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Webinar Logistics

« Turn on your system sound to hear the streaming presentation.

* If you have technical problems, click “Help” or submit a question
asking for assistance.

« Participate in ‘Group Chat’ by maximizing the chat widget in your
dock.

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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THE SPEAKER

Beningo Embedded Group - President

Focus: Embedded Software Consulting

An independent consultant who specializes in the design of real-time,
microcontroller based embedded software.

He has published two books:

« Reusable Firmware Development

« MicroPython Projects

« Embedded Software Design

Writes a weekly blog for DesignNews.com focused on embedded
system design techniques and challenges.

Visit www.beningo.com to learn more ...

Jacob Beningo

Visit ‘Lecturer Profile’ Visit ‘Lecturer Profile’ in your console for more details.

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.


https://www.amazon.com/Reusable-Firmware-Development-Practical-Approach-ebook/dp/B07811CX8Q/ref=sr_1_1?dchild=1&keywords=reusable+firmware&qid=1589410049&sr=8-1
https://www.amazon.com/MicroPython-Projects-do-yourself-applications-ebook/dp/B086CXMYZV/ref=sr_1_1?dchild=1&keywords=MicroPython+Projects&qid=1589410080&sr=8-1
https://bit.ly/3PZCtNO
http://www.beningo.com/
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Course Sessions

Introduction to Rust for Embedded Systems
"Hello Rust!”, using QEMU

"Hello Rust!”, using the STM32F3

Interfacing to Peripherals in Rust

Becoming a Rust Expert

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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1 Far More To Do

https:.//www.aloneguid.uk/posts/2021/01/rust/rust.svg
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Far MoreTo Do...

"Save the environment! Create a closure
today!"

C# lambdas

C++ lambdas equivalent to

Scala closures

faster than function pointers

really fast performance

can be inlined unlike other languages J

+, -, * can be overloaded by implementing traits

std::ops::Neg

std::ops::Not unary

std::ops::Add
std::ops::Sub
std::Ops::Mul arichmetic
J reference ~[ operator overloading
bitwise
std::cmp::PartialEq equality
std::ops::Index

indexing
std::ops::IndexMut

a.add(b) shorthand a+b

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Far MoreTo Do...

called "generic function"

also implements polymorphism

W is a "type parameter"

fn say_hello<W: Write>(out: &mut W) -> ..

fn top_ten<T: Debug + Hash + Eg>(...

fn run_query<M: Mapper, R: Reducer +
Serialize>(...

multiple limits

limit by trait

generics

multiple type parameters

like interfaces in Java/C#

implements polymorphism

trait Write {
fn write(&mut self, buf: %[u8]) -> Result<
usize>;
} definition
promise something a type can do capability
to use, trait must be in scope
. . interesting
let Writer: &mut Write = ... - OK
W only trait refs can't declare train variables variable size has to be known at compile time
let writer: Write = ... impossible J

extensions of another trait

subtraits

cleanup, like C++ destructors Drop

Sized

Clone
Deref/DerefMut
Default
AsRef/AsMut

Borrow/BorrowMut

From/Into

static methods

buddy traits

useful to know

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.

rimitive crate

e

either Ok of String, or io:Error

Sponsored By

1 reference patterns
I’ & patterns
I

i.e. Somelt(&'\r') | Some(...) => ...

!
for ra\\*\ge use '0'

multiple possibilities
'=>

= pattern if condition guards
atch this

1
1

Some(point) if self.distance_to(point)
m.

@

)

\
\
]
|
|
mare like C union
Il
1
[}

nothing like C++/C# enums
i.e. Result<String, io::Error> is an enum!

all elements are different types!

7 even different types
can be all mixed within a single anurp’

¥
enum RouthTime {

InThePast(TimeUnit, u32),
JustNow,

InThePast is a tuple variant J

InTheFuture(TimeUnit, u32)
}

Less = 5 etc. can override numbers like in C

tuple variants

can contain data

enum Shape {
Sphere { center: Point3d },

Cuboid { cornerl: Point3d }
}

struct variants

can override type with [repr]

enum Ordering {
Less,

HttpStatus::Ok as i32

can cast to int
but can't cast int to enum

Equal,
Greater

}

stored as integers in memory

can be simple like C

with Impl like structs can have methods!

for internal use integer tag

memory
largest variant

enum Option<T> {
None,
Some(T)

}

enum Result<T, E> { examples from std generics
Ok(T),

Err(E)

}

CORPORATION

\
\
\

\
related
\
\
\
\
\
\
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Far MoreTo Do...

struct GrayscaleMap {
pixels: Vec<u8>,
size: (usize, usize)

named-field } construct

let image = GrayscaleMap { pixels: ..., size: ... } |

N

/

N\

similar, use whatever suits
Fesembles a tuple

3 types tuple-like

struct Bounds(usize, usize); construct

let image_bounds = Bounds(1024, 769);

has no elements

unit-like struct Onesuch;
.

useful in traits

private by default

pub struct ... - makes visible outside module

make public with pub

visibility
fields also private by default

impl Queve {

pub fn push(&mut self, c: char) ...
can have methods! }

&mut self

can be generic

~— ———

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.

first arg is self and is required &self

self

need to list name and value of each field

there's a shorthand, from local vars with the
same name

Sponsored By

GrayscaleMap { pixels, size }

CORPORATION
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not a crash

like a RuntimeException in Java

it's safel!
per thread

Far MoreTo Do...

customisable with compiler switches

ordinary method

fn get_weather(location: LatLng) -> Result< successful result type
@ as Rust does NOT have exceptions WeatherReport, io::Error> Result<>

q ( possible error type
Error Handling

match get_weather(hometown) {
Ok(report) => ...

Err(err) => ... equivalent to try/catch
catching using match expressions } (
looks verbose
Result in the beginning of the file pub type Result<T> = result::Result<T, Error>

aliases
everywhere else fn remove_file() -> Result<()>

ExpreSSionS @ ? operator

propagation

on success, unwraps Result to the value inside

let weather = get_weather(hometown)?;

L on error, returns immediately, passing result up

use .unwrap() to ignore catching

ignore error totally let _ = some_method()

aka library

crate aka dependency
crates.io

@ module Rust's namespace container for functions, types etc.
attributes
Modules 9
tests

© 2022 Beningo Embedded Group, LLC. All Rights Res documentation
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promise of no dangling pointers
restricts how you can use pointers

no GC
F M T leave scope of variable
P —
delete element from a vector
a r O r e e o o -
way to delete memory
etc

no explicit way!
-

assigning a value to a variable

examples passing to a function

(_retumning from a function

value is not copied, it's "moved" destnation controls lifetime
Ownership let s = vec!["udon".to_string(), "ramen”.to_ 1. s "owns" vector
. Moves lsl:mg(b 'soba".to_string()]; —
art=s; 2.t =3 "moves" ownership to s.
letu=s;

_

3. won't work, as s does not own the vector
anymore!

Compile time enforced pointers

#{derive(Copy, Clone)]
make your own type Copy struct Label { number : u32 } all subfields must be copy otherwise doesn't work

stands for “reference countet

Shared references —
Mutable references
« Ownership L

“atomic reference counter"

© Re let s: Re<String:
(] lettRe<String>
let u = s.clone();

Re::new("shared".to_string()):
s.clone():

Memory

uses reference counting algorithm
Shared Ownership -

never outlive their parents

Pty
I\/I OV e f pointers with compiler enforcements has huge effect on safe multithreading
(

never null
-

create reference - "borrow" the value

L]
allows to access value without affecting
ownership

read but not modify
| E—

can have as many to one object as you like

shared reference
&e;

are Copy
kit

read and modify /I O

—

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.

&mute;

two kinds
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a r M O r e O D O — g -
I I they expand just like C++ macros
e o o

current filename.

 Closures

* |[terators
Collections
Concurrency
Loops

Unit Testing
Macros

etc

generates error message containing filename

extend the language beyond what functions

why

executed before machine code is generated

linet( flelo
T ) related

columns!()
/)

Stringifyl(..tokens..) | some built-ins

Macros

concatl(str0, strl)

debugging

real OS thread creates new thread
takes closure or function spawn function fork starts a new thread
returs awaitable for join because

—_— | )
JoinHandle  join waits for all to finish
© simple

no locking fork-join parallelism
atiractive |
straightforward performance math [~
deterministic
J
if hard to use, see Rayon library (2
-
thread-safe queve
| anatogies
pipe for sending data from one thread to |~ "
another J
J
faster than Unix pipes!
perf
transfers ownership instead of copy !

T sendingavalue movesit

very fast for large amounts of data

sender sender.send()
_
flow
receiver
N

receiver.recv()
use std::sync:mpscichannel;
let (sender, receiver) = channel()

)
blocks if no data

J
String by default typed

multi-producer, single-consumer MPSC

safely share mutable data
—

mutex hared mutable stats
shared mutable state

o/ locks ‘

similar to other system languages low-level primitives
condition variables

atomic integers

slow for large datasets

three ways to do
channels  [——————

Concurrency

you can clone it

Y sharing data

Re/Are atomic ref counting

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.

Vec<T>
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Applications [} very arguable

Excellent Rust Plugin

Visual Studio not supported

| vscose  moderse

fn ged(n: ub4) -> ub4 {
—_—

does not infer types in function parameters
Functions || 2 retum valves

can be generic
7

#ltest]

fn test.ged() {
assert_eql(ged(14, 15), 1);
asserteql(ged(23*5°11%17,3° 71113 *

19), 37 );
Built-in support }
Unit Testing | "cargo test” to run
\
\
\ © loop for infinite loops until break or return
but
Q while exactly like C
4 types Y ;
| © whilelet same as if let
AR ST
N
\ foriin 0..20
© for }

—
are expressions, but dont produce values

I
break 1
control (——— !
continue |

/
/

statically typed
safety (™
(| strong checks by compiler

‘ efficiency AOT
m concision less cluttered than C++

boring, remind most of other C languages

Type System

CORPORATION

11
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With what you've seen so far, what best describes what you'll do after
this course?

- Experiment with Rust on a host

- Experiment with Rust on an embedded board
- Adopt Rust for your next project

- Investigate moving to C++

- Run back to C without looking back

12
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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2 In Depth Resources
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The Embedded Rust Book

https://doc.rust-lang.org/book/title-page.html

Main Rust Programming Language Guide.

Targets beginners and walks through language and tools from the
perspective of the host environment.

14
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.


https://doc.rust-lang.org/book/title-page.html
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The Embedded Rust Book - STM32F3 Discovery Version

https://docs.rust-embedded.org/book/intro/index.html

Repo:

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

Older material but can provide some basic insights to get you going in the
right direction. Embedded Focused.

15
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https://docs.rust-embedded.org/book/intro/index.html
https://github.com/rust-embedded/discovery
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Rust YouTube Videos

Why Rust Won't Replace C (Anytime Soon)

Writing an Embedded Operating System in Rust

Rust Run on EVERYTHING, Including the Arduino

Many, Many, more

16
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.


https://www.youtube.com/watch?v=ojEXMM_1bVA
https://www.youtube.com/watch?v=l1ujHfWoiOU
https://www.youtube.com/watch?v=ZPSqhb4KKNc
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What resource are you most interest in for learning Rust for
embedded?

- Free online books
- Websites with Rust example code

- Leverage Github Copilot and ChatGPT
- A formal language course

17
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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! Should we be using Rust?

18
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Jacob’s Opinion

19
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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4 Going Further
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Rust Resources

« Rust Webpsite

« Rust Book

 Rust for Embedded Book

 |Learning Rust for Embedded Systems

« Rust By Example

« RTIC: Real-Time Interrupt Driven Concurrency

27
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https://www.rust-lang.org/
https://doc.rust-lang.org/book/
https://docs.rust-embedded.org/book/
https://www.embeddedrelated.com/showarticle/1432.php
https://doc.rust-lang.org/rust-by-example/index.html
https://www.arm.com/resources/guide/machine-learning-on-cortex-m
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Thank you for attending

Please consider the resources below:
*  Wwww.beningo.com

- Blog, White Papers, Courses

- Embedded Bytes Newsletter
« http://bitly/TBAHYXm
- Embedded Software Design

e https://www.beningo.com/embedded-software-design/

From www.beningo.com under
- Blog > CEC - Embedded Software using Rust

22

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.


http://www.beningo.com/
http://bit.ly/1BAHYXm
https://www.beningo.com/embedded-software-design/
http://www.beningo.com/
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