded-hal
https://crates.io/crates/stm32f3-discovery
https://crates.io/crates/stm32f3-discovery
https://rust-embedded.github.io/discovery/

3.1.2. Micro-architecture crate
2TD Cortex-MYA 27O FO—F THBED SysTick RUTZ T ZILHASRTVWEERL & 5,
cortex-m Z L— MZIEHD B DIELARILZ APIDAHD. ROKXSIES e TEEXT,

#![no_std]

#![no_main]

use cortex_m::peripheral::{syst, Peripherals};
use cortex m rt::entry;

use panic_halt as ;

#[entry]
fn main() -> ! {
let peripherals = Peripherals::take().unwrap();
let mut systick = peripherals.SYST;
systick.set clock source(syst::SystClkSource::Core);
systick.set reload(1l 000);
systick.clear current();
systick.enable counter();
while !systick.has wrapped() {
/] W=7
}

loop {}
}

SYSTABEADEEII. ARMTIVZAILD T 7L YRIZaT7ILICEWVWT. SRV T I
ICEZSNTVAHBECIEBICKKBMUTVET, XIS UMEIE) CWo7-BEEDAPLIEHD
FtAo while L—TZF>TREICKRETIHNENDHD £9, Peripherals: :take() Z MU H
TETIE. SYSTEBERICTIEATERVWILISEELTTFSWL,. ChiEk. 7O L2
THE—D SYSTIBEARNFET 2 RIS AFRLFIETYT, FLLIE RV T7T)LE
73 ETERSIL,

3.13.RVI7xSIWT7IEXIL—F (PAC) DfEA

ETD Cortex-M ICEEH N TWVWBREARNLERY T T IILOAICIRET 3D THNIK., $HiAH
VIEIzT7HRIIHDEDETHRVTL L S ECHDRRT EALTVLWAREDYrIO
Oy bO—ZEEOIA—REELMELRHD £9, SEIDFITIE. TFHRAVIVILAIY
DTM4C123DHBDE LEL & 5o TM4C123IEZT RILL P DY 203> bO—F T 80MHz
D Cortex-M4 £ 256 KiBD 7 W aXEUNBHINTWEY, COFvIZFATZD
IS tm4c123x ZL—FZEEIBLE T,

#![no_std]
#![no_main]

use panic_halt as _; // NZwIN\YEFS

use cortex m rt::entry;
use tm4cl23x;

#[entry]

pub fn init() -> (Delay, Leds) {
let cp = cortex m::Peripherals::take().unwrap();
let p = tmd4cl23x::Peripherals::take().unwrap();

let pwm = p.PWMO;


https://crates.io/crates/cortex-m
https://crates.io/crates/tm4c123x

pwm.ctl.write(|w| w.globalsyncO().clear bit());

/] BE—RLE Do h7PyF/ZOVE—FR

pwm. 2 ctl.write(|w| w.enable().set bit().mode().set bit());

pwm. 2 gena.write(|w| w.actcmpau().zero().actcmpad().one());

// 528G A0 (64HTV LTy TENhIYRETY) . ETAZA>TEIC4IL—TF 211241 T)L)
pwm. 2 load.write(|w| unsafe { w.load().bits(263) });

pwm. 2 cmpa.write(|w| unsafe { w.compa().bits(64) });

pwm.enable.write(|w| w.pwmden().set bit());

}

FIFE SYSTICT IV E ALK EE2<KELAZET. Mo RV T T JILICTIEZALET, ED
=&, tmdc123x::Peripherals::take()ZMERZ ETT, DY L— &, svd2rust ZE>TH
FERSNTHDTI, LPRAEZ T4 —ILROT7 I XB@HIX. BEDS | TITAL.,. 7O—
Sy ExRDEYT, COO—RIEENZVLSICEAEFITHA Rust AN JIE—EDF T vy
ZRITL.FETOT7EVITIIEVWI > Y O—RZERLE T, BEERINO— RHN
BEDT7 IV HEBADL5IBHIENTH S & Z2HITETRVIGE. € DRBEEKIE unsafe &
I—03NET, HIRIE. SVDAL I REEREY FEEELTWVWED, 5D 32EY
ED—EEHHFRIBRERZFONE SH. BB L TLWARWEETY, LEEDHITIE. bits()BIEK
ZfE>T load & compa T T4 —JLRZRET BKFIC. unsafe &Y —2I LTWVET,

3.1.3.1. tHAH

read VBAEIZ. X—HA—DSVD 77 AL TEEINTVWEED. LZIEZRNDERA Y
T774—)IRICHLT HRAAAERDT7IELXA TSV b 2RLET, HEFY FLICH
3. fI%ENU?:%)LGD\ BELDZZICH LT BBEOERDERENAHD. CORBTHER
22 TORMIE. tmac12sx FF A XY FTRB2ZENTEXT,

if pwm.ctl.read().globalsyncO().is set() {

// WIBZTB
}

3.1.32. EFAH

write()EEIF. BE—5|O I/ O0—-C v ZWD £9, BEIE. CO518%Z w U Ed, CD5|
BlE. FTIA=HA—DSVD 7J7MILTEZELTVWEED, BRLABLZPRAZOY T 70—l
RADFRAZEZTT I XZHILET,. REFYTLEICHZ. . BHERV 7LD FELY
2 LT wBITHEZZL2TOREED. tmic123x RFAX Y FTRB3ZENATETEY, &
ELTULWAWESTOY T 70— ILRIZ. T 74 MEICSRESNE T, L XRXDOBEFEOARE
IFEbNET,

pwm.ctl.write(|w| w.globalsyncO().clear bit());

3.1.3.3. {&IE

LESRAZDBTFEDH T 74 —ILREFEEZEELT. BODOY T 714 —ILRIFEELL<AL
mes modify B ZER 9, COREMII 25| DI/ O0—CvZED £9, 1 DIEFHAAHA
T, DI 1DIEEFTIAHAHATY, BE. CN5D5I18EETNEN. rew EHUET, r5|H
3. L XAZDRIEOHABRZFARNZHICFERINE T, LT wil#ld. LPZXARZORAE
FEIET3-OICFERINET,

pwm.ctl.modify(|r, w| w.globalsyncO().clear bit());

modify BAEUI. 7 O—S v OERBEEFREL X9, CEEBTIE. —RERICHEAIAA IELLE Y
FZEBIELTHS. TDEXZEZFTRIMNELNHD XTI, ChiE. TT—DRETIHEDDOFR
MHHZZex=RLTUVWET,


https://crates.io/crates/svd2rust
https://docs.rs/tm4c123x/0.7.0/tm4c123x/pwm0/ctl/struct.R.html
https://docs.rs/tm4c123x/0.7.0/tm4c123x/pwm0/ctl/struct.R.html
https://docs.rs/tm4c123x/0.7.0/tm4c123x/pwm0/ctl/struct.W.html
https://docs.rs/tm4c123x/0.7.0/tm4c123x/pwm0/ctl/struct.W.html

uint32 t temp = pwm@.ctl.read();

temp |= PWMO CTL GLOBALSYNCO;
pwm0.ctl.write(temp);

uint32 t temp2 = pwmO.enable.read();

temp2 |= PWMO ENABLE PWM4EN;
pwm@.enable.write(temp); // &»d | EiES7ZHTY !

3.1.4. HAL Z L — F D {EH

HBF v THDOHAL 7L — k&, BEIMIZIE, PACICE > TABATN TV EDEERICKT
LT HRRZLMLA M ERETEIECTHELTUVEY, KK O ML~ M BOAR
)7 25 I)LICIE constrain (VA ZEEZ L. BEE >V ZFE TS GPIOR— DL S5HBHDIC
Esplit OB EERZLE T, COBEII. TEBOEDR) 7T IIIWEEERF TV b EH
BL. SDBELARNILRAPIERRADIFLVWA TSI M ERLET, ZDAPLIE. U7
R—F D new BEED. Clock IBEBFRA TPV FOBARAXMNBLTELS5BIx2T5HhHL
NEHF Ao, Clock IBEFRA TV ME. PLLELTOIZ Oy VRERBE #RET 2 EHTEDN
HLICE>TDH EHTZZEHDFRETT, COHETIE. BMICZOvIL—MEREL
BOWTOUTFIR—=bATO O b EERLIED. SUTILR—rF TS0 FHR—L—
FEIOVIBICER>TERTELS5ABILIE. BENICEIDEBEFEA. —BDIL—KT
3. ZGPIO PV FZREDT-HDHFRIBE ML A FEERITZIETAHDET, CDML
A RMEIARUTIIICEDEETHIIC. 2—UHE V% IE L UVIREE (B X (X, Bt 7R Alternate
Function E— R ZBIRTBLICLDTQ) ICTBEeERDHEFT, BT, 21 L
DARX+ZREBEELFE A

HleRTHEL & S

#![no_std]
#![no_main]

use panic_halt as ; // panic handler

use cortex m rt::entry;

use tm4cl23x hal as hal;

use tm4cl23x hal::prelude::*;

use tm4cl23x hal::serial::{NewlineMode, Serial};
use tm4cl23x hal::sysctl;

#[entry]
fn main() -> ! {
let p = hal::Peripherals::take().unwrap();
let cp = hal::CorePeripherals::take().unwrap();

// SYSCTLHEEARZ EDELAVRAPIA TS T R TIyFLET

let mut sc = p.SYSCTL.constrain();

/] FIL—ROHREEZFEIRLET

sc.clock setup.oscillator = sysctl::0scillator::Main(
sysctl::CrystalFrequency:: 16mhz,
sysctl::SystemClock: :UseP1ll(sysctl::P1l0utputFrequency:: 80 00mhz),

)

// PLLEZNSDREMTHRELTT

let clocks = sc.clock setup.freeze();

// GPIO PORTAEBEMRZ LDELAVARAPIA TSI TSy ILET,
// GPIONR! 7z ZILICBEFICERZ ANST=DIC.
// “sc.power control’ OEANMRELRC CICEELTREL,



let mut porta = p.GPIO PORTA.split(&sc.power _control);

// UARTZESL £,
let uvart = Serial::uart0(
p.UARTO,
// EEEY
porta
.pal
.into_af push pull::<hal::gpio::AF1>(&mut porta.control),
/] RfEEY
porta
.pad
.into_af push pull::<hal::gpio::AF1>(&mut porta.control),
// RTSCCTSIIMEEL LFEA
0,
oF
// R—L—Fk
115200 u32.bps(),
// HIHE
NewlineMode: : SwapLFtoCRLF,
// R—L—bORE=EHETZHIC/OvIL— DR ETY
&clocks,
// UARTRU T ZIIDERZANBZOHICHETT
&sc.power _control,
);

loop {
writeln! (uart, "Hello, World!\r\n").unwrap();

}
}

322 IS RAT14 YT

TIRRATo VT HABTNAIADKRRA R ETVO Z1T5HEATY, IS R DO
V=IO HATBEDICEONE T, CIRRXTa V7ICIE. TNy Ty 3 oh %
ETTH, MICIEABBREBE LEEFA CBMDEFIEIFRETT ), 2D7H. IEEICEFTI,
Rl EBICERTHZETI. N—FRT7x7TFN\vH BIZIX. ST-Link) (K> Tl
EFTAAREDHI VB DHDD £,

cortex-m-semihosting 2 L— M &, Cortex-M TNA1 A LETEIRA T VJIRER T D7D
DAPIZIRRMHLET, TOTOTSLIE. EIHRRATo 2T /N—2 3 > MHello, world!] T,

#![no _main]
#![no_std]

use panic_halt as ;

use cortex m_rt::entry;
use cortex m_semihosting::hprintln;

#[entry]

fn main() -> ! {
hprintln! ("Hello, world!").unwrap();

Loop {}


https://crates.io/crates/cortex-m-semihosting

COFOTZLEN—FITT7 ETEITIS L. OpenOCD DOJ I, Hello world!] D X
T—IWRTEINF T,

$ openocd

-y

Hello, world!

(oo)

&AIC. GDB H'5 OpenOCD DT I KRR T4 VI ZBMELT IHRENHD £,

(gdb) monitor arm semihosting enable
semihosting is enabled

QEMU IFE IR R T4 VX BB L TVWE . L TOT S LG TNy Iy 3y
ZHE L TV gemu-system-arm THEMEL £ 9. EIHRR 70 VI R—bEEWELT S
7=8. QEMU | -semihosting-config 7 77 ZEBITMELRH B EICEEL TRV, N5
DT ZTE. T TL—FD.cargo/config Z 7 A ILICBRICEEFNTULE T,

$ # CO/OJSLEEREIOVILET

$ cargo run

Running “gemu-system-arm (..)
Hello, world!

exit T IRRA T4 VJBEHH D QEMU 7O X ZR T THLDICEOLNE T, BEE (/\—
KT 7 ETdebug::exit ZEALBWVWT TV, CDEEIE. OpenOCD 7w 3> ZIHIE
T 3EEeMENHD. OpenOCD ZHBEFH LBRVLWRD, TNXLEOTOTSLDTNYIHTSE
A~ S 8

#![no_main]
#![no_std]

use panic_halt as ;

use cortex m rt::entry;
use cortex m semihosting::debug;

#[entry]
fn main() -> ! {
let roses = "blue";
if roses == "red" {
debug: :exit(debug: :EXIT SUCCESS);
} else {
debug: :exit(debug: :EXIT FAILURE);
}
loop {}

}

$ cargo run
Running “gemu-system-arm (..)

$ echo $?

1

REOEY R INZ Y IRBOES % exit(EXIT FAILURE)ICERET BN TEEY, INT.
QEMU ETEITTEB no std TIVNATAMZECZENTEET,



FEMDI=HIC. panic-semihosting Z L — FE. Texit] 74 —F¥ZHFH->TWLWET, 0D
T4 —FvHEMEINTVBR L. RRAMDEREIS—IINZyIXyE—JZ20O0JHNL
7=#%. exit(EXIT FAILURE)ZMUH L £

#![no_main]
#![no_std]

use panic_semihosting as ; // features = ["exit"]

use cortex_m_rt::entry;
use cortex m semihosting::debug;

#[entry]
fn main() -> ! {
let roses = "blue";

assert _eq!(roses, "red");

Loop {}
}

$ cargo run
Running “gemu-system-arm (..)
panicked at 'assertion failed: " (left == right)"
left: “"blue"’,
right: ""red" ', examples/hello.rs:15:5

$ echo $7?
1

NOTE: To enable this feature on panic-semihosting, edit your Cargo.toml dependencies section
where panic-semihosting is specified with:

panic-semihosting = { version = "VERSION", features = ["exit"] }

where VERSION is the version desired. For more information on dependencies features check the
specifying dependencies section of the Cargo book.

3.3. IN\Zw D
INZ W PIERust D ATEBD T 1 T v I RIRED & S B SBHIAHDIREIZ. XEV RS
MES YR LBIIBREINE T, BENDA YTV IRITIEALESETR L /A=Y
IRRELFT,

BESATSUTIE NZYIEEEZESINTIETT, A—HANZ v IRERICTOI S A
THR— M3 ERZE LABRVED. NZw I BRI LIEALYRDRAYIEEZTRLET,

LA L FEEED7OT S LTIE. NZ Y VRFOEHIL. KEZD X F T, #[panic handler]
B ZzES T2 CIcED. BEFZFEIRTZEHNTETEY, COBKII. 7005 LDEKTE
BRI Z 712, 1BIREIFBRNZIBENRDHD £, €L T. fn(&PanicInfo) -> | DT RF ¥
EROUREBELHD £Y, T I T. Panicinfold. NZwv I LIMNERBRE SUBERKRTI,

HAAS AT LIE. A—HEPODERDTE3HDOHN 5. ZEMUHNEBER (VY2 aTERWND
DETHDET, ZDH. ETONZ Y IEFFHEICHIETIAH—DHDIFHD FEAD.
FLKHBEEINBEFH K TABD T, CNSD—REMIBRESIH. #[panic_handler] B %
EEITBIL—MIFEHESNTWVET, LW<DOD. FIZZEIFET,
. panic-aborte NZWIDRETZI . PHR—bMHZRITLET.


https://doc.rust-lang.org/cargo/reference/specifying-dependencies.html
https://doc.rust-lang.org/core/panic/struct.PanicInfo.html
https://crates.io/crates/panic-abort

. panic-halte NZWIDRETZ . TOJ L. £id. WEORL v RIE. ERIL—7F
ICADZCTIEIELF T,

e panic-itme INZ W IRERD X vt —TF ARM Cortex-MBEBDAR 7 ZILTH B ITM
ZE->TOJHANTNET,

. panic-semihostinge NZ W I RERDA v —JII I RR T VI %ZFoTOJHAT
nExI,

crates.io T panic-handler ZF —TJ—RICEMERITBD LT THICIL—FZRBDIFE 2N
TEFT,

TOJSLIE W/ TDIL—he VI FBIET.CNSDEFHOHRNS 1 DEEVE T,
NZwIBOEFHRT SV T—3 Y —XA—ROPRTE—TTRIRINTWLWS Z i,
REaXDRELTERABEITITEL, NZyIBOEESZINTILEOZOT7 71T
ZEICTDIRICHFEBETETEY, HIRIE

#![no_main]
#![no_std]

// BEIOT7 7L N2y IDTNYITEBRICLET, “rust begin unwind IZTLAUKRA > bEEL
CCZEARICLETD,

#[cfg(debug assertions)]

use panic_halt as ;

// V)=X7O7 71 T7TIV5—2a3>ONAF VA X %=gIMEL £ 95
#[cfg(not(debug assertions))]
use panic_abort as ;

77 oc

COFITIE. BEIOT7MILTEILE (cargo build) L7=KFid.
panic-halt ZL— k&> LEd, LHL. V)—=XTFOT7704ILTEILR (cargo build
--release) L7=BFlE. panic-abort ZL—hrEU>VIULZET,

The use panic_abort as _; form of the use statement is used to ensure the panic_abort panic
handler is included in our final executable while making it clear to the compiler that we won’t
explicitly use anything from the crate. Without the as _ rename, the compiler would warn that
we have an unused import. Sometimes you might see extern crate panic_abort instead, which
is an older style used before the 2018 edition of Rust, and should now only be used for “sysroot”
crates (those distributed with Rust itself) such as proc_macro, alloc, std, and test.

3.3.1. %
BIDOREZEBATT7I7EALES T30z RLET, COREIINZ I ZS|IETEIL
* 95

#![no_main]
#![no_std]

use panic_semihosting as ;
use cortex m rt::entry;

#[entry]
fn main() -> ! {


https://crates.io/crates/panic-halt
https://crates.io/crates/panic-itm
https://crates.io/crates/panic-semihosting
https://crates.io/keywords/panic-handler

let xs = [0, 1, 2];
let i = xs.len();
let y = xs[i]; // @ENT7IER

Loop {}
}

C DBITIE. panic-semihosting DEEZBIRLTHED . NZv IR wvE—2F EIHRIA T+
VORGSO TRZIMIAYY = ILICHASINET,

$ cargo run
Running “gemu-system-arm -cpu cortex-m3 -machine 1m3s6965evb (..)
panicked at 'index out of bounds: the len is 3 but the index is 4', src/main.rs:12:13

EE) & panic-halt ICEE L. EDHERICAYE—UHMHEASTNABWVWC C =R TAENT
XL

3.4. 5

BN EIDIAHIE. TOCYHHIERBEAANY FEBGMNAIS— BIZIE RELHEDE
17) ZI/S1=ODN—R T 7OEEATT, FINITII>Foa>a2EKRL. HINNV R
SERVOHLET AN RSIE AR M ZFISEILEESICELTEITSINS YT
—=F>TH,

cortex-m-rt ZL—KMIE BINNY RSEEE T D7D, exception 7 NV Ea— MZigHL
TWXE9,

// SysTick (XRTFTLEAT) FINDT=HDFHNNY RS
#[exception]
fn SysTick() {
] -
}

exception BHEDMIE. AIANY RS IFEBOEBOLSICRZAEY, LHL. B 1DEWV
WHD £, exception/ N\ RZEYV IR T T7HERUHTIENTETEE A BIRDOHT
& SysTick(); EWVWDRXTF—F XY RI. OANAILITS—IZHED X,

COENMEIX. IEBICERABHDTY, Nl exception/\ RSHTEE IN7: static mut
ZHOMAZREICT S, CLWOSKEZRETI1-HODHDTT,
#[exception]
fn SysTick() {
static mut COUNT: u32 = 0;

// “COUNT (& &mut u32 ' DEZH->THED, TOFAIFEELTY
*COUNT += 1;

CHEAIDD LNEEADN static nut B ZBHATES C i3 EOBEZBARAEICL
9. ERNIIZMEEAIC. BEOBOIN - BIDRAAZNY FIH 5. B LLIE main &1 DM
LB - BIDRABNY ESH S, BEARARBERZFUHT CCIE. RERIETT,

LZL78 Rust |F. RLTEKEZIEICBED FHA. EDI2H. BAF
AIREABAENIE. unsafe EX—T S NAITNIEERD FHA. FNTH. exception /N RFE
static mut BEMZLZLEICFERZ D, CIRFLTzo TNHAEERBDIE. ES5LTTL LD DY
exception N\ RZIEV T RV T7HEHUHTIENTIRVWD,. BAT SAEEMEIEHD
Ftho IEHH. BEICHEZZDTY,


https://docs.rs/cortex-m-rt-macros/latest/cortex_m_rt_macros/attr.exception.html

As a result, in the context of exception handlers in embedded systems, the absence of concurrent
invocations of the same handler ensures that there are no reentrancy issues, even if the handler uses
static mutable variables.

In a multicore system, where multiple processor cores are executing code concurrently, the potential
for reentrancy issues becomes relevant again, even within exception handlers. While each core may
have its own set of exception handlers, there can still be scenarios where multiple cores attempt to
execute the same exception handler simultaneously.

To address this concern in a multicore environment, proper synchronization mechanisms need to be
employed within the exception handlers to ensure that access to shared resources is properly coordi-
nated among the cores. This typically involves the use of techniques such as locks, semaphores, or
atomic operations to prevent data races and maintain data integrity

Note that the exception attribute transforms definitions of static variables inside the function
by wrapping them into unsafe blocks and providing us with new appropriate variables of type
&mut of the same name. Thus we can dereference the reference via * to access the values of the
variables without needing to wrap them in an unsafe block.

3.4.1. LB H

SysTick fINZEZ KK 1 BICRETEEZ AT LRATIDFZEFENET, SysTick ANV R
ZlE U H I NEIEZ colnT B#ICER L. SRR T VI F>THERIA NIV =)L
IC COUNT DfEZHIL 95

&R I COAlIF. ED Cortex M TNA A THEITTETETo QEMU L THEITAIRET o

#![deny(unsafe code)]
#![no_main]
#![no_std]

use panic_halt as ;
use core::fmt::Write;

use cortex _m::peripheral::syst::SystClkSource;
use cortex m rt::{entry, exception};
use cortex m semihosting::{
debug,
hio::{self, HostStream},
}i

#[entry]

fn main() -> ! {
let p = cortex m::Peripherals::take().unwrap();
let mut syst = p.SYST;

[/ BHSYsTickfINZRRITTODI AT LRAIZRELETT
syst.set clock source(SystClkSource::Core);

// T7#IEDOCPUT O IH12MHzDLM3S6965[EFTDFRETY
syst.set reload(12 000 000);

syst.clear current();

syst.enable counter();

syst.enable interrupt();



loop {}
}

#[exception]
fn SysTick() {
static mut COUNT: u32 = 0;
static mut STDOUT: Option<HostStream> = None;

*COUNT += 1;

// EEMIERL
if STDOUT.is none() A{

*STDOUT = hio::hstdout().ok();
}

if let Some(hstdout) = STDOUT.as mut() {
write! (hstdout, "{}", *COUNT).ok();
}

// BEE, EBON—RU T 7 TRITITHeIF if 7OV IZHIBRLTRIV, &5 TRIFNIK.
/! TINYADFRBELRIREICHRZ TL & 3.
if *COUNT == 9 {

// QEMUZ O R =8 TLET

debug: :exit(debug: :EXIT SUCCESS);

}
}
tail -n5 Cargo.toml
[dependencies]
cortex-m = "0.5.7"
cortex-m-rt = "0.6.3"
panic-halt = "0.2.0"
cortex-m-semihosting = "0.3.1"

$ cargo run --release
Running “gemu-system-arm -cpu cortex-m3 -machine 1m3s6965evb (..)
123456789

Discovery R— R TZDI— RZE1TT S L. 0penOCD AV —JLICHNZHERTETSTL &
S, FOTZLIE ATV R ICERELTHRELELEFEA.

342. FT72ILEFIANV RS

exception 7 FJE 2— FDAEBICIToTWVWB Z CIE FEDHINEZMNIZET 57T 7 + )L IS
NYRZDF—N—F4RTY, FEDHFNMIOVWT. NI RZIZF—N—F4 RLAWVE
&« DefaultHandler BID Z DHINZMIEL £9, DefaultHandler BEEIETECDED T,

fn DefaultHandler() {

loop {}
}
C DRI cortex-m-rt 7L — MC K> TRHEINTE D #[no mangle] EX—T TNTULE
Fo Z£DT=8. DefaultHandler] ICT LA IRA > FERET D LHTE FUBOHIN%Z
BIRTDENWTEET,

exception 7 hJE a—kr%ZfES Z ¥ T, DefaultHandler A —/\—F5 41 RTZET X7,



#[exception]

fn DefaultHandler(irgn: 116) {
/] NAZALTITAHILENV RS

}

irgn 5|1EIE. EOHADMIBINT VWS hERLET, BODEIE. Cortex-M OFIANHUIE S
NTWBZrZEKRLEYT, YOFXLIFEDEIF. TN\ XAEBOHN. T§HRHE. E|DAH
PIBENTWE . ZRLTVWETD,

343. N\—=FI7x=ILbNVFS

HardFault %M. D LRI T Y. COFAINE. 7OT S LDRELGREICE S TGEICEEL
X9, EDH. CDNYRFIEVEA—2FT BN TES REEIEZSI T I 0laEM
RHDFET, FVRALIL—FE TNYIMZELETZ=HIC. I—HFEED HardFault
N RZHAFDHINBZFIS. PLAFEZLET,

Z DFER. HardFault /\> K Z|d. fn(&ExceptionFrame) -> | DT R F v ZIFONBEHLH D £
T NYRID5|HUSE. FINMCKE>TREYIICT Y adThic LI REZADRA VR TY,
NS5DLRARIE AN REL BB 7Oty Y XT— DX F Yy T3y ETo/N\—
F74+—ILbDRERZEEZILEDHZDICEFITTY,

RERIREZIT 52T LE T, FELBVWXEIMNEANDGHGHAAA T,

AR . COTOT T LI QEMU LTS F<ETFEA. 2FED. 75y alFtHAo
gemu-system-arm -machine 1m3s6965evb [EX E DFAAAHZF T v I LRWVWIEDH. ER
BAEVEZHAAL L. EWICH, 0 ZIRLF T,

#![no_main]
#![no_std]

use panic_halt as ;

use core::fmt::Write;
use core::ptr;

use cortex m rt::{entry, exception, ExceptionFrame};
use cortex m semihosting::hio;

#[entry]
fn main() -> ! {
/] BELBWAEBVNMBEZRAAAET
unsafe {
ptr::read volatile(Ox3FFF 0000 as *const u32);

}

loop {}
}
#[exception]

fn HardFault(ef: &ExceptionFrame) -> ! {
if let Ok(mut hstdout) = hio::hstdout() {
writeln! (hstdout, "{:#?}", ef).ok();
}



Loop {}
}

HardFault /\> K Z|&. ExceptionFrame DEZRTIRL £, EITI S L. OpenOCD AV —
WERDESBREANMEZBTL &£ Do

$ openocd

ool

ExceptionFrame {
ro: 0x3fffooo00,
rl: 0x00000003,
r2: 0x080032e8,
r3: 0x00000000,
rl2: 0x00000000,
1r: 0x080016df,
pc: 0x080016e2,
Xpsr: 0x61000000,

}

pc DIEIF. FIAREROTOTSLATYZDIET. HINZ5ISEC LicisfmZziELTL
95

TOVILDTARATEVTIVERERET T,

$ cargo objdump --bin app --release -- -d --no-show-raw-insn --print-imm-hex
(..)

ResetTrampoline:

8000942: movw ro, #0xfffe

8000946 movt ro, #Ox3fff

800094a: ldr ro, [ro]

800094c: b #-0x4 <ResetTrampoline+0xa>

A— s (udr re, [re]) DMANZRESELZCHADOIDFT,
FLT.COED ro LY XA DMEIE. 0x3fff_fffe TIo _ DB, ExceptionFrame D ro 7« —
IR E—ELFT,

3.5. E2IDAH
B|DIAAIIRLABRTHNCBVWETH, ZOEECFERAEIF IFEACRLCT. RALCEID
AADA PO—ZICE>TUIEBEINE T, FIAND Cortex-M 7T—F T I F v TCERSNTWLDS
DICXF L. BIDAHIE. BREEEEDOEAICEVWT, BICRVH (b2 ES3FvY) B
BDRETY,

BDRAHIF. BEBEVAZ LIS L TEIRICBBL SNBIRLLBRIEEZERICANTL
9o AETIH. TDOLSBR/EBREVGITHRATT, LHL. RORUBETZIczdH

#BHLET

« BIDRAHIE. NV RFSORTIEFZRDZ TOT 5 LRIGEBEBEEZFEE T,

c BIDRAAIF XA ETVIO TS UDERET . DEDBIDRAHNY R TDRITIE &
D@%F@EU%DQ&E%D&&M%%@ﬁ&Dii

- BE. AIDRAHERIZ. BIDRAHNY R IHERICBFVOHELEINBVWESICTBD. 7
D7 SNBRBERHD £,

TR LTO—RNBIEEFIEL. EICRILTY,

« REREFICHDIAABEREZRITELSIC. RUTTIIILERELET
cBDIAAFOY FO—FTEDRAANY RSOBEEZEY FLET
« EIDAAOY FO—FTENIDAHNY RS EBWMELLET



BN RFRIC. BINNY R SZEE T BD/HIC. cortex-m-rt 7 L— k&, interrupt BEZ 1R
HLTWVWEY, FATEREDAA (FLTEDIAANY RS T—TILTOERE) I&. BE.
svd2rust ZE>TSVD A 6 BEEMINE TS

Instead, you should use the re-exported version of the interrupt attribute provided by the device crate
(usually generated using svd2rust). This ensures that the compiler can verify that the interrupt actually
exists on the target device. The list of available interrupts—and their position in the interrupt vector
table—is typically auto-generated from an SVD file by svd2rust.

rust
use lm3s6965::interrupt; // Re-exported attribute from the device crate

/] BAR2ENDAADEIDIAANY RS
#[interrupt]
fn TIMER2A() {

I -

/] BELEIDAAERDERZI VT LET
}

ZNDRAANY RS BEOBABDEISICRZ. FAIANY RIICEUTVWET BIEHARVWC
ZERWTO) o LA L. BIDAAHNY RTIE FRBEFUCH LRNDISH. 77 —L7T 7O
DERHSBEHEEVOHTENTEEFFA. VIRV T7TEDAAERZIRRI L. BIDA
ANV RIADEXZREEIE S CIEAEETT,

BINNY R ZERBRIC, BIDIAH/NY RTHT static it EHZES L. REZZ2ICFREF
TBREDNTEFXT,

#[interrupt]

fn TIMER2A() {
static mut COUNT: u32 = 0;

// “COUNT [ &mut u32  DEZF->THDH. TOEBIFRELTT
*COUNT += 1;

-

CCTRLIEBADFMRICOVWTIE, A EI 2 3 v ZBRLTTFE L,


https://docs.rs/cortex-m-rt-macros/0.1.5/cortex_m_rt_macros/attr.interrupt.html

4.RJ7x7)

4.1. RV 77l fmh ?

IFEAEDIA 200 FO—SIFCPURRAM, 75w aXEYUNDEDEF >TLE
9, ¥A702>bO—ZE> VAV EICEROEI S 3> ZF->TED. 20t 3>
F. Y2703 FO—SDONDIRTLERDERDLIED. Lo —PE—%—3> O—
T, Fl3TAATLAMBHLLIEF—AHR—FRDELSRE2a—I V12T —RICEL-TH
RPORFRECEENELIIEEBENICPOIRD 33 7HICERAINET, #A5DndY
A= MIFEHTRV T IILEEIEINTUVET,

NEDRY T TIISERTY, BEARSIE HREIEIRY 7 IIIINEX A 70—RY
B EDAIREICHR BT ETONIEBEZY T NI T 7 THIOUEN G BDET, TRI by
THRREENT ST v IMBEETAD—RICATO-RTB3DOLREILC &L SIS, HAAHRFRE
BIEF—EDRRAIER) T TIIIICATO—R LT, CPUDKREZMOEERC EICE- T
D, BENEENTRDICAH LEBVWLSICTEIENTEFET,

1970 FEAH 1980 FRDIBROREA I E 2 —2D X 1 VEIREREZ BN (EEIC. B
DTAY Yy TPCIFESHDBIAAS AT LESIZEEWVWEHEA). ROBDOEBICTSIET
T,

- FOtvYy

« RAMFvY/

« ROM Fv 7/

.o bO—3

RAMFY . ROMFv /. /0> rO—=F (COIRATLDRI T IIL) IFTNZ1 LT
MoN3—EDUYAREEFEzEL TFOL Yy FICERINTWVWATL LS. 7 RLX/NRIE
7O YyHHBNRLEODEDTNAREBELIEWHZEIRTSZ 7 RLABEREZED. T—2
NRIE REDT—RZBUVE T, fHiAATr702> bO—FICEVWTH. B LEREHLER
INEFT, FNEIETHLID20YV U AVKICEDIAEFNTLWR WS ZETY,

LA LA S, Vulkan X° Metal, OpenGL7%RE DY 7 b I T 7D APl Z@BERFDITZ T4 v
A—REEFBEBD RUTIIIWNRBEAEVFvIIRvEYTENTEN—FD T T1Y
A—T71—RELTRA70O00> FO-ZICR2HATNTVET,

4.2. FBRAXEVUZERM

NAU0O3Y FO—35 T3, 0x4000 0000 X° 0x0000 0000 DX SHEBD TV FL RICT—X%
ETAT L. BRICEHBITATLL S

FRIOMYFIORAFLTIE XBEUTI7EREIMMU (XEVEEBI=Y ) IC&>TERIC
BIEEINTUVWET, COAVR—RY MEI2DOFELREBEZF->TVWET, XEUDEI > T
IADT U ZERDES] (H2TOCIDROTAOCLIDXE) ZHAHAHLIEDEELL:
DTERVESICTB). ELTYIEBXEIDEIA N EY T MO 7 TERAINSREX
TUSERICBYYEYITB3IETY, Y1700 bO—JI3EEIE MMU 279 KbH
DICY IR T7TYIRT7RLRAODAZEFERLE T,

2EY Y2703 FO—3130x0000 0000 D5 0xFFFF_FFFF DIFFZAET R L X R %=
5F9H. TNSEKIEBEDHEE. ZEBOXEVDOLHICIFZOHEHEOKEFAONAT
LHOMERLEEA. CHIZEKDDEBDDEDT RL AE[HED £, IOETIE. RAMD
0x2000 0000 D7 R L RXICEEETNTWB Z EICDWTEL £ L B LH RAM D 64KiB DE
TS5 (ThRHE. KT KL XH0xFFFF) . 0x2000 0000 15 0x2000 FFFF DY RAM D77 K L



RUICHIGEL £, 0x2000 1234 D7 RL RXICHZEHICEZT AL . WAESTIE7 FL XD EAL
B (CDOHITIE 0x2000) ZHEHE L. 7 KL XD TFAERD (ZOFITIX 0x1234) ICEEATE 3
FESICRAMZ TV T+ TICLE T, Cortex-M ICHEWVWTIE. 7T w2 ROM D 0x0000 0000 H
5 0x0007 FFFFDT7 RL XICIYvE>YIEINTWET (512KiB D7 T 2 ROM B > TLY
2%E8)e CcNBE2DDBEIHDRICTED AR—XAEZLTERTZDTIIHL, KoDIZTT1Y
Od> bO—ZORAEIIFEDXEVRBICRV I TIILDAVRA—T T —A%EIvEY
JLELT CIFRDESBHDICED £,

nRF52832 Address Map Cortex M4 System Address Map

OXFFFF FFFF nRF52832 Address Map
0XE010 0000
ox EOFF 0000 ROM Table - System
UXEUUA 2000 External PPB —_
X
OxE004 1000 ETM Private Peripheral Bus - External
X oee2 n n
TPIU e Private Peripheral Bus - Internal
0xE004 0000 - .
0xE004 0000 Reserved : I 0x6000 0000
0XEO00 FO00 SCS i
0XE000 E000 External device 1.0GB / Reserved
Reserved /
0XE000 3000 PB /
/ AHB peripherals
0xE000 2000 DWT ‘ perp 0x5000 0000
0xE000 1000 ™ 0xA000 0000 / Reserved
0xE000 0000
0x2000 0000 / APB peripherals
Reserved /
OIcR External RAM ~ 1.0GB | ! 0x4000 0000
0x1000 1000 /
Reserved
0x1000 0000 FICR
Reserved ) 0x4000 0000
0x0081 0000 Peripheral 0.5GB |
Code RAM
0x0080 0000 Reserved
Reserved SRAM 0.5GB
0x0008 0000 0x2001 0000
. Data RAM
Flash Code 0.5GB ) 0x2000 0000
0x0000 0000

Nordic nRF52832 Datasheet (pdf)

43. AEVUIY TR - RUTxI)

—B338. INEDRU T IIILEDRDEDIFEETI, ELWTF—XZIELWIRL X
ICEZTATKIT T AIRIX 32EY hT—RZDUFZIAR—bETEETBZILIF 32EY
FO—RZEFEDXEVFZRLAICETALCCCERILK S VWEENICADEEXY, U7
IWR—bF - RUTIILSEBNICT—R 5| ERITTEELET,

NSRRI FIINDEREICOVWTHRICESICEELE T, RUTIFILDREZTD
THODBEBEERRHLDIC. N—RUTT7 APLE LTHRET S XEY Fr o IhRAINE
T, 0x8000 0000 % SPI EHEDREL P ARICETAL & SPITR— ME 8Mbps TT—R %%
E93L5I1C8D ET, 0x0200 0000 Z[F L7 KL XICEZFIAD &, SPII 125Kbps TT—X %
EETBDELEDICEBDET, CNOLODHREL P REZE &> ETEITRTAHF T,


http://infocenter.nordicsemi.com/pdf/nRF52832_PS_v1.1.pdf

31.6.8 FREQUENCY
Address offset: 0x524
SPI frequency

Bit number 313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

Id AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Reset 0x04000000 0 0000100000O0O0O0DO0OO0COOOOOOOOOOOOOOOO
Id RW Field Value Id Value Description
A RW FREQUENCY SPI master data rate

K125 0x02000000 125 kbps

K250 0x04000000 250 kbps

K500 0x08000000 500 kbps

M1 0x10000000 1 Mbps

M2 0x20000000 2 Mbps

M4 0x40000000 4 Mbps

M8 0x80000000 8 Mbps

Nordic nRF52832 Datasheet (pdf)

TEUTI)EE P CERE Rust BE EDEBIMEODNELS LD TDM U Z—T 1 —XNYE
DESICERTBIMIN—F T I TICE>TEDHSHNTVE T,

4.4. RYIDEHAH

44.1. LY XA

SysTick RIUTTIILERTUVWEFFL & S0 SysTick I& Cortex-M YOt wH « A7ICHEEH IN
TWBY Y TIINBEARI—TI BRI FYTIA—HN—DT—E— T IZANLIT 7
LYARZa7ILTINEDRU T IIINDBRZFANZZECNTETZDOTITH. ZDfIIC
HLTIEETD ARM Cortex-M A7 THBEDHDTITD T . SENFARMI 77 LV AYZ a7
IEBTHELLD, FIICIE4 DDLU RAEZDEH-L>TUVETD,

v A LY &nFA e
0x00 SYST CSR | fHIBE LU RT—R AL RZ |32EY b
0x04 SYST_RVR DO—FELS XA 328y k
0x08 SYST_CVR REBLIORXR 32wk
0x0C  [SYST CALIB | ¥+ TL—>aVELY L [32Ey b

442.C77A—F
Rust TH. struct Z{E>TCCYRILAETLSRAADESEEHRICKRIEIT DN TEE,

#[repr(C)]

struct SysTick {
pub csr: u32,
pub rvr: u32,
pub cvr: u32,
pub calib: u32,

}

#[repr(C) 1MEEIFIERust AV /NI IR LT COBEREZCOAVNTI T EELCKLSICKAEVIC
LAT7I0T3ELSICHERLET, CNIFETHEERIETY, BREAS Rust Tl CIC
BOLWTIFITHONABUVBEERD 7 —IILROLOEIDFINTWVWEHTY, VN1 I
SO THBEADSBICHEBERD T4 —ILRALVEZISNZ ZCICED. TNYITETBIED
ICBB IR TEEITLLD ! COBMFEEC LT . 4D20REY MDETr—)L
RigESEDTF—TILICHINTITENET, I LHBEBA. D struct ITEFNBERTIZMAD
BICHIUBFEFH A ROKSICEHE LTHESHRELHD £,


http://infocenter.nordicsemi.com/pdf/nRF52832_PS_v1.1.pdf
http://infocenter.arm.com/help/topic/com.arm.doc.dui0553a/Babieigh.html
http://infocenter.arm.com/help/topic/com.arm.doc.dui0553a/Babieigh.html
http://infocenter.arm.com/help/topic/com.arm.doc.dui0553a/Babieigh.html

let systick = OxE000 EQ10 as *mut SysTick;
let time = unsafe { (*systick).cvr };

4.4.3. volatile 77t X

EERDRDAICIE. WS DOHEELHD 95

1. RUTZIIICT O RTBDICIFBET7 V-7 %2 FHE < TUIERD £FE A,

2. EDL S AADFHAMODBERETEDL PR AW RAEZIARENEIEET D HEDHD £
Ao

3. 7O LARAQEDD—RHOASTHIDBEFRZELTN—RITTZICFIEZIATETL
FUOWEY,

4 ROARFLRILIE. TOO—RIFERICIEBELARVWEWVWS ZETY ..

CC CHECRZDIE. ANAITHEBEVWEWVWS ZETY, [ELRAMICHEXRWT 2EEFIA
L AVNRAFIERFINUIKOE RAIDETAAZTLRICAFTFYTILET, CTIE 27TD
HAETHERLIEDICTTONE CEZRET 2701, volatile BUEEIFZ ZEICDIT
BENTEFEXY, Rust TlE. BHTIFH L 772 RIS LT volatile Z DI £ 95

let systick = unsafe { &mut *(OxEQ00 E010 as *mut SysTick) };
let time = unsafe { core::ptr::read volatile(&mut systick.cvr) };

CNT4DODOBEDSB 1 D2ZBEE XL LHL. T5ICunsafe ROA—RHAHOD £ ! =
WERZZIC, CNUICHUTESZH—RN—T1& DI L — b volatile register BHD £ T,

use volatile register::{RW, RO};

#[repr(C)]

struct SysTick {
pub csr: RW<u32>,
pub rvr: RwW<u32>,
pub cvr: RW<u32>,
pub calib: RO<u32>,

}

fn get systick() -> &'static mut SysTick {
unsafe { &mut *(OxEOQO0O0 EO10 as *mut SysTick) }
}

fn get time() -> u32 {
let systick = get systick();
systick.cvr.read()

}

CMNT read & write XV RZ@EL T volatile 77 A BEMICITTHONE L SICHED XL
Tce ETAAZEERITITADIEE T unsafe TIo LD L. AFZRHTBOHICE S /N\—RT T
TISEEARERREDE XD THE-H. ENEADEZTIAADERICELEHBOHNESH &
AN OB FEIFSBEVNDTY, FDeH. CNIFEERZZC LTIFELBEWVWTL £ 5,

4.4.4. Rust DI\
A—HHLELIIFVEEZ LSS TDstruct ZELATVY—D API TSy T 3HEHHD
x99, RSANDEECLT. 7>oE—7%80—FRAELWI CZFEHTHRIEL. 2—H %
DRSANEZFERTZETOETZZCHBEVLSICESRAPIE LTIREELEY, (2A—
ISRESNIHDOHELVWEEELTUVWET )

— Bl EFET


https://crates.io/crates/volatile_register

use volatile register::{RW, RO};

pub struct SystemTimer {
p: &'static mut RegisterBlock
}

#[repr(C)]

struct RegisterBlock {
pub csr: RW<u32>,
pub rvr: RwW<u32>,
pub cvr: RW<u32>,
pub calib: RO<u32>,

}

impl SystemTimer {
pub fn new() -> SystemTimer {
SystemTimer {
p: unsafe { &mut *(OxXEQQO0 EO10 as *mut RegisterBlock) }

}
}

pub fn get time(&self) -> u32 {
self.p.cvr.read()

}

pub fn set reload(&mut self, reload value: u32) {
unsafe { self.p.rvr.write(reload value) }
}
}

pub fn example usage() -> String {
let mut st = SystemTimer::new();
st.set reload(Ox00FF FFFF);
format! ("Time is now Ox{:08x}", st.get time())

}
COPHOAOREIF. ROI—RHAIVNA TRICRITANSNE LT,

fn threadl() {
let mut st = SystemTimer::new();
st.set reload(2000);

}

fn thread2() {
let mut st = SystemTimer::new();
st.set reload(1000);

}

set reload BAZNIC smut self 5| ZE T T, TDA VAR AD SystemTimer HIEA& (XS
TRIMODEBNALVWCCZHRLEFITH. 2<EALCRV T I/ %ZIET 2 DED SystenTimer
BERZI—HIMEZ ZCIFLEOSNFHA ' COLSICENMNEEI—RIZEENINSD
BELT) RTANDA VAR RAELTRDITZADICHRICBLTHNISEMET 2 TL &
SH. —EdA—RHIMEHDE 21—, RS1/\. HFE. FLTHIZE- T TS . C
DEDEEVWHACEALAADAAZRTLLBE>TVLEXT,



4.5. S a—27IL T/ O-/NILIRIRE

BRRBD5.N—RO T T7IIERMICI 2—2T)LTH/O-NILEBREICHED FHA. ZN
I Rust DEAREBEICE > TIERICBALWVWIETY, N—RUT7IEFEHMINI-O—ROBEL
I LTHEELTED, HEOHAHLNSWVWOTHEEINBDAGEMLH D £,

451 AZIL=ILETEINEH?

EDTNULINSDRU T T IILEHERICPDERDTEZDOTLLS ?

1. WO TBIHDHDEBVWRDTTIILXE)DHFAEZTICIE. ElC volatile XV W R%E
EARALTLIEEL

2. VTR ITTTIE. TNHEDORI T IIIADHFEAFROEBERT7I7E X2V DODTHHET
IBTLELD

3. BBV IV THBZIRV I IIINICHRAEZDTI/ECRZT3H51F. €DV Tk
DITIE. RUT I SIADHE—DBRBEFONETY

452. fBAFxTvh
TFEFEEDIL—IILDORED2DIFE. BRAFTYvADIToOTVWBRZEIZELVLWSSEWVWELELEIT
WE 9o

RVTIINORBIEZZEELICD. RUVTISIADAIa—2TIINEIFIa—2T)
BERZRMBLIEDTETZON. 2BELTAHTLIEEL,

FNIEIAIEET S, 7=ffl. BAF T Vv ADELL RV 7T I IILOFRBIECESEBZ RS DI
IE. BRUTSIDFE DAV REVRIEHEFELIDICTZIHELHD £9, 5 F1UL. Rust
FCNEELLIRZE T, EVAICICN—RIITZICEVWT.FEDODRY 7T IIILDA VR
RUZFL1DEFLLHD FHA LA L. ESTHIEENZEZ I—RDIEEE LTHHEICTE
AdTL&ELOM?

1.6. T

VISIITIRICBEWTL YT NE—=2IFTFADA VAR b2 1 DD
FTOx I MIHIRTBTHA 2 NEZ—2TY,

Wikipedia: Singleton Pattern

4.6.1. BEITO—-NILERIZEZBVOD ?
CDESIC. ETENT VY IDDREATAVIICTEREDTEET,

static mut THE SERIAL PORT: SerialPort = SerialPort;

fn main() {
let = unsafe {

THE SERIAL PORT.read speed();
+s
}
LHL. SHUSIEWK DD RBEEDR DD FY, CNEIa—F2T A7 O0—-NILEHRTHOD.
RustiCEWVWTIF CNHER DD TEHDIFEICT>E—TTY, CNHDERITOT S L
DeFzBLTRAZILICAED, DEDENIEBF T v ANNSDOERDOESRCRE
HZEBMTDDICRILILBLSBBZIZCZRKLFT,


https://en.wikipedia.org/wiki/Singleton_pattern

4.6.2. Rust TIIES5935H?
BIIRDZ7zIILEIJO-NILERIZTZ2RKDODIC. EXRJTTIILEIC option<T>Z2 FL
PERIPHERALS ¥ MEEN BT O—NILE#H=EZZICLET,

struct Peripherals {
serial: Option<SerialPort>,

}
impl Peripherals {

fn take serial(&mut self) -> SerialPort {
let p = replace(&mut self.serial, None);
p.unwrap()
}
1
static mut PERIPHERALS: Peripherals = Peripherals {
serial: Some(SerialPort),
3T

COBERICE DT RV T TIILOBE—DA Y REAVIADBEBTETEL5ICHEDFET, HL
H take serial(VEZEHEIMFUHZES cTNIE. I—FRIINZYITBTLLS,

fn main() {

let serial 1 = unsafe { PERIPHERALS.take serial() };

// CHUENZyILET!

// let serial 2 = unsafe { PERIPHERALS.take serial() };
}

COBEEZ D DED (X unsafe ICIZHRD FITH. —EZ DEBEFRICE FMN D SerialPort &
BELTLEZIED S unsafe X PERIPHERALS IEEAXREF S MEIZL<HD FH A

CDHZETIE. 7> a3 > BRI serialPort 181518 % 5w L. take serial()Z—E J1—
IWTBREARH B, BITRINTBA—N—A"AYy REBDZXEY, LHL. ZOP4DOR
FZzEIHWTBZET. BODOTOJSLATREBEF Y HZFMATESRLDICRZDTY,

1.63. BFEDOSA1TFVICEDTHR—-F

LEEDI— R Tld Peripherals IBEERZED X LD HRI-OT—RTHRILELSICT B4
Bl EHD FHA. cortex mZL—MIINEREEKDZ &% LTLMNB singleton! () E I
3 V0ZZFATVWETD,

use cortex m::singleton;

fn main() {
// “main’ B—E7REF LHAERITINAITNIEOKTY
let x: &'static mut bool =
singleton!(: bool = false).unwrap();

}

cortex_m docs

Additionally, if you use cortex-m-rtic, the entire process of defining and obtaining these peripherals
are abstracted for you, and you are instead handed a Peripherals structure that contains a non-
Option<T> version of all of the items you define.

// cortex-m-rtic v0.5.x
#[rtic::app(device = 1m3s6965, peripherals = true)]
const APP: () = {

#[init]

fn init(cx: init::Context) {


https://docs.rs/cortex-m/latest/cortex_m/macro.singleton.html
https://github.com/rtic-rs/cortex-m-rtic

static mut X: u32 = 0;

// Cortex-M peripherals
let core: cortex _m::Peripherals = cx.core;

// Device specific peripherals
let device: 1m3s6965::Peripherals = cx.device;

}

464. LHLGBHE?
LHL. S50 YVTILE YD Rust DOA— ROEMEICED LS BRIEBBELREVNVEDH 5T D
TL&OH?

impl SerialPort {
const SER PORT _SPEED REG: *mut u32 = 0x4000 1000 as ;

fn read speed(
&self // <------ CHIEAESHIC. KEICEETTY,
) -> u32 {
unsafe {
ptr::read volatile(Self::SER PORT SPEED REG)
}

}

CCICIF2DDEERERDDHD T,

c VTR EFERLTUVWST®. SerialPort iBERDEIGFEECIBFAIE 1 D/EIFICAD
x93,

« read speed() XYV W RZMIERT=ICIE. SerialPort IBEERDAIEIED L IIBBZHFOMNE
NHO F9,

CNBED2DODERZFCHZ . BRF v HZEYISHKERLELTWBREEDA/N—RT T
FICTOEATERCEZEMRLET, 2FED . ACLN—FRI7ICRH L TERDZ 2 —427
IWERBBZIFOZCIEHD FH A

fn main() {

// “self ADBEHAROHND FHA, CNIISELHFHTEE A,
// SerialPort::read speed();

let serial 1 = unsafe { PERIPHERALS.take serial() };

/] POEXTEZHDRETHRABEIENTEET,
let = serial 1.read speed();

}

4.65. N\=FOx7&2F—2D&S5IH’KS

MAT. WSODDEBIFZT2a—FTILT, 1W< ONNEA T a2a—2T )L E=H. BEE -
IEXYV Y RDBN=—RITT7OREEZEETEIEINESHEHRT D EHAIEEICED T,
COBBIIN—RITTOREELTECETET,

fn setup spi port(
spi: &mut SpiPort,
cs_pin: &mut GpioPin
) -> Result<()> {



70 ooc
}

COXVY RIZEETET I A

fn read button(gpio: &GpioPin) -> bool {
I aac
}

CHICED, EITETRERACAYNTIBICO—RAN—RI T T7ZEETIHNESH%
BHEITEET, FERE LTI EBEZOEHISVOEDDT TV r—o 3 VR TOHEREL £
Fo RTAZINDATLICEVWTII. VI I 71302207 ) r—>a>icavN1IL
INB37H. THUIS—RERICIZFIRIICIZAED 2 A



5. BREVZRAE

OAVNAILBICT—RHEEE S DIE Rust DB X7 LT (Send & Sync kLA FEBE),
CHDEZTFLIE AVNAIRICMBO TONTa ZF v I TB-DICHFERTETEXT, ¢
DER. BTRF v I/OREMZRSEZHBEDHD T,

EAB 7055 LISER T 3HE. CNSORNET Ty 7. FIRIE AN 87—
ZNELCRESNTVB S LERMT B ENTEET, ARIE ERAINZELERA
CRET B LIS S TOH S U TIA YR T T— R TE 5 & > 5 APLREHHET A
7,

ELLERESNIRIYTIIINTDHA. EXZO—LRNILIZTEEVWD KOBIRENTES
Ct%, BNICTFIVvIITBICHEBETI AIXIE. 70—T1 YJANE-RICKESETN
TEEVDOHITREZEELLSETHE. AVNAILIZT—HEELE T,

UBIOETRED. FREMEOERIEIRY 7z IILICHBERTE X9, FAEEIX. 70554
DFFEERDHADRI T I EZEEITBZcZFLELET, COT7I7ERXO> O—ILIE.
R7xINWEITO-NILTI2a—2TINBREE LTHRSKABRCHEBKLT. VYI7hUx
T O E KDEEICLED,

5.0. BRETIOI5209

BEURREDOBIRIE. 720 FORTEORKREICET 3BHE. TOA T FORICTY
JO—RIBIZHALTVET, ChF D LEBICBZETITH N Rust DE LA — /82—
ZEoIcC e BB S BUCBRETOT I VI 20RO TVE T,

pub mod foo module {

#[derive(Debug)]
pub struct Foo {

inner: u32,

}

pub struct FooBuilder {
a: u32,
b: u32,

}

impl FooBuilder {
pub fn new(starter: u32) -> Self {

Self {
a: starter,
b: starter,
}
}
pub fn double a(self) -> Self {
Self {
a: self.a * 2,
b: self.b,
}

}

pub fn into foo(self) -> Foo {
Foo {
inner: self.a + self.b,

}


https://doc.rust-lang.org/core/marker/trait.Send.html
https://doc.rust-lang.org/core/marker/trait.Sync.html
https://en.wikipedia.org/wiki/Typestate_analysis
https://doc.rust-lang.org/1.0.0/style/ownership/builders.html

}

fn main() {
let x = foo_module: :FooBuilder::new(10)
.double_a()
.into foo();

println! ("{:#?}", Xx);
}

COFITIE Foo A TPV F A2 EHEEDHEIIHD T A BER Foo AT U M ERE
I BHEIIC. FooBuilder Z1ED. IEL K #IEHME L RIFTNILAED £H A,

COER/NMNEDOHIE. 2 DOREZT>IA—RLTVET,
« FooBuilder I, TRFZEI] HLIF T/BEPF] OREXRIFELZXF T,
« Foo l&. TEREFEH1 L IE EFRERTTI OREZEKL XY,

5.1.1. LA

Rust [FFEWVWET T AT LZHFO>TWVWET, Foo DA VARV AZBEED L SICIER L 72D,
into foo() XYV v RZMUH T Z &% LIC FooBuilder D5 Foo lICE#AL =D I 3 BB HE
IEHD FHA. THIC. into foo() XYV w RiE. )T F )LD FooBuilder iBEAZ HE L £
T I FILWA XA RZERLABVWE. BRENTEAVWCEZEKRLE T,

CDOZEICED PRTLDREZRI LTRIRT B eHalgEIcBED £9, £ LT REE
BICWERT7O a e, HARCHDBEZRBETEIAY Y RICBIDAND DN TEX
9o FooBuilder ZIERL L. Foo AT TV MIRHTZ T BEXAMBRRAT—FIT VDR
TvTZRTEFF LT

52 A=k LTORUTZ7 I
JA4o70O03>b80—-Z0ORY T zII)IFE. —EBORT—FIIVELTERRZEDTEE
o FIZIX. BERRILEI NI GPIO EVDRREIF. ROREV) - LTRIZENTEET,
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CORVITTIIDENE—RDSWREDETDE. AL BERE— RICBITITBICIE. RO
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2. AN TNATY

BILKSIC AR FNEI Y ERESNTUVSB GPIO EV R, BA NAICTBICIE KD T Y
TERITLAITNLED £tH A

L. AR FTINETY

2. A LTERE

3. HAOC LTEE

4. A N\A

52.1. N\— R T 7DFRHR

BE. LEEORREIX. GPIORD 7z JILICEIDHTOENEL P ARIEZET AT I THR
ETETFEXY, NEHATBDIC. BZEDOGPIORELCAZEZEERZLETL & 5o

$aHi EvhcTos—ILE |fE| BB B
0 | disabled | GPIO ZEXNICT B
enable 0 —
1 | enabled | GPIO ZBXMIZT S
o 0 input | ARAZANICEKRET S
direction 1 —
1 | output |AMEZHAIIKET S
00 [ hiz | ANZERENICKRETS
. 01 | pull-low | AHEVIZ TN IS
input_mode 2.3
10 | pull-high | ABDEVIEFILT v T3
11 n/a ﬁ&b@){ﬁﬁ?o ;&Ebﬁb\: 2:.0
0 | setlow |HAE>ZO—ICT 3
output_mode 4
1 | set-high | HAE>ZNAICTS
: : AND 15V K DEIFHUIF 0. 1.5V A ETH
input_status 5 X in-val U 1

C D GPIO ZHEH T 3 7c8IC. RD K 57 Rust DIBERZ LEHTE N TEE T,

/// GPIOA>&ZTT—2X

struct GpioConfig {
/// svd2rustTHER SN 7-GPIOREMBIEA
periph: GPIO CONFIG,

}

impl GpioConfig {
pub fn set enable(&mut self, is enabled: bool) {
self.periph.modify (]| r, w| {
w.enable().set bit(is_enabled)
1)
}

pub fn set direction(&mut self, is output: bool) {
self.periph.modify (| _r, w| {
w.direction().set bit(is output)
3
}

pub fn set input mode(&mut self, variant: InputMode) {
self.periph.modify(| _r, w| {



w.input mode().variant(variant)

1}
}

pub fn set output mode(&mut self, is high: bool) {
self.periph.modify (| _r, w| {
w.output mode.set bit(is high)
1)
}

pub fn get input status(&self) -> bool {
self.periph.read().input status().bit is set()
}
}
LHL.CORETIF HIESLBVWL DX ZDEEDAIEICR >TL XUV E T A X IE. GPIO
EANCRELTWVWBEIC, HAE—RZRETRE. EO5HBBIDTLLD?

BE. COBEFREZFETZIE. LORXRT— MYV Y TEEINTULARUVIREICERETETL
FUOWET, FAIRIE. TILATVOENR. NTICRESNT=AS. TI,

CDAVATT—RFEZTIAAICIZERTID, N\— ROz T7EEICLH>TEDH SN
DI ZREFI L £ Ao
5.3. 5%51EEH

giEl. TN EEHEI LAV VR T T —REEZEX LT BEDGPIOREL P AE2%EDHS
_FE_ETyj“iL/J:DO

e2E]] EvbTZas—ILR|{E| =B Bz
0 | disabled | GPIO ZEIICT B
enable 0 —
1 | enabled | GPIO ZBEXMIZT S
o 0 input | ARAZANICEKET S
direction 1
1 | output | AEZHAICHKET S
00| hiz |ANZREMNICKET D
' 01 | pull-low | AHEUNITINE IS
input_mode 2.3
10 | pull-high | AAAEIEFILT v FICHR B
11 n/a ﬂ%é}]@'{k%"o DXA:EL/@L\L_ Z_o
0 | setlow |HAE>ZO—ICT S
output_mode 4
1 | set-high | HAE>ZNAIZTS
, , AT 15V KDEITFNUL 0. 1.5VIAETH
input_status 5 X in-val g 1

N=FRIx7ZESEICRKEZF v L RITKICERFTRNZEH T3 & - FIFRD &
SICEC LD TEFE D

/// GPIOA >R T xT—2X

struct GpioConfig {
/// svd2rustil & > THER S N7-GPIOREMEEHA
periph: GPIO_ CONFIG,



impl GpioConfig {
pub fn set enable(&mut self, is enabled: bool) {
self.periph.modify (]| r, w| {
w.enable().set bit(is_enabled)
});

pub fn set direction(&mut self, is output: bool) -> Result<(), ()> {
if self.periph.read().enable().bit is clear() {
// AEZERET BICIE. BIMEShTAITNERD FEA
return Err(());

}

self.periph.modify(|r, w| {
w.direction().set bit(is_output)

1)

0k(())

pub fn set input mode(&mut self, variant: InputMode) -> Result<(), ()> {
if self.periph.read().enable().bit is clear() {
// ANE—RZHRETBICIE. BMESNTRITNIEZEZD FEA
return Err(());

}

if self.periph.read().direction().bit is set() {
// ARAEAATHEITNIZERD FEA
return Err(());

}

self.periph.modify (]| r, w| {
w.input mode().variant(variant)

});

0k(())

pub fn set output status(&mut self, is high: bool) -> Result<(), ()> {
if self.periph.read().enable().bit is clear() {
// BEIFAITTRIFNIZEZD £FEA
return Err(());

}

if self.periph.read().direction().bit is clear() {
// ABEIEHEATERITFUIED £FHA
return Err(());

}

self.periph.modify(| _r, w| {
w.output mode.set bit(is high)

3

0k(())



pub fn get input status(&self) -> Result<bool, ()> {
if self.periph.read().enable().bit is clear() {
// REZEIE T BICIF. BMESINTRITNERD FEA
return Err(());

}

if self.periph.read().direction().bit is set() {
// FEBAANTRITNLED FEA
return Err(());

}

Ok(self.periph.read().input status().bit is set())

}

N—RO 70N ZRETZHENDHB1cH. KEEY -2 RET 3 DERTH
FIv =I5B D FAREBICES TIOI—RIIFELLBWVTT,

5.3.1. BYIRHEE
LH L. Ko DIZ, REBBDIRAEEEITB7-DIC. Rust DB AFLEFES L ESHBT
L&D ?CDBZRTTEIL,

/// GPIOA >R TT—R

struct GpioConfig<ENABLED, DIRECTION, MODE> {
/// svd2rustiZ & > TER SN 7-GPIOREMEEIK
periph: GPIO CONFIG,
enabled: ENABLED,
direction: DIRECTION,
mode: MODE,

}

// GpioConfig®MODE®D 7= DELIKEE
struct Disabled;

struct Enabled;

struct Output;

struct Input;

struct PulledLow;

struct PulledHigh;

struct HighZ;

struct DontCare;

/// TNSOBEBIZEDGPIOEVICHFERET
impl<EN, DIR, IN MODE> GpioConfig<EN, DIR, IN MODE> {
pub fn into disabled(self) -> GpioConfig<Disabled, DontCare, DontCare> {
self.periph.modify(]|_r, w| w.enable.disabled());
GpioConfig {
periph: self.periph,
enabled: Disabled,
direction: DontCare,
mode: DontCare,

}

pub fn into enabled input(self) -> GpioConfig<Enabled, Input, HighZ> {
self.periph.modify (| _r, w| {
w.enable.enabled()



.direction.input()
.input_mode.high z()
1)
GpioConfig {
periph: self.periph,
enabled: Enabled,
direction: Input,
mode: HighZz,

}

pub fn into enabled output(self) -> GpioConfig<Enabled, Output, DontCare> {
self.periph.modify(| r, w| {
w.enable.enabled()
.direction.output()
.input _mode.set high()
1)
GpioConfig {
periph: self.periph,
enabled: Enabled,
direction: Output,
mode: DontCare,

}

/// COBEIZOutputE VICERTEEY
impl GpioConfig<Enabled, Output, DontCare> {
pub fn set bit(&mut self, set high: bool) {
self.periph.modify(]|_r, w| w.output _mode.set bit(set _high));
}
}

/1] TNE5DAYy RiE. BMEINIcATIGPIOICER £
impl<IN MODE> GpioConfig<Enabled, Input, IN MODE> {
pub fn bit is set(&self) -> bool {
self.periph.read().input _status.bit is set()

}

pub fn into input high z(self) -> GpioConfig<Enabled, Input, HighZ> {
self.periph.modify(| r, w| w.input mode().high z());
GpioConfig {
periph: self.periph,
enabled: Enabled,
direction: Input,
mode: HighZ,

}

pub fn into input pull down(self) -> GpioConfig<Enabled, Input, PulledLow> {
self.periph.modify(| r, w| w.input mode().pull Tlow());
GpioConfig {
periph: self.periph,
enabled: Enabled,
direction: Input,
mode: PulledLow,



}

pub fn into input pull up(self) -> GpioConfig<Enabled, Input, PulledHigh> {
self.periph.modify(] _r, w| w.input mode().pull high());
GpioConfig {
periph: self.periph,
enabled: Enabled,
direction: Input,
mode: PulledHigh,

}
}

}

EFNTIE. ChZFESIT-RPEDLSICHBZD. BTHEL &£ Do
/*

* FIL D RBRED S BIEIMAL

*/
let pin: GpioConfig<Disabled, , > = get gpio();

// CHUSTEEHA. EVDBEMILE>TULEEHA !
// pin.into input pull down();

/! SER. REREHNSBEMANICEZTT
let input _pin = pin.into_enabled input();

// EVHoEZHRAET
let pin_state = input pin.bit is set();

// TNUFTEFEA. ABEVR DA VR T T —RAZH>TLEEA !
// input pin.set bit(true);

/*

* G2 D SIEMANDDS TILE TV AN

*/
let pulled low = input pin.into input pull down();
let pin_state = pulled low.bit is set();

/*

* B3 FILATAND S N ZRE

*/
let output pin = pulled low.into enabled output();
output pin.set bit(true);

// TNUFTEFRLA. HAEVE DA VR T —AZH>TLEEA !

// output pin.into input pull down();

CNUFEEWVWG L. EXOREZRETDIDICEFAGFETIN. BECDLSICTSHDT
L &S5H? Bt GpioConfig iBEARDH T, KRE%Z enun & LTHRET B ELDRVWAERDT
L&SH7?

5.3.2. AV NTILEBOEEED RS
AVINTILERIC, RN ERLICEBEIL TWA 0. TR IX IO FEA. ATA
BAOEVICH LT BHE—REZRETDEIIARARETT, KO DIC. ZOEVZHAEY



IS L THh B, BAOE—FERETAE T, REZWBZHRELHDFI, CDOHEMNITFT.
BAMETHIICIREOREZF T VI TR LICELBRETRRFILTaIE. HD FH A,
BOITFLICE>TINSDRERBRI SN O, COAMUETT—ROFABICELS
ITS5—DORWITHIIPELOTUVET A B LIBENFELGREEREZ LLSETDE.FD
O—RIEaANAILTEEEA !

54. FO3X MMAR(E

BAREBEIEOIX MARILOBNIAITOLHD £9, BEDOEHFZ. AVNIIILEOETD
L <ISHEMTICTEEN T BEET . CNESDERREIZ. RIEFEDOT—2%ZZATEST. A DI
R—AeLTELDNTVE Y, BREBIET—2ZZ3ATLRVED, TR XEURICER
DT—RIFHOFE A

use core::mem::size of;

let = size of::<Enabled>(); // ==

let = size of::<Input>(); // ==

let = size of::<PulledHigh>(); // == 0

let = size of::<GpioConfig<Enabled, Input, PulledHigh>>(); // == 0

541 A1 X

struct Enabled;

FROLSICERINBERZEOY A XDE, EHUET, ChiF. REDT—XZEA
TWEEA. CNSDERE. TUNAILERCIF TRERICI BEEL £ J. AIXIE. JE—B. L—
Tb. BRZMBCHTEEY, LK L. RBELLIEIINSZTLAICEDREFT,

ROA—FRRZRY b ZRTLIZE W,

pub fn into input high z(self) -> GpioConfig<Enabled, Input, HighZ> {
self.periph.modify(| r, w| w.input mode().high z());
GpioConfig {
periph: self.periph,
enabled: Enabled,
direction: Input,
mode: HighZ,

}

RI1TRE. R D{ED GpioConfig |&. FEL FEA. COFHZHVOHT . BE. 1 207>
TUMBICECHOENET, TDT7ETUMBIE. ERDL A2 EZ. LA ZDMUEN
BMLET, Cnd HELABERE V27—, FOIX MEARIETH S Z e 2 EIK
L &9, GpioConfig DIRREZIEHF T B7c®IC. R % CPU. RAM. J— FEEZEAE Y. E
BLORZT7OERXTZDERLEMEZRLET,
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BE. CN50HRILIE. EABODRETRAMNINE T, FHATNZETOIAYR—RY
AN EOVAIDETHBZBED. RITRICIE. BEFRE2EDNEFEELFEA,
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RIBILIF.EHBTY, COLSBIFE ETOREZERT 37HIC. XI7OLFATSE
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6. T HETE

FAARIBICEVWTIE, BHERIIHFBICERR FEYITT, 1 2OX—AD5. EhEhd
NIAPETOL I R T7I VPN ERBIRV T Iz RRELE T E43RU T
FILTIE RUTTIINERDEDTBFELEBRD XY,

CDEOTEVERINT 53— BHEEIF N— RO 7HRIEL 1V XIEHAL CFEN
BLAVEEATSZLTT,

N—RIz7HRIIE. TV 7 A—LEEOHESEZ T2l —>3 > LT 7O
LICN—RITT7VY —ZANEETIERATEIHEZRHTSZ. VILITT7O—ED
IL—F>T9,
EINESDIL—FODBN—RIITTADARL —FT4 2T ZF7L(0S) A— )L =18 1T 3
CET. 7O 57E TANRIKEET. aMeea 7 7V r—>2a>zEL DT
TEY
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ThoxT7HHDFEEA. 2BELTIDICAYNAIILENET 7—LIITAX—=ITH
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TIO—FTOHIELK KA TDAIEMIEHD TITH BENZHRRTZTODROENRT
TO—FTIRBVATREMEDHD 75

Rust TIFEDTADTL & DD ?embedded-hal T ETWEZFL & 3o

6.0.1. embedded-hal & & ?

—ETCEXRIE HALREE. FFAN. 7FV5=2a3 Y F &7 7—LY x 7EDORERK
TERITDILAMDEEDDIETY, TNSDOHRMIE. et (HBBIC L1 MHRES
NTULNIE. HALETIZZDO ML 1 FOEZIRELET) CXVY R (HB L1 +ZE
ELTWBRBRDATS IV M EERTENIE. EDORLA MIEENZ XY Y RHFATRE
THZEDMFIAESNET) ZFATUVET,

BB L A VISR, RDKSICHRD XT,
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Application

Implements

Board Support Crate Driver

Hardware Abstraction Layer Traits

Uses

Hardware Abstraction Layer Impl Driver

Peripheral Access Crate

Microcontroller

embedded-hal TEREINTWLWBRIWKDHDD LA FERLET,
. GPIO (AHAZEY)

« Y TILEE

. I2C

. SPI

« RAR/IAT T T

7O TIRIVER

embedded-hal FL 1~ FNSEZRELTHERATZ 7L — b 2HFOERIEBHAIZ. EM %
MRBETY, 77V 5—=2a3>DBN—=—ROxz7DOR) 7 I %EES - REFTTERL,
EBMTZ3N—RIJx7AVR—RVEFDRSANEZRELABRITNIERSBRVEEEEZ RS
. BRIAMIZIERICHIBEINE T, BHEMNICKRIBTDI . MHBRD T 5L HAL REDHE
T NDBARSANOEHETEZIARSIE. 2TOT7 TV — a3 TEHHEDBRBEEITS I LICH
DFxd, ZDHFEER. M'N DREHNKEICAD XY, —F. embedded-hal kL - b TRMHS
NZAPIZFES T, REDEMTIIMINICEZTLELS, BBEBRA. BEICERSINE
T ICHIATRER APLICK > TRITHIRZ RS THRE. MICHFRAH D £

6.0.2. embedded-hal @)1 —1
FEED & SIS, HAL ICIFEIC 3 DD I—HFHNE T,

6.0.2.1. HAL 23

HALREII. N—RIJITF7EHAL LA FDIA—HEDREDA VR T T —X2RELF I H
BB RETIZ. 3 DDOEOHDSERINE T,

c 1 DU EDN—RD T T7EBEDE

c FOESHBBOA T bEER L. FIHAL T 2% 2 < DHBE. BRABRREA T 3
VERBLTVWEYT EE. BIFE—R. FHEVAY)

« 1 DU EDFDEUINT T B embedded-hal D trait impl

D& 5% HAL RE(F. HRLBBELNHD XY,
cABLARNILON=F I T77I7ERELZ2HD. FIZIFLD XA



« ARL=TFTa VI RATLIZEZDHD. FlZRIL Linux D sysfs DIFEA

« PATRICEBBD. FlZIFA=Y FTFRAFOTEHDOEDE Y Y

e N—RITT7T7HATRADODRSANICEZHD, FIZIX12C TILFFL U GPIO TFX
INOA

6.02.2. FZ1N

K S /\IE. embedded-hal kL1 FERELTWVWBRU T T IILICERINTWVWS. REPET:
IRV R—R MM T RN RAILEEERELE T, EDOLIBRSA/NOHEIWNA
Bk, #kc BT CRE. B, IIRE. BE). 74« AL A7 /N1 X (LED 7 L. LCD
TA4RATLA) . POF2I—3F (E—4F. FIVRIVAR) Z28HFT,

RS /\VIE. embedded-hal DEFED L1 b EERETIEDA VXX R EH|IZHELT S
MERNHDEFT, FDORLAMI FLA FMERICKDFRIESN., BRENT BT /N1 X ERDEL
DTEBRAVREAVZABEARABZLAY w REHEIZRHEL XD,

6.023. 7T Vr—3>

TTVTr—=2 a3 R BEmEREE L. RELGENERICKIATESLSICLET, 5
SRATLICRET BB T T = a VIdRDBESEENRDSNZBATI. 7 SV —
aAvVIF HALEEZB L T REBON— ROz 720t TIHNENHZH 5T, BHD
N—R 7T 7OHHRLIE. BIRICERZBELHD £9, I—HFDERIEZ. ZLDFE. KE
BEENHD I, AVR—2Y FHRIDIEBFICYIEENICEGRINIED. N—=RT T 7NN
BB T R T IEDICAN— ROz 7 2R BETRHENRH oD, RERUV T I
EEZBDELIICTRODDERBRZNL—RATIHH 7D LET, HIZIE. BRZ¥EE%FD
BHOR2AIHDFBEEETHD . R RUTTIILHMMBORD) T IILEFRETDE.
T,



7. 4T

TOVSLDERBRBEODELABRAI VI TRITEINED, 7O A TH—HICETEN
3. WITHHDRELEFT, HHIAAHTIE. XOHDOHZHELET,

« BIDRABDRETZHUICEITINZENDRAHNV RS

- RA7O7Oy A TOT S LD—EZEANICRTY TTI3KRLLBEADTILF R
Ly R

e DATLICE-TE BATH IO S LDERR DD ZREFICIHIL L TEITTETBVILF
a7RA4ra7atyvy

Z< DIAAHTOT S LIFEIDAAZUNIRT ZHREDLH B0 ENTUED N, MITHISRE
LET, BIDAAIE, BRI BILUWNITHBZCRELEBZBAATHHD FT, =&
BRICIC Rust iFIEELWIOA—REZEHIFICAZIHRILEREMFRIIEZ. WS DOMEHL T
WE o

7.0.1. LITHERL

HAA O S LAORDBELMITHEIEL. TITEIBEVWCETY, VI I 71 DOEE
LT B XAVIL—TH5RD, BIDAABREEL FHA. FIZIE. CNHAFTOREDRE
BhdLnEtA. BF. L—TIXAHDANZZITAHIT. ASHOMIEBZITL. AHhZHAIL
x5,

#[entry]
fn main() {
let peripherals = setup peripherals();
loop {
let inputs = read inputs(&peripherals);
let outputs = process(inputs);
write outputs(&peripherals, outputs);

}

EITEDNBWD. TAT S LEATOT—ZHEER RV T IIWADT I XAFEBRICHT &
ZiI3HDEEA. COLSBEMLTTO-FICENBZZENTETZDOTHNUL. REBESL
WEERERD D LN EHE Ao

702. JA=NITSa—=2TINBETF—42

$AH TRV Rust CBAR D, BE. e —7THEHZERL. DT —EZANOBBEHFLIERL
7oALY RISET. EVWS ESBERIITEEFHA. KOOI EIDIAHNY RSIEWVWDTH
O INZAEEMDAHD. FRITDZIHEEXEVICTIERTIHEEH >TULRITAIEA
DEHA BBPEVLANILTIE. BMNICEIDHTOENE S 2a—F2TILBXE) ZFOHNEH
HBIEEREFRLET, COXEVIF BIDIAANYRZEXA Y A—RO\MAHNBERTE
95

Rust TlEd. CDELSH static mut BEADHRAESTIE. BICT7>E—T7 T, HilaIE%:

bW, L=V T4 > a> 5| SRITAEMENHD T, DED. ZOEHADT
RPN ESBICFOEBRHICT IR TREDAAICEL ST, FEIETNZ VWS 2T,

COFEICEL ST, O—FRARICODDICK VWIS —DRETIa[EELHD £J, HIZIX. 1
MBICANGEDIEEND TS H AT Y M I2AATOTSL (RAREADOR) &#E
ATCHFL & D,

static mut COUNTER: u32 = 0;


https://doc.rust-lang.org/book/ch19-01-unsafe-rust.html#accessing-or-modifying-a-mutable-static-variable

#[entry]
fn main() -> ! {
set _timer 1hz();
let mut last state = false;
loop {
let state = read signal level();
if state && !last state {
// fGbR, ERICEETIEHD FA. T—FHREZ5I TR ITAREELHD £,
unsafe { COUNTER += 1 };
}

last state = state;

}

#[interrupt]
fn timer() {

unsafe { COUNTER = 0; }
}

B, FATEDRAAEATOEZOICRL T, BEFIC. X1 VIL—FI3ESZ#EIZA
EL. EEPFO—DSENAIEDLFRBICHTYREA VT I)AXYMLET, static mut 2
COUNTER IC 777 R T B7=ICIE. unsafe ZEOSREAHD X9, NI REXIEZSIE
EBIIBVWIEZ,. OAVNTMIIHRTBZIEVNSZETY, L—=XOAVFTo a3 hHelIicHh
BZHhHOMDETH? COINTERDA VI IXY NI, PRI wITHBZEDMRIESNT LW E
HA. ER IFEACDHIAHT Y b T A—LICEVWT. COREIE. O—KFL. 7127
DXV EL.ART7T B CVSEHEICHEISNE T, BIDAANO—RDEHNS X N7 DH]
ICRELIBE. 0ICRT Ut Y bME. EIDRAADSERLIBICEEINET, ZLT £
DRI TIE. 2 ZDBRE LIV TR ICED £,

703. 2V FT1hilLlEo> 3>

FNTIE. T—EAHREBICDOVWTESTNIERVWDTL &5 HiliLAEIFZ. EIDAHDE
MBRAVTERANTHZ V)T hIEI> 3> ZFES5 T LTI, main D COUNTER AND 7
IRz VT4 ANEII3>TIvEYT LE YT, €593 E T COUNTERDA > Y
DXV EDRTITEDET. RAVEDAADPRELBVLSICTEFT,

static mut COUNTER: u32 = 0;

#[entry]
fn main() -> ! {
set timer 1lhz();
let mut last state = false;
loop {
let state = read signal level();
if state && !last state {
/] FLWI YT AL 3 >iE. COUNTERANDREERT7 V7 A ZREEL £¢
cortex m::interrupt::free(| | {
unsafe { COUNTER += 1 };
1}
}

last state = state;

}

#[interrupt]



fn timer() {
unsafe { COUNTER = 0; }
}

C DB TIE cortex m::interrupt::free ZEVWE LTco MDD TSV T —LTHIUTaH
L0223 00— RE2RTITZLOD. BUDHFENDBD £9, Chid BIDIAHZEMIC
LT, O—FRZETL. BUEDAHZBMNICTSZCLRLTY,

RAREIDIAHARI VT Wil oPa v EBELRBEN BTV EIEELTTRTIL, Thid
KD 2 DOEEHNSTI,

¢ FiAIABE LB WS, CONTERICOZELL T EIE. FREDXEEZITEEA

c WTFHNICHE K. main ALY RICE>TEIDRAEFNZ ZEIEHD R EFHA

CONTERDYBEWC FUVI VT 3y §R3EHBDEIDIAHNY RIHhSHEBIND GG,
NZNUSO )T AL a>hREICHEDTL & S

)T hllEo>arvid. SEOBEZHERLETITH. EEICKRFTLARITAIEESAL
unsafe B A— REZ XK TAEVTVET, TR BEYU LIV T HIILEI> T Y
BERAITZICICEBD, A—N—AAY REEIDIAHL AT OIOESLUVPvREZHE5LET,

FEIREAIE. JUToAIEI2a>TiE BIDAADRELBVWC CHRIESNET
PN YILFAT S AT LTIE B OFRIEISIREINBAWVW ETY, toa7IE. BIDAH
THLTH, EHRATERLXEBVICTIZERATETCLEWVWE Y, WIILFIAT7EFESHE
K DEAREHET) S 70 THREICHRD 9,

7.04. T b2 OT77€R

T2 b T7a—LICEL>TUI P Iy IMESHFBETEERY, PhIvomuid. U—RE

T14 771454 MREDRIEZIRIE L £ 9, 45/ Cortex-M DIFE . thumbve (Cortex-M0) (&7
FyvomaziRELIEADN mmM7@MmWBML)Hhﬁbi?oCﬂB@ﬁ%H\

L2TDEIDAAZE LT EIFRBAEDRBFRZRELE T, 120 UXV bZzEAD

BR IZFE A DZBEIIRIIL EFTHEIDRAENIHZRIET V0 XY MRE2EZ BENIC

PHDELEY, COLIBT7FIvIBRER. EBROO7ICEH>THELZETY,

use core::sync::atomic::{AtomicUsize, Ordering};
static COUNTER: AtomicUsize = AtomicUsize::new(0);

#[entry]
fn main() -> ! {
set _timer 1lhz();
let mut last_state = false;
loop {
let state = read signal level();
if state && !last state {
// BEIRYICCOUNTERIC1IZ MR A7z fetch add  ZEWVWET
COUNTER. fetch add(1, Ordering::Relaxed);
}

last _state = state;

}

#[interrupt]
fn timer() {
// COUNTERICE#HEOXZ<L /=8IZ store’ ZFEWVWEX T



COUNTER.store(0, Ordering::Relaxed)
}

C CC. COUNTER ITEZ L7 static BT, AtomicUsize DHHMF T cOUNTER DEIK. EIDIA
HEEMELTZmL<. EDIAANYRTEXA VALY ROMADSEEITEBIETEE
T, ARETHNUIE. CNIEFEDBWERAETYT, LHML. HBRIEDTZY T +—LTIEY
A—rThTLARLLE LNEE A

Ordering MAER : I, AVNAFZEN—RT T T7HEDELSICHDDIEE X ANE RS
M ICHEZEZFT, Fle. Fv vl aDaHAMICHREELZ T, X—7 v AP 2J)LO
PTS539 R TA—LIECIRET B L. Relaxed TR THH. COT—XATIERDHIIEDRL)
EIRTY, LDEEREBA—HA) I TIE. AVNATIET I v I7BEORIBICAXED /N
TERITLET, AT 7 FIVvIBREICE>T. BEIDB LNEFEFAL. BETRLDD
LhFEFtA! 7SIV IETIDOERLEFMIFEMTHD., MOXERNTLLOND EEAE
ncTtuwxd,

FHE. /S OYDT Iy oA RV IZBRLTREL,

7.0.5. HIR{t. Send ¥ Sync

FROBRAEDOVTND. CNEE>THEVWSDHDTRHD EFEA. COERAED
unsafe 7OV I ZHBE L IEBIEFERS Fz v I LABITINIEER ST ABIENTIZHD
FH Ao Rust TIFH LS FLPNBIEXTTY !

Ao B%, J—FRDEIHSTHREIERZ M EZ T T —RITHRILTEZ LN TE
F9o ROBITIE ZVTA4ANEISIaVATIRZFEVETH 7 I v T EIERICRL
Bl EHRETEE T,

use core::cell::UnsafeCell;
use cortex_m::interrupt;

// o >RlEUnsafeCell<u32>DE7K 235 v /VT9, UnsafeCelli&RustDABAZHDEEER T,
// WEPRIZEM%ZFER TS £ T COUNTER%E “static mut' OXHDIT static’ E LTH O ENTETET,
// LH L. RACLT. WO VRDEIFEET DA TEET,

struct CSCounter(UnsafeCell<u32>);

const CS_COUNTER INIT: CSCounter = CSCounter(UnsafeCell::new(0));

impl CSCounter {
pub fn reset(&self, cs: &interrupt::CriticalSection) {
/] PVT1AINEIS a3 ESHRELTERTZCET. ZVUT1AILEIS 3 VAT
// RITEINBITNULBRSBEVW O D Ed, £DH. COT7>E—T770Ov 0%
// BEEFH>THERETETEY (UnsafeCell::getDMFUHE LICHETT),
unsafe { *self.0.get() = 0 };

}

pub fn increment(&self, cs: &interrupt::CriticalSection) {
unsafe { *self.0.get() += 1 };
}
}

// EERY7RCSCounterZEFa] 3 7=DICHETY, UTDHEEZESBLTRIUL,
unsafe impl Sync for CSCounter {}

// NERRIZM%ERT 37, COUNTERIZ. HIF¥@ mut’ TlEHD £t Ao
// 2T PIVERDEIC, PotE—7R8TOvIHMRERLEDFE LT,


https://doc.rust-lang.org/core/sync/atomic/enum.Ordering.html
https://doc.rust-lang.org/nomicon/atomics.html

static COUNTER: CSCounter = CS COUNTER INIT;

#[entry]
fn main() -> ! {
set timer 1lhz();
let mut last state = false;
loop {
let state = read signal level();
if state && !last state {
/] PoE—TRECTIRIBEHD FEA !
interrupt::free(|cs| COUNTER.increment(cs));

}

last state = state;

}

#[interrupt]

fn timer() {
/] BB Ccs h—U 2 &RBBIHD. CTTIVTAAILEIDAVICAZREDRHD X7,
// HDEIDAAN TV I T 30 ZRIIBVEDD > TVWTHHRETT,
interrupt::free(|cs| COUNTER.reset(cs));

/] A==y RZEITBDHIC. REICBRETHNIE. BOIUV T AILEISa>ZERT D
[/ PotE—TJROA—RZFESECHNTETET,
// let cs = unsafe { interrupt::CriticalSection::new() };

}

unsafe d— RZEE IR SNIHBRORNAICBELE L. FLTC7 Uy —> 3> 10—
RiZ. unsafe 7OV I 2 SZATULEE Ao

CDEERETIE. 7TV —2 3 b criticalSection k=0 VBT EEBRKLET, b—7
V&, interrupt::free ICE > TDHIH BEICERT A EDNTETEXT, FDHD. D —7
VHESNBZZZEBERTBZ LT BPBETOYIZRBRICMNTB IR LIS U T+
ANEIa>HTIELTWAZEZFREIEL £9. CORFREEG BNICOAUNATICE-T
REINZE T, s ICKBETRDT—/N—ANY RIEIHD T A hTVEZDNERDH D55 18
BDOAMNFICB ST ) T AL 3 >BLIC. AL s Z5XZENTEET,

CHUE Rust DWITHICDODWTHEER FE Y IR L £ 9, 5end & Sync F LA R TS the
Rust book ZEBHN T B . TLRICHIDAL W RICBENTED  F. BlESend TY, —AH. EH
DALY FETERICHBETE S E. BlE Sync T, #HRAAHTIE. BIDAADT T r—
O3> O—REIFEBBZALYRTEMETREERET, EDH. E|DIAAE XAV O—
REDOEADSTIERAINBZERIFZ. Sync TRITNIEED £H A

Rust DIFE AL DETIEZ. AV /NA FICK 2T Send & Sync DEAD kL1 DO EEIBVICHEE
INFxd, LHL. cSCounter I UnsafeCell ZHATWD T, Sync TIEH O FEA. -
T. static CSCounter Z{EB C LIETE FH Ao static BT BBOD AL Y K570
INBTc®D. Sync THRITFTNTAED FHA.

cSCounter BEIFAL v FRITHELTHERERLSIMIEBLTWS %, AVNT JITIE
AB7=8®. Sync LA FZBARHICRELEY, CNEFTOIUTsHILEI> 3> DER
CRRICOVIINATDTZY b T #—LTOHRETT, NILFIATD Ty T +—L4A
T3, ZeMEHRTZ-HICTSBRZIRDEADURETT,


https://doc.rust-lang.org/nomicon/send-and-sync.html
https://doc.rust-lang.org/nomicon/send-and-sync.html
https://doc.rust-lang.org/nomicon/send-and-sync.html
https://doc.rust-lang.org/core/cell/struct.UnsafeCell.html

7.06. Sa—TvIRX
HO > ROMEICEEDOENARMRILETVE LD, HTHOEHICFIAINZ VDD
DHRIEHMWEFEEL X,

FOELSKREHTIZT2 T D121FZ 2a—7 v X (mutex) T mutex & mutual exclusion
DETY, Ta—TVvIRIEFEDHTVEZDEDIBEBADEHM TV A ZREL £
HBALYRIE Sa—Tv IR0 Ov7T (£ITERS) 8T, 5. T<ICHY
TEIMN OV INERSETNZIOEFLOTCIAYVITRZIN S a—TvIREZAVITERL -
EIZS—%BLET, DALYy FAOVIZREIFLTVIHE.RESNTT—FZADT I
ADEFRIINET, FORALYRDARITZERT I L. Sa—TvIR%& 7>rAOvY (7=
IEBER) 9528 T ORLY RAZa—FTyvIR%Z0v I TESLSICLET, Rust T
3. BE. 7OV I%RETZDICorop FLT MEFERALEY, CNIFE Za—Fv7o
ZHRIA—TONEET D L. BICHBBEIND 2RI B80T,

BIDRAANYESTIa—TYIREERTBDIEM)YyF—TTF, EIDRAHFNYFFAT
TOv 09323 BE.HFEFLLHBDELEA. BIDAANYRSAT XAy Y
OV I ZBRT20/>TIOVITBREMICEETT, BER5IE Ty ROV IR
B2Hh5TT (BIDRAHNY FSRICEITNEETZ D XAV Ly ROV I ZBIRT
BEIFRLTHDFEA) Ty ROV IR TIE-TEIFEZSNTLEE A, BE% Rust
THRETDEBEED DD £,

COBEEZLICERTZ7H. ATV RDOBTRILSIC. AV IDEDICT ) T HILED
AVERBYTRIa—TYVIRERETEEY, JUTohlleoa>rAovo LT
WBREIEKRD, Sa—FvJZR00v Y/ 7>YOv I OREZEBIHTZIHLIC. SvT
SNTERICHHIC T VX TE £

CHUSRIRIC cortex m I L— FTITONTVWE T ! ENZFEOTHY IV EZZES LD TE
9o

use core::cell::Cell;
use cortex m::interrupt::Mutex;

static COUNTER: Mutex<Cell<u32>> = Mutex::new(Cell::new(0));

#[entry]
fn main() -> ! {
set timer 1lhz();
let mut last state = false;
loop {
let state = read signal level();
if state && !last state {
interrupt::free(|cs|
COUNTER.borrow(cs) .set (COUNTER.borrow(cs).get() + 1));
}

last state = state;

}

#[interrupt]

fn timer() {
/] Ta—TYIREFBITRDIC. CTTHIIVTAAINEIL I VICABBERHD £,
interrupt::free(|cs| COUNTER.borrow(cs).set(0));


https://doc.rust-lang.org/core/ops/trait.Drop.html

Sl cell ZES>TVWET, ZHUE. RefCell DAETREARNIATLEM ZIRE T B -0IC
FRINEY, BIIC. unsafeCell Y\ Rust DRESAIZEM DR T THA I ZRTEFF L1
UnsafeCell |&. IEADEHDI 2 — 2T IBROBGZaIgeE LETH, 7>oE—7%A43—R
TOAEATET XY, CellidUnsafeCell LPTWVWETH BEBRA U F T —RERMELZF
Fo Cell FBRZREFEE T REMBO I —ZEET I BB LT ZHFILET,
Cell I& Sync THWesd. ALY RETHETE FEA. INHSDOFIIERLICFERD L%
BIRL £2IHN static BHE LTERFERATET FH A static (& Sync THEIBELRHZIH5
T,

TlE. BELEREDHNED F<E<KDTL & DD ?Mutex<T>IE. Cell DK D% Send 2R T ISR L
TSync ZREL XTI, TDI LD Cell & static TES & ZREICLET, AR5, JU
TAhAILEISa > DRIET. FEOHRBADT I LA ZRMHETEIHNSE5TI, [>T < TV
T—T7%BO—RRLIC. BE2BHAHVVREZFICANBZCENTEERT,

COHEFATVEAD R DL S BREMARICELTVWET, LA L. B> LEMA Copy T
BOWBICOWTIFESTLLSD ? SHIAAICEWVWTIERIC—RRIIAFIZ. R T T ILEE
ATY, TNl BE Copy TIEHD FHA. TDI=OHICIE. RefCell ICFEDR ZENTEET,

7.07. RV I I IDOHE

svd2rust B K UVEROBRILZE>TERTNEZT NI XIL—KIE RV T TIADRE
ERTIVEAERMLET, L BERIC1D2ORY 7 T JIILIEERT VX2V X LHTEE
TEIFRVLSICEFI TR EICE 2T HEINET, COZ I TEeMEFRIEL FIHN
XAy REEIDIAHNY REDOTADSRI T TIIVCTIELATBRex#H L L
= IS

RYTTIIINTIERERRIHEETZH. L TRELSICMtex ZES ZENTETET
F7o. RefCell HIAETTY, RefCell lF. RITEHF T v I ZFE->T. FARFIC1D2ORUT I
ANDOBBIZITHESINDELSICLET, EITRFIVvIIE. EBD cell KDBHF—/N\—Aw
RAKREILADETHA., JE—TIELHBBREZITELT 2D, ARICEETZDOH 1D
FEITTHB MRS DIVELHD £,

REBICCAAIYOA—RATRY Tz Iz L& BACHDL TR 7z I EHEE
BRI ITIHAENUNETY, CNEEXRIRTS7-0HIC. option BEFEVE T, None THIERL
L. BTRUVIZIILDAVRARA%EZRELE T,

use core::cell::RefCell;
use cortex m::interrupt::{self, Mutex};
use stm32f4::stm32f405;

static MY _GPIO: Mutex<RefCell<Option<stm32f405::GPI0A>>> =
Mutex: :new(RefCell: :new(None));

#[entry]
fn main() -> ! {
/] RVTIINDIVTILE>ZEEL. REL XTI,
// OB svd2rust TERTN=I L — bh5E>TE DT
/] \FEAEDAHTINA R L— MMIBERRICED £7-
let dp = stm32f405::Peripherals::take().unwrap();
let gpioa = &dp.GPIOA;

/] —EDREZ T BT,
// PAOZ A, PAlZHEAICRET D LREL TFILY,
configure gpio(gpioa);


https://doc.rust-lang.org/core/cell/struct.Cell.html
https://doc.rust-lang.org/core/cell/struct.RefCell.html

// GPIOAZ S a—T v I RITEML. L—TLFT,

interrupt::free(|cs| MY GPIO.borrow(cs).replace(Some(dp.GPIOA)));
// BlFP gpioa * dp.GPIOA" [FFEVEH Ao

/] KODIC Sa—TFTvIRBATTIERTIRENHD 7,

// MY GPIOZFRTE LT-RICOH. BIDIAAHZBMICT DL DICEFRLTTIEL,
// FS5LRIFNUE. £7ENonehEENTVWBEIC, BIDIAHDRET D a[BEEDH D £,
// Cunwrap() ZFEALT) EIAFEFN3E. NZvTIZBRBTLEL S,
set timer 1lhz();
let mut last_state = false;
loop {
// Sa—TvIRBAHT. TPRIANE LTOREZFRHFAHE T,
let state = interrupt::free(|cs| {
let gpioa = MY GPIO.borrow(cs).borrow();
gpioa.as ref().unwrap().idr.read().idr0().bit is set()

1}

if state && !last state {
// PARODIIE EAD Ty PR LIciHE. PALZ/NTICEREL £9,
interrupt::free(|cs| {
let gpioa = MY _GPIO.borrow(cs).borrow();
gpioa.as ref().unwrap().odr.modify(|_, w| w.odrl().set bit());

)i
)
last state = state;
}
}
#[interrupt]

fn timer() {
// SElE. BIDIAHATIFEMICPAOZ Y ) 7T 37217 TI,
interrupt::free(|cs| {
// unwrap () EFES D TEET, EIDIAHIIMY GPIONFRESND FTEMLThAEVWI %
// H>TWBHTY, €5 TRIFNIE. NoneZIB L RIFNUIEESBVWTL &£ S,
let gpioa = MY GPIO.borrow(cs).borrow();
gpioa.as ref().unwrap().odr.modify(| , w| w.odrl().clear bit());
1}
}

FEBICZLDIEEZMODANTVEY, EELREOEZFMCETOHIEL £ 5,

static MY _GPIO: Mutex<RefCell<Option<stm32f405::GPI0A>>> =
Mutex: :new(RefCell: :new(None));

C CTld. EBEZHUL Refcell ZARBBICE L Mutex TYo & 51T, RefCell I option ZHATL
F9, Mutex iFZ VT AINEID a>ORBREIF. 7OERATEZLIICLEFET, TORBR. B
D RefCell & Sync THRWIHREDL 5T ZHUSL Sync ICHD £, RefCell lF. GPIOA ZED
DICHB LR ZERICK >TATMAZMZIRMEL £, optionZEAIT B L. COERZZED
BICYIHIE TE F . B TEBRICEHZRELE T, RUTIFILDI VT )L b UICIEFRRIC
TOERATBEEIFTEFEFEA. RITRDATIEZXTESZH. Option MREBL INE T,

interrupt::free(|cs| MY GPIO.borrow(cs).replace(Some(dp.GPIOA)));



)T hIEI>a>DARET. Ta—T VI AD borrow()ZMHEATULWET, borrow()ld
RefCell DEBERML F9, TDHE. replace() ZMUHEH LT, RefCell ICHTLWMEZE L—T
LEJ,

interrupt::free(|cs| {
let gpioa = MY GPIO.borrow(cs).borrow();
gpioa.as ref().unwrap().odr.modify(| , w| w.odrl().set bit());

b

REZIC. MY GPI0 ZZETHMITHRR DA THEWVE T, VT AIlEII 3V BEEDE
DIAHDREZRE. Sa—TVv I RXAEBEATETFEXI, RefCell |F s0ption<GPIOA>ZIEMEL .
ZORBANVDOETHEL D ZEILEFT, TOBBEBAIXO—THNIIHRDB L. RefCcll BMEAT
NGBl eZRIT D, BEFENEFT,

soption DNIC GPIOAZ L\—T T B EIETERUVD T, as_ref() Z{F > T &0ption<&GPIOA>|C
ZHLFEI, €592 . =BT, unwrap() TEGPIOA ZEIES TE £ 9, &GPIOA ICK D R
D7 I EBETRZENTEET,

If we need a mutable reference to a shared resource, then borrow mut and deref mut should be used
instead. The following code shows an example using the TIM2 timer.

use core::cell::RefCell;
use core::ops::DerefMut;
use cortex _m::interrupt::{self, Mutex};
use cortex m::asm::wfi;
use stm32f4::stm321405;

static G TIM: Mutex<RefCell<Option<Timer<stm32::TIM2>>>> =
Mutex: :new(RefCell: :new(None));

#[entry]

fn main() -> ! {
let mut cp = cm::Peripherals::take().unwrap();
let dp = stm32f405::Peripherals::take().unwrap();

// Some sort of timer configuration function.

// Assume it configures the TIM2 timer, its NVIC interrupt,
// and finally starts the timer.

let tim = confiqure timer_interrupt(&mut cp, dp);

interrupt::free(|cs| {
G TIM.borrow(cs).replace(Some(tim));

1)

loop {
wfi();

}

}

#[interrupt]
fn timer() {
interrupt::free(|cs| {
if let Some(ref mut tim)) = G_TIM.borrow(cs).borrow mut().deref mut() {
tim.start(1.hz());

}



1
}

Ea—v ! CHIZZELTIH. DLARIFTITEITTHRWICIKWVWT T, UICHEIFHEVDOTL LS
w2

7.0.8. RTIC

KBFED1DIF. RTFM 7 L —LT—2 T9, RTFM & Real Time For the Masses DEE T 9%
RTFM (&, HBEVY —ZHWBICREICTIEAINBZ T ZFRILET 270, BHNGEBEEZ
WAL, static mt ZBE (DY —X1) NOT7ICR=ZEBHLEYT, ZDHEIE. (Refcell
DESID)BICTVTA NI AVICAD BRBATV Y M ZES VWS A —N—AY %
WBBELFEA. Ty ROVIHRBWIEEFRIELED, BEEXEUDA—/N—AY R%Z
WMHTNELFTREVWTel ZLDFRDHD XY,

RTIC comes with as asynchronous executor, so your software tasks are async functions where you
can use async APIs in addition to regular synchronous APIs.

CDTL—LT—JI3MDOEEDZTATVE T AIZIE Xvt—I/Ny o T I3BRm G
BEREOLBRZBS LET, T XXV ZEBELIKRAICRITI SR 72—/l 7 5i6e
HHDFT CNII IR TDRREICERE T FLIFEFF2 A FZBRLTTFIL,

7.0.9. Embassy

Embassy is an ecosystem of libraries which focus on using the async / await syntax included in Rust
for concurrency. The core of embassy is its asynchronous executor which supports most common MCU
architectures.

embassy also takes a battery-included approach and offers many other components, for example:
 Time library

« Various HAL libraries which also provide the time library support.

« embassy-sync for synchronization primitives

You can check the website and the book for more information.

7.0.10. Y ZIWNEBA LARL =T T RT LA

HAARITLEITHEDERZ—BRINBRETILELT. UT7ILEA L
ARL—=FT4 2T ZAFTL (RTOS) B'dHD £, IRE. Rust TIEFHEDKRIESTNTUVEEA
M. REROMEAHFFRETIILKFEHRINTWVWEY, A—F2YV—XDHl& LT, FreeRTOS &
ChibiOSH'H D £9d, CNSDRTOS I EEOT SV r— 3> ALy REFESHE S#EE
FRELTVWEY, ALy RHGIEZERBITETR (AARL—T0 ITILFRRY) H\ B
HAR AR FTIFBNDAAICEDIKE (FUVIYTT4 IRILFRZRY) IC. CPUTRERITIBX
Ly REYIDEZ X9, RTOSIF. BEI a—T v I XPMOEHET) ST TE2BHLET,
Xl DMAI VSV ESHBN— RO T 7HREXRERHICERAZCEHZVTT,

CORZZFVWTWVBRRTIE. Rust TEHDNTRTOS DFIFENIFEZL<HDFEA, LD
L. BEIKRVAETIDT. COREFICTEETEL!

7.0.11. ¥JLFA7

HAA 7Oy HICEVWTH, 2BAUEDATEF DO ENED MR > TETVETD,
CDZClE MWITHZ S SICEMICL £95 (cortex m::interrupt::Mutex ZZT) )74 A
oo a>THELITVWRETORIE. fDOERITIAL Y R, BIDRAHALY REITTHS
CCEBHRICLTVLWES, LALIIFATSRTLICEVWTIE. CHIFETIEED £H A


https://github.com/rtic-rs/cortex-m-rtic
https://github.com/rtic-rs/cortex-m-rtic
https://rtic.rs
https://docs.rs/embassy-executor/latest/embassy_executor/
https://docs.rs/embassy-time/latest/embassy_time/
https://docs.embassy.dev/embassy-sync/git/default/index.html
https://embassy.dev/
https://embassy.dev/book/
https://freertos.org/
http://chibios.org/

HKH DS ¥ILF 7 (SMP; symmetric multi-proccesing & HIEEN K ) EIFICFRET L 7=[EHA
TVIT0 THRBIZHED X,

BE CNETICRE7 Iy /et ERALET. 7 hIvomnid MBS I TLNET
DOATETO7 by IMZHIFELTINBHTT,

NS5D MY I REMICEHAT A id. COARD X IA—TEHENTTH. — IR /N X2 —
NF2 I ATOBEEEL T,



8. ALY ary

Wi, 7O S LATENAT—2EE BI%aL 7> 3Y) ZFEVWWVWTL &S, std
[&. Vec ¥ Strings HashMap EWo T, —fRAVAR DL I a3 ERHELTUVWEY, std TEES
nNTW32ToaLo>avid. JO-NLEgMm7rOor—4% (Glse—>7) ZEALET

corelF.EELEAXAEV 7O =23 2hRVWEHAL I I VOREZFES A TETEE
Ao LDL. AUNAZEHICERBINTULBRELL TV A Walloc 7 L— bORICIL Y
avDERENHBD XY,

HLAL I a>hHRBETHNIE. E—TICBID HTHIERERLITHBIRERTIEHD FEA.
AZXDEESN/AL I3 EFESIECHNTEXT, FDXIBEEIF heapless 7L — b
DHRICHD £95

alloc 7 L — ME. 122D Rust BBABYICERINTVWET, CDIL—bhEAVR—bTBIC
| cargo.toml 7 7 M JLICHKTFREBREZES 92 @ LICE#HE use LE T,

8.0.1. alloc ZfEHR
alloc 7 L— M&. 22D Rust EBfm¥ICEBEINTVWE T, COIL—rEAVR—FTBIC
|, cargo.toml 7 7 M JLICHKFREBRZES 92 @ LICEHE use LEX T,

#![feature(alloc)]
extern crate alloc;

use alloc::vec::Vec;

LIS a>uEESICIFE. FIROIC. 7O FLROO0-NILT7O7—2%2EE7 3
global allocator 7 hJUEa—bZESHRENHD £9, FIRL7-7O7 —X D GlobalAlloc
FLAMZRETZECHKROENET,

COtoTa EARRARDEERETEZH. J7O0-NIL705—2 LT, BfliICRA
VARAEBINTAETO7O7—32%RELET, LALADNS.HABTOTOTSLTIEZD
T O —AR T < cratesio NSEEO 7O —2%FHITBZ I ZRB O LE T,

[/ KA VREEING B2 G070 —2RE

use core::alloc::{GlobalAlloc, Layout};
use core::cell::UnsafeCell;
use core::ptr;

use cortex_m::interrupt;

/] XN AT AT LEDORA VR ZEINT ETO7O7 —4
struct BumpPointerAlloc {

head: UnsafeCell<usize>,

end: usize,

}
unsafe impl Sync for BumpPointerAlloc {}

unsafe impl GlobalAlloc for BumpPointerAlloc {
unsafe fn alloc(&self, layout: Layout) -> *mut u8 {
// “interrupt::free’id. BIDAANTTOT —RZ2ZEICFERATR71HD
// PUT1ehIltEo 3> T,
interrupt::free(| | {


https://doc.rust-lang.org/std/vec/struct.Vec.html
https://doc.rust-lang.org/std/string/struct.String.html
https://doc.rust-lang.org/std/collections/struct.HashMap.html
https://crates.io/crates/heapless
https://doc.rust-lang.org/core/alloc/trait.GlobalAlloc.html

let head = self.head.get();
let size = layout.size();

let align = layout.align();
let align _mask = !(align - 1);

/] RIVRADRIEAE)ARBOREZHSEET
let start = (*head + align - 1) & align_mask;

if start + size > self.end {
// TOTAT—RIEATVEREHBLEEA
ptr::null mut()
} else {
*head = start + size;
start as *mut u8

}
})
}
unsafe fn dealloc(&self, : *mut u8, : Layout) {
// COTF7OT—RIEIXE)ZRBBRLEEA
}

}

// JO—NILAXEUT7OT7—FDES
// A—HIFXEUBEHD [0x2000 0100, 0x2000 02001 A 7O 5 LDMODES TERAINBEW &%
// REEL R ITNIERD FEA
#[global allocator]
static HEAP: BumpPointerAlloc = BumpPointerAlloc {

head: UnsafeCell::new(0x2000 0100),

end: 0x2000 0200,
}i

JO-NL7O7—2ORBRCIFBNS. A—HFIFXEURE (OOM) TZ—DWEFEZ. &
T LTULA L alloc error handler PR JE2— b ZF>TEEREITIHLEDLHD £,

#![feature(alloc_error _handler)]
use cortex m::asm;

#[alloc_error_handler]
fn on_oom(_layout: Layout) -> ! {
asm: :bkpt();

Lloop {}
}
LTOEBHES &, A—FEDOWZ alloc DAL I a3 > E2FESENTEET,

#[entry]
fn main() -> ! {
let mut xs = Vec::new();

xs.push(42);
assert!(xs.pop(), Some(42));

loop {
// ..



}

stdZL—bhDOAL I arzEoscl BN ERDPEALHDOTHEH. Thb
DAL T2 avEEIRATL & 5o

8.0.2. heapless D{EM
heapless DAL o> a>viEs/O—NILXED 7O —RIKEFZELBW 0. ERHITFETT,
BizdLosavzuse LT A YRV REERT BT TY,

// heapless version: v0.4.x
use heapless::Vec;
use heapless::consts::*;

#[entry]
fn main() -> ! {
let mut xs: Vec< , U8> = Vec::new();

xs.push(42) .unwrap();
assert_eq!(xs.pop(), Some(42));
loop {}

}

alloc DAL I3 ldESaN 220H3 ZICBELTTFTL,

12BIE. QLIP3 0BREZRMICES LAITNILES5BWVWI ETY, heapless AL 7
ayvid. BEIDHTHREELT, BEDBEICHD XY, COREIFAL IS a YRS T
XF Y D—ZPICHBD £, LEBDHITIE xs IF8BRDBEZIHFDOLIICEELTVETY, C
DRI RIBEARKTEDDERZRIFIBCENTITET, BT RF v Dus (typenum ZEHR)
NCOZZRLTVET,

2 DBIE. push XV Y REXITDZ LD XY v KD Result ZiIRT & T, heapless JL
I aAVIFEEDREZR OO ALV I VICEREZRAT 2 TORMER. KK 3H
BEMD DD £9, APLIE. BEDHMIILIEHDE DD ZRTT=OHD Result ZIRT ZE T, D
RIEICXLLTWE D, —AH. alloc AL I3 vid. E—TLETHEODHTTS-H. B=E
ZEXPGTECHNTEFET,

v0.4x LAPE. 2TD heapless AL avid. ETOERZI VAV THRMLTWVWEDT, D
E£D. let x = heapless::Vec::new(); DK DBRIEEIFX. REZY I EICOL IS a>ZEIDY
TEJ, Floo AL U3 >% static B, E—TFE (Box<vec< , >>) ICT X, ICEIDY
T3 CHERET T,

8.03. FL—FHA7
E—TICEID Y THSNZBERERIGELRIL VIV EBEERED AL I a Ve EET D
B, KO CICBELTTFEL,
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BIGAATHNIE. ECTHORETIAEMLHBD £J, FIZIE. 27TD alloc::vec.push FEY
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BR[EEMEDHD X, —ZBD alloc AL T3 VIS try reserve XV W RZIRELTVWE T,
CDXAYVYRIZCED, ALV 3>RS BEICOOMIREDNRETEINESH EERETS
FIH ZZzRBLTERTIHVELRHD FT,
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T2 Rust CHEELZXT),
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8.0.3.3. MERITHFR (WCET; Worst Case Execution Time)
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i, FRT3 707 —RaL I a>YORTHERELDOMAICKET Z7-HTI,

— A BEBE0IAL 7 aVIFBEDHTHREELBV . 2 TORIEORITRENA T A
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9. Design Patterns

This chapter aims to collect various useful design patterns for embedded Rust.

9.1. HAL Design Patterns

This is a set of common and recommended patterns for writing hardware abstraction layers (HALs)
for microcontrollers in Rust. These patterns are intended to be used in addition to the existing Rust
API Guidelines when writing HALs for microcontrollers.

 Checklist

« Naming

« Interoperability

Predictability

« GPIO

9.1.1. HAL Design Patterns Checklist
Naming (crate aligns with Rust naming conventions)
« [J The crate is named appropriately (C-CRATE-NAME)
- Interoperability (crate interacts nicely with other library functionality)
» [ Wrapper types provide a destructor method (C-FREE)
» [ HALSs reexport their register access crate (C-REEXPORT-PAC)
» [J Types implement the embedded-hal traits (C-HAL-TRAITS)
« Predictability (crate enables legible code that acts how it looks)
» [ Constructors are used instead of extension traits (C-CTOR)
+ GPIO Interfaces (GPIO Interfaces follow a common pattern)
» [ Pin types are zero-sized by default (C-ZST-PIN)
» [ Pin types provide methods to erase pin and port (C-ERASED-PIN)
» [J Pin state should be encoded as type parameters (C-PIN-STATE)

9.1.2. Naming

9.1.2.1. The crate is named appropriately (C-CRATE-NAME)

HAL crates should be named after the chip or family of chips they aim to support. Their name
should end with -hal to distinguish them from register access crates. The name should not contain
underscores (use dashes instead).

9.1.3. Interoperability

9.1.3.1. Wrapper types provide a destructor method (C-FREE)
Any non-Copy wrapper type provided by the HAL should provide a free method that consumes the
wrapper and returns back the raw peripheral (and possibly other objects) it was created from.

The method should shut down and reset the peripheral if necessary. Calling new with the raw periph-
eral returned by free should not fail due to an unexpected state of the peripheral.

If the HAL type requires other non-Copy objects to be constructed (for example I/O pins), any such
object should be released and returned by free as well. free should return a tuple in that case.

For example:

# pub struct TIMERO;
pub struct Timer(TIMERO);

impl Timer {
pub fn new(periph: TIMERO) -> Self {


https://rust-lang.github.io/api-guidelines/
https://rust-lang.github.io/api-guidelines/

Self(periph)
}

pub fn free(self) -> TIMERO {
self.0

}
}

9.1.3.2. HALs reexport their register access crate (C-REEXPORT-PAC)

HALSs can be written on top of svd2rust-generated PACs, or on top of other crates that provide raw
register access. HALs should always reexport the register access crate they are based on in their crate
root.

A PAC should be reexported under the name pac, regardless of the actual name of the crate, as the
name of the HAL should already make it clear what PAC is being accessed.

9.1.3.3. Types implement the embedded-hal traits (C-HAL-TRAITS)
Types provided by the HAL should implement all applicable traits provided by the embedded-hal crate.

Multiple traits may be implemented for the same type.
9.1.4. Predictability

9.1.4.1. Constructors are used instead of extension traits (C-CTOR)

All peripherals to which the HAL adds functionality should be wrapped in a new type, even if no
additional fields are required for that functionality.

Extension traits implemented for the raw peripheral should be avoided.

9.1.4.2. Methods are decorated with #[inline] where appropriate (C-INLINE)

The Rust compiler does not by default perform full inlining across crate boundaries. As embedded

applications are sensitive to unexpected code size increases, #[inline] should be used to guide the

compiler as follows:

« All “small” functions should be marked #[inline]. What qualifies as “small” is subjective, but
generally all functions that are expected to compile down to single-digit instruction sequences
qualify as small.

« Functions that are very likely to take constant values as parameters should be marked as #[inline].
This enables the compiler to compute even complicated initialization logic at compile time, provided
the function inputs are known.

9.1.5. Recommendations for GPIO Interfaces

9.1.5.1. Pin types are zero-sized by default (C-ZST-PIN)

GPIO Interfaces exposed by the HAL should provide dedicated zero-sized types for each pin on every
interface or port, resulting in a zero-cost GPIO abstraction when all pin assignments are statically
known.

Each GPIO Interface or Port should implement a split method returning a struct with every pin.
Example:

pub struct PAO;
pub struct PA1;
// ...

pub struct PortA;


https://github.com/rust-embedded/svd2rust
https://github.com/rust-embedded/embedded-hal

impl PortA {
pub fn split(self) -> PortAPins {
PortAPins {

pa0: PAO,
pal: PAL,
Al aoo
}
}
}
pub struct PortAPins {
pub pa0O: PAO,
pub pal: PA1,
A aac

}

9.1.5.2. Pin types provide methods to erase pin and port (C-ERASED-PIN)
Pins should provide type erasure methods that move their properties from compile time to runtime,
and allow more flexibility in applications.

Example:

/// Port A, pin 0.
pub struct PAO;

impl PAO {
pub fn erase pin(self) -> PA {
PA { pin: 0 }
}
}

/// A pin on port A.
pub struct PA {
/// The pin number.

pin: u8,
}
impl PA {
pub fn erase port(self) -> Pin {
Pin {
port: Port::A,
pin: self.pin,
}
}
}
pub struct Pin {
port: Port,
pin: u8,
// (these fields can be packed to reduce the memory footprint)
}
enum Port {
A,
B,

C,



D:
}

9.1.5.3. Pin state should be encoded as type parameters (C-PIN-STATE)
Pins may be configured as input or output with different characteristics depending on the chip or
family. This state should be encoded in the type system to prevent use of pins in incorrect states.

Additional, chip-specific state (eg. drive strength) may also be encoded in this way, using additional
type parameters.

Methods for changing the pin state should be provided as into_input and into_output methods.

Additionally, with_{input,output} state methods should be provided that temporarily reconfigure
a pin in a different state without moving it.

The following methods should be provided for every pin type (that is, both erased and non-erased pin
types should provide the same API):
e« pub fn into_input<N: InputState>(self, input: N) -> Pin<N>
« pub fn into output<N: OutputState>(self, output: N) -> Pin<N>
o pub fn with input state<N: InputState, R>(
&mut self,
input: N,
f: impl FnOnce(&mut PAl<N>) -> R,
) ->R
e pub fn with output state<N: OutputState, R>(
&mut self,
output: N,
f: impl FnOnce(&mut PA1l<N>) -> R,
) ->R

Pin state should be bounded by sealed traits. Users of the HAL should have no need to add their own
state. The traits can provide HAL-specific methods required to implement the pin state APL

Example:

# use std::marker::PhantomData;
mod sealed {

pub trait Sealed {}
}

pub trait PinState: sealed::Sealed {}

pub trait OutputState: sealed::Sealed {}

pub trait InputState: sealed::Sealed {
// ...

}

pub struct Output<S: QutputState> {
_p: PhantomData<S>,
}

impl<S: OutputState> PinState for Output<S> {}
impl<S: OutputState> sealed::Sealed for Output<S> {}

pub struct PushPull;
pub struct OpenDrain;

impl OutputState for PushPull {}



impl OQutputState for OpenDrain {}
impl sealed::Sealed for PushPull {}
impl sealed::Sealed for OpenDrain {}

pub struct Input<S: InputState> {
_p: PhantomData<S>,
}

impl<S: InputState> PinState for Input<S> {}
impl<S: InputState> sealed::Sealed for Input<S> {}

pub struct Floating;
pub struct PullUp;
pub struct PullDown;

impl InputState for Floating {}
impl InputState for PullUp {}

impl InputState for PullDown {}
impl sealed::Sealed for Floating {}
impl sealed::Sealed for PullUp {}
impl sealed::Sealed for PullDown {}

pub struct PAl<S: PinState> {
_p: PhantomData<S>,
}

impl<S: PinState> PA1<S> {
pub fn into input<N: InputState>(self, input: N) -> PAl<Input<N>> {

todo! ()
}
pub fn into output<N: OutputState>(self, output: N) -> PAl<Qutput<N>> {
todo! ()
}
pub fn with input state<N: InputState, R>(
&mut self,
input: N,
f: impl FnOnce(&mut PA1l<N>) -> R,
) -> R {
todo! ()
}
pub fn with output state<N: OutputState, R>(
&mut self,
output: N,
f: impl FnOnce(&mut PA1l<N>) -> R,
) >R {
todo! ()

}
}

// Same for "PA’ and “Pin’, and other pin types.
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int 1i;
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ICH3DH LNEBEVDDIZDOVT, BEDRIEEZIRHETETEE Ao

KOOI, BEACDHZE. s DV VRILTREETNS ER HLIE smut TREINS
Sa—RTINEBERB Z2EVWET, SRIE. RAFeUUc@BETz LTI, 2D, BiLHB
BICTI7ERTBIHICBRBALNTETET, LH L. BRIE Rust DFIEES X TLOEE
B—EBT Yo Rustid, FABRKTHECMEICHLT. B—DI 2 —2TILBRZFHOH. $5
W3, BBO1 I 2 -2 TINERZFHOH. ZEEICHHE L T

KBOL A T—ENDI2—RTINTIVEIDBBENESH. Z LD EEICKRT T IHE
HRH2CZEKRLET, CTIERT7AIEIDZTa—RTILTH D BHRBIC const DT 53
%gb\‘& D i-g_o Rust _C“‘j:%@}iﬁ_c\‘j—o

SRAVRZFESUEMDOHZIRRD 1 DI EREN—R I TFERDED TR TY (DMA
RUTIIINDLIPRBZIZNY T 7DRAVEAZEZALRY), £l ERTIORIE XE
IV TRLIRAEDHRAESETREICTDHIC. RUTTIILTIERIL—FDORER
TEHDNTUVET,

10.0.5. Volatile 727t X

C Tl&. ERDEEIC volatile Z FIFTBRENTETFEY, N, BERDEHR T/ AL
ICEDZDBHLNARVN. CWSTeHEIAVNTFIEAE T, $HAAHTIE. Volatile ZEF X
FEUIYTRLIRRIZIEKEHTNTVWE D,

Rust Tld. ZHIC volatile Z{FIF DD TIF7% <« volatile PR %ZE T RT-ODRED XY v
RZE(EWE T, core::ptr::read volatile & core::ptr::write volatile Tdo CALHD XY v
Rik. *const THv*mut T (LRDED £RA >R TY) ERITED. volatile BEFAHE ZT&1T
WXd,

BZIE. C TIRRRDELSICEETE T,

volatile bool signalled = false;

void ISR() {
// BIDAHDRELEWVWS T FIL
signalled = true;

}

void driver() {
while(true) {

/] DO FINDHBETRA)—TLET
while(!signalled) { WFI(); }
/] PTFNEVEY NLET
signalled = false;
// BIDRABZEFLOTVWIASHDRRIERITLET
run task();

}
Rust CRAILC&%&Z T BICIE. 77 XIC volatile XV w REFERAL £,

static mut SIGNALLED: bool = false;

#[interrupt]


https://doc.rust-lang.org/core/ptr/fn.read_volatile.html
https://doc.rust-lang.org/core/ptr/fn.write_volatile.html

fn ISR() {
// EIDRAHDREELT-EWVWSTTFIL
// (REOOA—RTIE. PFrIvIBOLIBR. EDEULRILDT) T4 TZEEFLTTFEW)
unsafe { core::ptr::write volatile(&mut SIGNALLED, true) };

}

fn driver() {
loop {

/] PO FINDHBETRA)—TLET
while unsafe { !core::ptr::read volatile(&SIGNALLED) } {}
/] PTFNEVEY NLET
unsafe { core::ptr::write volatile(&mut SIGNALLED, false) };
// BIDRABZEFLOTVWIASHDRRIERITLET
run_task();

}

COOA—RH2FILICIE. WSDODDFEBIRZTENAHD F9,
e *mut TZERTIEEMIC. amut SIGNALLED ZET &N TEFZE T,

CHUEe amut THMmut TICEBIRICEBRINZOHTT (*const TICDOWTHRELTY),
. read volatile/write volatile XV w R{Z unsafe 7OV IHRETT,

NS DRI unsafe 7EH5TY, BEAERZHRILET 3 TOJIVOEETY, &
MlF. XYY RDORFaXYEZBRLTTIL,

CNSDBEHEI—RICEZEEC CCIIHETI. BE. LD EULARNILDS TS ) TEE%E
BTNET, XEUIYTRRUTISILIZDOWTIE. RUTTSILT7IERAIL— R
volatile 77 Z XAz BEIMICKEL 9, WITHT) 71 TDHFE. &K DENHMRILHF
BATEEd (ITHoEZEE2BLTTFIWL),

10.0.6. /Ny VBRI BEHRY

fHIAH CTIE BE. BEDO/N—RU 77O JILOBGZTETI-DIC. BEICEED
ToAXY FHRERIER. BEARIEIINTVBRREITTRINYIZINTVSIHREN
HBkm. AVNATITIERT D EH—RI T,

Rust TlE. CHIIBEER X ITHEAED repr PRV Ea—bMICE->THIEISNE I, T 7 1)L
FTIE LA 7T MEIREESNABWVWTED./N—RFRTT7PCEPHEDTEZI—RKRTIEFESAN
ETRHDEFHFA. AVNA T BERDXINEZLREZ =D T VT2 BALIED

IHAREMDHD £, COBEITFERD/N—2 3 0D Rust TEEICHRDEEMLHD £,

struct Foo {
X: ule6,
y: u8,
z: ule,
}

fn main() {

let v = Foo { x: 0, y: 0, z: 0 };

printtn! ("{:p} {:p} {:p}", &v.Xx, &v.y, &v.z);
}

// 0x7ffecbh3511d0 0x7ffecb3511d4 0x7ffech3511d2
/] T—RDEDHFZRETBDIC. x, y, zOBFHFANED>TVS ZCIEBLTREL,

CYMEICRODEDTERLAT T MZIRIET B7DICIE. repr(Q)ZEVE T,



#[repr(C)]
struct Foo {
X: ul6,
y: u8,
z: ulé6,
}

fn main() {
let v =

Foo { x: 0, y: 0, z: 0 };
println! ("

0
“{:p} {:p} {:p}", &v.x, &v.y, &v.2);
}

// 0x7fffd0d84c60 Ox7fffdod84c62 Ox7fffd0d84c64
// EFRIIHERISh, L1770 MMIFENME->THERLEEA
/] Sz ER2NA R TEIISNTED., "y &z  ORICIFE. INA FDONT 1 Y IDNFELET,

Ny D ENTRIBZRIET D35S, repr(packed) ZFELEX T,

#[repr(packed) ]
struct Foo {

X: ulé6,

y: u8,

z: ulé6,
}

fn main() {
let v = Foo { x: 0, y: 0, z: 0 };
/] NI EINTREERD T« —ILRZBETBICIE. 7oE—THNBETT,
let px = std::ptr::addr_of!(v.x);
let py = std::ptr::addr _of!(v.y);
let pz = std::ptr::addr _of!(v.z);
printin!("{:p} {:p} {:p}", px, py, pz);
}

// Ox7tfd33598490 0x7ffd33598492 0x7ffd33598493
/] Ny 82 OBICNT A VT BASNTUVWER A, TDTH. "z IFEBITNTUVEE A,

repr(packed) ZfES . BID T SAAXV D 1ICEKETNBZZCICEFELTTTL,

BRI BEDT ZAAXY M EIBET B7=DIC. repr(align(n))ZFEWVEd, S Thnldk B
SgBZNAT FITT COERETHIVELRHDET),

#[repr(C)]
#[repr(align(4096))]
struct Foo {

X: ul6,

y: u8,

z: ulé6,
}

fn main() {
let v = Foo { x: O,

y: 0, z: 0 };
let u Foo { x: 0, y:

{c

{c

o 38 ® kf
', &v.x, &v.y, &v.Z);
', &u.x, &u.y, &u.z);

println! ("{:p} {:p}
println! ("{:p} {:p}

0

0
p}'
p}'
}

// Ox7ffec909a000 0x7ffec909a002 0x7ffec909a004



// Ox7ffec909b000 0x7ffec909b002 Ox7ffec909b004
/] 2DDAVARAVA U TV IFE096/N1 DT SA KXY N TERESNE T,
[/ AVARVZADT RL XD&xEIZ 000" [CHR>TWVWET,

BIHIISNTWT CEEBMDHBL 17T FZEIFT 3728 repr(C) & repr(align(n)) &%
HAEHERZZENTETET, repr(align(n)) & repr(packed) & AT HLE D Z LI
TEEH Ao, repr(packed) I T TA XY M E 1ICERET ZD S5 T, repr(packed) DEI %
repr(align(n)) DEICEHBZHTETEFH A,

BLATIMNMIBIZEISLZFMEI Rut VT 7LV RDEL A7 D FOEZSRBLTT
Ly,

10.0.7. EDED UV —X
. XENR
» Rust £ LD C
» C & LD Rust
o #HIAH Rust K< HBEM
« CTOUSYDI=HD Rust DR >R
c BlIARAO2EFEO>TVWEL 187


https://doc.rust-lang.org/reference/type-layout.html
https://doc.rust-lang.org/reference/type-layout.html
https://docs.rust-embedded.org/faq.html
https://docs.rust-embedded.org/faq.html
https://docs.rust-embedded.org/faq.html
https://docs.rust-embedded.org/faq.html
https://docs.rust-embedded.org/faq.html
http://blahg.josefsipek.net/?p=580
http://blahg.josefsipek.net/?p=580
http://blahg.josefsipek.net/?p=580
http://blahg.josefsipek.net/?p=580
http://blahg.josefsipek.net/?p=580
http://blahg.josefsipek.net/?p=580
https://github.com/diwic/reffers-rs/blob/master/docs/Pointers.html
https://github.com/diwic/reffers-rs/blob/master/docs/Pointers.html
https://github.com/diwic/reffers-rs/blob/master/docs/Pointers.html
https://github.com/diwic/reffers-rs/blob/master/docs/Pointers.html
https://github.com/diwic/reffers-rs/blob/master/docs/Pointers.html
https://github.com/diwic/reffers-rs/blob/master/docs/Pointers.html
https://github.com/diwic/reffers-rs/blob/master/docs/Pointers.html
https://github.com/diwic/reffers-rs/blob/master/docs/Pointers.html

11. A ELHER

Rust ¥ C EDMBEERMIE. BIC 2 DDEEMDT —XTHICHKTZ
LTWEd, FZT. 2200FEBEIa— )LD stdlibRICHD FF, std:: ffi & ENDH
DTY,

std: : ffi provides type definitions for C primitive types, such as char, int, and long. It also provides
some utility for converting more complex types such as strings, mapping both &str and String to C
types that are easier and safer to handle.

As of Rust 1.30, functionalities of std: : ffi are available in either core: : ffioralloc:: ffi depending
on whether or not memory allocation is involved. The cty crate and the cstr core crate also offer
similar functionalities.

Rust D! | RREFRIT C DE!
String CString char *
&str CStr const char *
() c_void void
u32 or u64

, c_uint, unsigned int, tr(( en: [etc], de: [usw.], ja: [ft],)), [...], [...],))

A value of a C primitive type can be used as one of the corresponding Rust type and vice versa, since
the former is simply a type alias of the latter. For example, the following code compiles on platforms
where unsigned int is 32-bit long.

fn foo(num: u32) {
let ¢ num: c uint = num;
let r num: u32 = c_num;

}

11.0.1. ft D EIL K X T L D EERY
HHAATOT U MC Rust ZHAAT T DIHBDEHIE. Cargo & make X° cmake D & D 7R
BEFOEIN RS AT LLZBAEDESZ LT,

issue #61 CCNUCEAT AFEF I —RT—XAZEHTUVET,

11.0.2. RTOS £t DIEEER
Rust % FreeRTOS *° ChibiOS ¥ W\ 7=RTOS ICRE T D Z &ld. FI1EXEEED TVLWDIIRET
o HHIC. RTOS OE#Z Rust B SIEUHTZEIE M) wHEF—TF,

Currently, the following projects publicly support Rust<->RTOS interoperability:
+ Zephyr Project

issue #62 CCNUICEAT AFEFMEAI—RT—XZEHTUVET,

11.1. Rust &P LD C

C ¥l C++Z Rust 7O TV FOARBTHESICIFE. EIC2 DO ZELFT,
« REATNTVWB CDAPIZ. Rust TIEXBLDICTVEVT TS

c CERIFC++DOA—FRZ%Z, Rust DI—RE&—#EICEILRT B

C++lE Rust AN DR =4y M TEBRLEELTCABI Z#HF>TULWARW . C £/ld C+
+¥ Rust L ZHAEDOEDREZIE. CDOABIZFESDHAEHDH T,


https://doc.rust-lang.org/std/ffi/index.html
https://crates.io/crates/cty
https://crates.io/crates/cstr_core
https://github.com/rust-embedded/book/issues/61
https://docs.zephyrproject.org/latest/develop/languages/rust/index.html
https://github.com/rust-embedded/book/issues/62

1LLL TR T T —ADEHR

Rust 5 C £72lF C++DA—RZFESHIC. U VI ENBZOA—RICED K S BT — X B
SUXFYHEFEETEHD%E. Rustll) EETIBEDHD 9, CEIFC++TIE. CDT—
REFRLIAYRZT7AIL (.hFfcld.hpp) ZA42UIL—RLFJ, Rust TE. 5D
EEXFHTEBRITZD. EEZEHERTIV-ILEFESH. OVWTIUHDRETT,

E91E. C/C++D 5 Rust IS, ERZFETERT B EZHBLET,

11.1.1.1. C DA T—2BDSvEV S
BE.CEEIECH+TEMESATIVIE. RHA YR T7 T —XATHEAT 22 TCOR B
EEEIDNVRT7AINZRELE T, NV AT 71ILDAIIRDED T,
/* File: cool.h */
typedef struct CoolStruct {
int x;
int y;
} CoolStruct;

void cool function(int i, char c, CoolStruct* cs);
Rust ICEHETBE. CDA AT T—RIFIRDESICHED X,

/* File: cool bindings.rs */
#[repr(C)]
pub struct CoolStruct {
pub x: cty::c_int,
pub y: cty::c_int,
}

extern "C" {
pub fn cool function(
i: cty::c_int,
c: cty::c_char,
cs: *mut CoolStruct

}
BROOHAZT 7. COERZ 12T DRTVEXL £ 5,

#[repr(C)]

pub struct CoolStruct { ... }

T 7 4 L TIEC Rust lE struct ICEENBZ T —EDIEFECNTa VT, U1 XZFRIAEL FE
Ao COOA—REDHEEBEMZRIET BT=OIC. #[repr(O) 17 FJEa—brEFEVET, CDT
FJEa—MI&D. Rust AVNA FId. BEEDT—2%Z C LELIL—ILTHEELET,
pub x: cty::c_int,

pub y: cty::c_int,

CElFEC++D int W char T BRI DA LIITRHTH DD, cty TERINTWLWB T =
T4 7 T7—RBOFERELEIDH LET, ctyld. CDE%Z Rust DRIy FLE T,

extern "C" { pub fn cool function( ... ); }

CDAT— XY M cool function CWSHEBID. CD ABI Z S B TR F v ZE
ZLET, ABBAKOERLBLICOTRFYETEERT ST COBEBDERITHIDIFZBFAT



BEzxonsh #NZATSUDNSRERNABSATIURCBNAIFTIICUYIETNBZRE
HHOEI,

i: cty::c int,
c: cty::c char,
cs: *mut CoolStruct

LRDOT 2B EERRIC. CEEBRDERZFE->T BROIBOT—2BZERZLFTT. D
MO ILLTBRIHIC, FIBDBFIFFEACEXRICLTHD FT,

*mut CoolStruct EWVWSFTLWEAHD X9, C . &mut CoolStruct DK S 7% Rust DEERE
WOBRZF >TUWEHA. KDODIC. ERAVEAZFEVET, CORARXOBEALIF.
unsafe T9o X7/ CDRA U RIIEBBIC iR U RICKHBZEREMDH D £9, Cc F/=ldC+
+DO— R R DED T BEICIE Rust MBRITORAEZHERICT DL DICRZ DT IHEN
HHFI,

11.1.1.2. TR 7 T —ADOEEHERK

HETHOEEVDITTTHIFED A >R T T —REMTIEZAR K bindgen EMEIND 1 VX

T I —AEBZEBHTIT>TNDZY—ILHHD 9, bindgen DEAFIEIL. bindgen T —

YZa7 )L EZBRBLTTRE, bindgen ZfEAT 3 7HD—ENA T OE X KRDED T,

L Rust TEVWEWA VR T T—ART—HBZERLTVBRETDC I Crnv R zEE
HET,

2. ATV L1 TEDANYA T 7A4)L% #include "..." 9 B bindings.h 77T ILEZEZTEX T,

3. bindgen ICOAV/NAILT7 ST & A— R HIZ. bindings.hZ5 X X9, B2 b [#![no std]
B O— REERRT 3781, Builder.ctypes prefix("cty") ¥ --ctypes-prefix=cty %
Eo>TTFTL

4. bindgen I HEKRD T >V R IICER L7zRust A— RZHAL £9, TH. bindings.rs dD
£53BFAC TV DT 7AININATTBZENTEFEY, ABBSr7ZVelTay
NI VY IENTFC/C++OA—RERDED BRI CDOT 7 )L%Z Rust 7OP T
U FNTHEETEET

11.1.2. C/C++d—F®DEJL K

Rust AV/NA Zld. CFHoIF C++DOA—F (Fld  COAM VR T —RZIRMETZMDEE
DO—R) ZAVNAILT B HEZERIIHS A VOH Rust THWVWI— RIFFFIHC OV /NA
IWITBRERDHD T,

fAA IO T R TlE. C/C++DI— K% (cool-library.a DL SH) N T7—hH1TIC
AVNAINTBEEEBERLET, COT7—H1 Tl &K VU, Rust O O— RIZHEA
AT ENTEET,

FESCLTWB AT UM BRICENART—ha4J e LTERHBESINTVESBES. TDI—
RZBEEILRTIVNEIIHD FHA. REEINTVWBRAI VXTI —ADANYR T 71 I %Z.
ERDFAET, BICEBRITBZLEITTY, LT TOENET—ACTZaVN1IL/I VD
BFICHEAIAH E T

HLOA-RBY—RT 7ML LTHEETZIOTHNUL. C/C++DI— REZFENS1 TS &
LTaAYNAILTBIRELRHD £T, (make® (Make DL SA) EILRSXTLZFESIH. %
BRAVNAILRATY T ZH cc VL— b 2FEo>TBETIH. WINHDOFEEERNE T, ¢
BE5DHETH. build.rs AZ U PR EFESHREHLHD X7,


https://github.com/rust-lang/rust-bindgen
https://github.com/rust-lang/rust-bindgen
https://rust-lang.github.io/rust-bindgen/
https://rust-lang.github.io/rust-bindgen/
https://rust-lang.github.io/rust-bindgen/
https://github.com/rust-lang/rust-bindgen

11.1.2.1. Rust @ build.rs EJLR XU Tk

build.rs 27 1) F k&, Rust DX TEHINI=T 7ML TY, CORIUTFMI. 7O
JrOEKEEXZEIRLEE. 7OV 2EILRTZEIC. AN ETo>TWA Y
Ea—42 ETERITINET,

REBRVITIFLYRFZZICHD T, build.rs KT ) F M. (bindgen DK S BRY—I)L%Z
FAWT) O—RZERLKED. Make DEDBABMEIL RS AT LZHFVOHLIED, cc VL —
FEfFE>T C/C+H+ZEEEILRLIED THDICEFTT,

11.1.2.2. AFEI F S X T LDOER

BHELAL 7O 7 FPAMEIL RS TFLZES 7OV Y MCEL T,
std::process: :Command ZE > T MDEIL R AT LICK LTI T ILZREUVHE T OHED
BETLL S, CHNUCKD. HRENZXZEDHWID, (nake library D& S7%) BIEDIV
VREFEUHLED, D% target EILR T LY MUICH BN TV 23— L1
DTBZENTEFT,

EoTWVWBTL—bh no std BEHAA TS Y b T x—L%EZ—5 vy MMILTWE=E LTH.
build.rs IZZL—brZONAILLTWVWROAVE2a—R LETOHEELEF T, FDH. O
UINAILLTWBRANLETENET D, HES5PDBRust DL — b E2FES TN TEET,

11.1.2.3. C/C++A—F%Z cc VL —FTEILF

MEPER DRV TOT T I R (BENAFTURRIT I 71ILTIEARL) 8BNS T
FUERERTDDICEILRS AT LAZEBIETZOHAH#LWVWOS T fTHNIX. KHD
ICccZL—bRESADBETLL D, ccZL—biE. KRR MOV XA SAD, HLVP
TWRust 1 V2T T —X%&IMHL FJ,

B—DCTI77AII %8N )ICOAYNTILTIRDEMEBETIE ccZL—hEFE-o
7= build.rs X7 ) P MERDKSICED £,

fn main() {
cc::Build: :new()
.file("src/foo.c")
.compile("foo0");
}
The build.rs is placed at the root of the package. Then cargo build will compile and execute it
before the build of the package. A static archive named 1ibfoo.a is generated and placed in the target
directory.

11.2. C & L D Rust

CEflFc++D 7O T FATRust DA—FRZFES=HICIE. FISRD 2 DD % L
£7,

« CHHELR T L) APL % Rust ICfED £

e AEBEILRS AT LICRust 7O T M EEAAZET

cargo & meson [FANE LT IFEAEDEIL RS AT LIERust ZHR— ML TWEHA. FD
7=, BODIL— b ZFDEKERFZRZEINAILTBICIE. cargo ZES DH—F T,

11.2.1. 7AOS 7 FD%EfRE
WobEEDH, L Wecargo 7O TV b EERLE TS


https://doc.rust-lang.org/cargo/reference/build-scripts.html
https://github.com/rust-lang/rust-bindgen
https://doc.rust-lang.org/std/process/struct.Command.html
https://github.com/alexcrichton/cc-rs
https://github.com/alexcrichton/cc-rs
https://github.com/alexcrichton/cc-rs
https://github.com/alexcrichton/cc-rs

BEDRust DF—47y FTIFBRLVRATLTZA TSV ZHAITEESIC. cargo ICIERT
750hHDET, JL—FOERDEBREELRZHFZMITIEVWES. 217 VICH LT,
MOZRIZHRETDI_CHTEZET,

[lib]

name = "your_crate"

crate-type = ["cdylib"] # NS TSUEEDET
# crate-type = ["staticlib"] # BHN>1 7S UEEDET

11.2.2. ¢ API DYERE
C++lE Rust AVNA SHE—4y MITEBRLEELIABIZF>TULAEW =0, FISEBED
HEZEAICIE. COABIZFERALEY, CEC++DIA—RATRust ZES I, DI kI
BN D FH Ao

11.2.2.1. #[no_mangle]

Rust AVNATIE. P VRINBEXATTA—RD)VADERFTIZDDEIEIBRRZDHDIC
IVTINLET, FD®H. Rust DAL U AR— T3 Rust DEIE. > FIILLEBEVK
SICAVNASICHERTIHERHD T,

11.2.2.2. extern "C"

T 7 4 L TIE Rust ICEWVWWTNOREEH Rust D ABI (CNHEZTEILTNTVELRA) &
FEVWET, KHDIC. HMIRFAT B FFAPIHES R T LABIZES K SIC. AV /NA FITHER
TRIMRENHD XY,

TS5V R T 3—LICEoTI BED ABIN—=J3>% 2=y MILTEWEERHD 9,
ABIICDWTIE. CTICRFaXY DB FT,

INSDEmZEELHB L. BELERDK S BEBUICHD £,

#[no_mangle]
pub extern "C" fn rust function() {

}

Rust 7O TV b TCcO— REFE B EKIC.ERZEEBETERTE 3T —2BI(ICEH;
TRIMNELRHD XY,

11.23. U0 &b XRELHTAD T FOKR

CCETT. BEOFERIIERLELT:e CTNEESP>TESIOTLELEOID?

Fhig. 7O 27 FPELFOXFLICESKELE T,

cargo ld. TV R T A—LEHFEICHKEL T, my lib.so. my lib.dll £7/=ld my lib.a 77
AINZEEBLE T COTATIVIEEFDTSY R T A—LDEILRSIATLICE > THE
ICU O FTBZEDTEEXT,

LOL.CH S5 Rust ZMERT=DICIF. B TR F v ZEEITRTOHODAYR T 71 ILHRE
T,

Rust-fii API D2 TH. WL RN YR ZFONELHD X7,

#[no_mangle]
pub extern "C" fn rust function() {}


https://doc.rust-lang.org/reference/items/external-blocks.html

E&RIF. RDLSICHBTL &L S,

void rust function();

BB,

OOt XRZB#:T B cbhindgen EWVWDIY—ILHAHBDFT, TDY—I)LIE. Rust DI—R
ZEITLT. ceCc++ 7Oz bDIcODAYRZERL FT,

2irT9 !

#include "my-rust-project.h"
rust function();


https://github.com/eqrion/cbindgen

12. kKPDEDORE YYD

12.1. (b . FEE A XD L—FF 7T

HHD IOV ILZBERTE/NEC LIEVWEBEVWETH. AR ERARIET S i
TEEEA. COEIZ IR rustc MRET BEBRIZIRBELLANILICDOVWT, EDKSIC
7O S LORTRBENA T U A XIHETEZHhZHBEL £,

12.1.1. ki L

CHNUIFT T AIL R T, cargo build #E1T9 3BE. BFE (Al dev) 7OT7 71 ILEFEL
x93, CO7O77AMINETNYTICRBIEESNTUVE T, 20O TNV T BHRIAEML
TNTED, TBEIF—TEMMEINTOEEA. DED. -C opt-level = 0 ZFEALET,

DR EBHBRTARZIORAETIE. TNV IBERIEHIEKELOIR T, TNV IER
I&. Flash/ROM DBEZFEWVFH A, TDH. V) —XTFOT 71T, T7 )L b TEX
EENTVWBRTNYIBREZEEMMLTEZI e ZEBHOLET, CHUELD. UV U—XEIR%E
TINYITTBR. TLAIRA Y E2FESEDNTEET,

[profile.release]

# OVRIIGEBES L. FlashDH A XZzE R LEEA
debug = true

RBELLBVWCERETNY I TIREETY, I—RZXTYTERITIZE. 7OJ5L%R
T—rXYRTUICEITLTVWBRKDICRRLSNZNETY, THIC. AR Y T DOEHBEE
D5|#% GDB Tprint §3 N TEXY, A—RFIREELTND . BEHZzRRLESE
LTH. $0 = <value optimized out>EFRRINE T,

dev 7OT7 71 IILDRADR=IE. N1 FUDHKEL, BVWIETY, NT1FUHAXITE
B, OB EDEd, REtINTUVWEWLWNTLFUIEH+ KB H Flash EEEFTA3HNH5T
o X—7 v FTNA R B+ KB HD Flash ZH->TLWAHAWLAD LT, BELTNhTL
BONALFDIE. TN IARICHED FH A

TINYHATRVWR TV INEBNAFVZEBZENTEBDTLELOID?TEX T, RL\P
DAMRHD X,

12.1.1.1. IKFRROREL

nightly Tl&. profile-overrides ¥MEN D Cargo 71 —F v HH D F£9, Thld. KEFERFK
DEELANILEF—N=FCFLET, COTA—FrZFE>TLETOEREI/L— DY
1 XZ2&BIELEDNS. by T IL—bZ2RBILLBVTTNYATHRVCTICTBZ I EH
TEEToo

Beware that generic code can sometimes be optimized alongside the crate where it is instantiated,
rather than the crate where it is defined. If you create an instance of a generic struct in your application
and find that it pulls in code with a large footprint, it may be that increasing the optimisation level of
the relevant dependencies has no effect.

PERLEYo

# Cargo.toml
[packagel
name = "“app"
# ..


https://doc.rust-lang.org/cargo/reference/profiles.html#overrides

[profile.dev.package."*"] # +
opt-level = "z" # +

A—N—F1FRLTIE. ROEDTTI,

$ cargo size --bin app -- -A

app

section size addr
.vector table 1024 0x8000000
.text 9060 0x8000400
.rodata 1708 0x8002780
.data 0 0x20000000
.bss 4 0x20000000
FT—N—=Z1RKZT2. UTFDLIICHKDZFT,
$ cargo size --bin app -- -A

app

section size addr
.vector table 1024 ©x8000000
.text 3490 0x8000400
.rodata 1100 0x80011cO
.data 0 0x20000000
.bss 4 0x20000000

fy7OL—bDTNYyITM%EERS % LIS, FlashFRHEZ 6KiBiES5 L TWE T, KEY
L—rDOHRICBREBHAAND E. <value optimized out>D Xy E—JHBICTATLEL S, L
ML EKFIL—FTIERL, by TIOL— 2T NV T LIEWGEDIZEAETL & 56
BOL—bETNYIITEIMENHDZIHE. REDKEIL — M E2RBEEHDSRANT 712D
IC. profile-overrides 74 —F ¥ ZEX£7, FIRIE. UTDXSICEDET,

# ..

# ‘cortex-m-rt’ /L —hIRBEELLEFEA
[profile.dev.package.cortex-m-rt] # +
opt-level = 0 # +

# LD L. IOKEIL— MEIRBELLET
[profile.dev.package."*"]

codegen-units = 1 # better optimizations
opt-level = "2"

ZNT. bwTFUL—FE cortex-m-rt ZL—FETFNYAHTIRWLWR TS HEDFT!

12.1.2. REDRE(L

2018-09-18 @D rustc . 3 DD NREFE(L] ZIRHE L TULE T, opt-level = 1, 2 3T,
cargo build --release ZEITL=H. T 7 2L ETld opt-level = 3 DU —XTFOT 74
IWZFEVET,

opt-level = 2 & 3|F. NAFUHAIZEBHICLT. BEZZBELLET, LRNIL3IELA
IL2&D RTMNIUMLEA D TAMMEZITVET, HFIC. opt-level B' 2 U EDIFE. LLVM
WIL—TEZBRTZIDHHHNBTL &S5, IL—FREBRIE. Flash ROM ODER=H S IEED IX +
HAEVWTYT (FIRIE. EEFDIL—T=2E0OICT 358, 26 /N1 D5 194 /N1 M ETEML £
9o LHL. BYAEHGTIE. RITEEIAFEDICAED ET BIZIE. 17L—>3>0EIK
HN+RREVESR).



IRTE. opt-level =2 & 3 TI—TERZEMLT D HEIIHD FHA. II—TEFEDIX b+
ZINS ZEDNTETRWVEES, 7O S LY M ADRBEILZETEINETT,

12.1.3. ¥ XDRBE(L

2018-09-18 M rustc . 2 DDH A XRELZIRMML TV X T, opt-level = "s"&"z2"TJ,
5NDHAEIE. clang / LLVM D' SZIFEWTHE D, BRSO DICKWVWT T, "z"id. "s"& D)
IBNAFVZEZIERZERLE T,

DY —=ZNAF+ ) DY A X% &wmEL LT=WIHE. Cargo.toml D profile.release.opt-level 5%
EZ TeDBEODEELFY,
[profile.releasel]

# Floigx"z"
opt-level = "s"

N5D2DORBELLANILIE. LLVM DA >S4 LEWVMEEZEKIBICES LET, 151
YLEWMEIR. BBBEAVSAMALTEIDEDZRDZT-DICEDLNZEEMETYI, Rust D
FRAID1DiE. TOIX MARIL T, CNSOHRILIE. FEXREZRIFT 370, ZLD
FLOWBR NS RERZESERICHD £ (FIZIE deref X as_ref D& S BRAZDE%E &
HAI37-00BK). Z2DH. A>F1 2 LI WMEEEL §5 . LLVM B REIL DS % 5k
WEYT (FIZIX. READIEZHIRLIED,. 20—y 21054 RUOBLICT S, BE).

FAXORBEILEITOTWVWBE. NAFTUHAXHERHZIHESHZRB0HIC. 1V
SAVLEIWMEZEP LW LNEFEA, TVFM YV LEVMEZZEET SHEHDHE
I&. .cargo/config M rustflags IC-C inline-threshold 7 57 ZEMT S L T,

# .cargo/config.toml
# cortex-m-quickstartF> 7L —hrEFEoTVWA I ERBELTVEY
[target.'cfg(all(target arch = "arm", target os = "none"))']
rustflags = [

# ..

"-C", "inline-threshold=123", # +
1

CDEIXMAICEDLNBZDTL & 5D ?1.200 Tld. FEEDEIE. BERZHmmELLAN)LTEDN
32154 LEWVMETY
. opt-level = 3 (X275 ZFEVXT

. opt-level = 2 |X 225 ZFEVET
. opt-level = "s"IE 75 ZEVEXT
. opt-level = "z"|F 25 ZfEVEXT

YA ZDOREILE TR EEFIE. 225 £ 275 ZH L THBINRNE T,

12.2. Performing math functionality with #[no_std]
If you want to perform math related functionality like calculating the squareroot or the exponential
of a number and you have the full standard library available, your code might look like this:

//!' Some mathematical functions with standard support available
fn main() {

let float: f32 = 4.82832;

let floored float = float.floor();

let sqrt_of four = floored float.sqrt();


https://github.com/rust-lang/rust/blob/1.29.0/src/librustc_codegen_llvm/back/write.rs#L2105-L2122
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let sinus _of four = floored float.sin();

let exponential of four = floored float.exp();
println! ("Floored test float {} to {}", float, floored float);
println!("The square root of {} is {}", floored float, sqrt of four);
println!("The sinus of four is {}", sinus_of four);
println!(
"The exponential of four to the base e is {}",
exponential of four

}

Without standard library support, these functions are not available. An external crate like 1ibm can be
used instead. The example code would then look like this:

#![no _main]
#![no_std]

use panic_halt as ;

use cortex m rt::entry;
use cortex_m semihosting::{debug, hprintln};
use libm::{exp, floorf, sin, sqrtf};

#[entry]
fn main() -> ! {
let float = 4.82832;
let floored float = floorf(float);

let sqrt of four = sqrtf(floored float);
let sinus_of four = sin(floored float.into());

let exponential of four = exp(floored float.into());
hprintln! ("Floored test float {} to {}", float, floored float).unwrap();
hprintln! ("The square root of {} is {}", floored float, sqrt of four).unwrap();
hprintln! ("The sinus of four is {}", sinus of four).unwrap();
hprintln! (

"The exponential of four to the base e is {}",

exponential of four

)

.unwrap();

// exit QEMU

// NOTE do not run this on hardware; it can corrupt OpenOCD state
// debug::exit(debug::EXIT SUCCESS);

Loop {}
}

If you need to perform more complex operations like DSP signal processing or advanced linear algebra
on your MCU, the following crates might help you

+ CMSIS DSP library binding

« constgebra

« micromath

» microfft

« nalgebra


https://crates.io/crates/libm
https://github.com/jacobrosenthal/cmsis-dsp-sys
https://crates.io/crates/constgebra
https://github.com/tarcieri/micromath
https://crates.io/crates/microfft
https://github.com/dimforge/nalgebra

A. Appendix A: Glossary

The embedded ecosystem is full of different protocols, hardware components and vendor-specific
things that use their own terms and abbreviations. This Glossary attempts to list them with pointers
for understanding them better.

BSP

A Board Support Crate provides a high level interface configured for a specific board. It usually depends
on a HAL crate. There is a more detailed description on the memory-mapped registers page or for a
broader overview see this video.

FPU
Floating-point Unit. A ‘math processor’ running only operations on floating-point numbers.

HAL

A Hardware Abstraction Layer crate provides a developer friendly interface to a microcontroller’s
features and peripherals. It is usually implemented on top of a Peripheral Access Crate (PAC). It
may also implement traits from the embedded-hal crate. There is a more detailed description on the
memory-mapped registers page or for a broader overview see this video.

I2C

Sometimes referred to as I2C or Inter-IC. It is a protocol meant for hardware communication within a
single integrated circuit. See here for more details

PAC

A Peripheral Access Crate provides access to a microcontroller’s peripherals. It is one of the lower level
crates and is usually generated directly from the provided SVD, often using svd2rust. The Hardware
Abstraction Layer would usually depend on this crate. There is a more detailed description on the
memory-mapped registers page or for a broader overview see this video.

SPI
Serial Peripheral Interface. See here for more information.
SVD

System View Description is an XML file format used to describe the programmers view of a microcon-
troller device. You can read more about it on the ARM CMSIS documentation site.

UART
Universal asynchronous receiver-transmitter. See here for more information.
USART

Universal synchronous and asynchronous receiver-transmitter. See here for more information.


https://youtu.be/vLYit_HHPaY
https://crates.io/crates/embedded-hal
https://youtu.be/vLYit_HHPaY
https://en.wikipedia.org/wiki/I2c
https://github.com/rust-embedded/svd2rust/
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https://en.wikipedia.org/wiki/Serial_peripheral_interface
https://www.keil.com/pack/doc/CMSIS/SVD/html/index.html
https://en.wikipedia.org/wiki/Universal_asynchronous_receiver-transmitter
https://en.wikipedia.org/wiki/Universal_synchronous_and_asynchronous_receiver-transmitter
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