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Modules

Rust does not have namespaces, but it does have a way to separate code in
modules. This separation implies some visibility restriction (within and/or outside

the module).

The general rule is that within a module, everything (declared in that module) is
visible for every code in that module.

A module can be declared in two ways:
1. Using mod {...}
2. Using mod <file>



Modules

Let’s see a simple example:

i

mod math { error[E@603]: function “add’ is private
fn add(x: 132, y: i32)-> i32 { "7> srcmain.rs:7:21

|
X+y 7 | let res = math::add(10,20);
| AAn private function

}

} I

note: the function “add™ is defined here

fn main() {
let res = math::add(10,20); |
println! ("{res}"); 2 I fn add(x: i32, y: i32)-> i32 {

--> src\main.rs:2:5

Notice that function add is not visible (cannot be called) from function main.

Function add is considered private outside its module.



Modules

Let’s see a simple example:
Rust

p— Output
fn add(x: i32, y: i32)-> i32 { _
X+Yy
}
fn test() {
println!("{}",add(1,2));

}
}
fn main() {

println! ("0K");

}

Notice that function test can call function add. This is because both of them are
part of the same module (math) and as such each one of them is visible for the
other one.



Modules

So ... how can we change the visibility of a function/object so that it can be
accessible outside its module ?

Rust has a special keyword called pub (short from public) that can be used for this
scope.

“pub” keyword has several formats:
* pub

pub (super)

pub (crate)

pub (self)

pub (in <name>)



Modules

Let’s see a simple example:
Rust

E— Output
pub |fn add(x: 132, y: 132)-> i32 { _
X+y

}

}
fn main() {

let res = math::add(10,20);
println!("{res}");

Now the code work.

Notice the usage of “pub” keywork in front of the definition for a function.



Modules

Inner modules have to be made public in order to be accessible from outside their
module the pub keywork must be use in front of them, even if math::simple::add is
defined as pub.

Rust

mod math {
mod simple {
pub fn add(x: i32, y: i32) -> i32 {
X +y
} error[E0603]: module “simple” is private
} --> src\main.rs:14:21

L L L. . |
fn add(x: 132, y: 132, z: i32)-> 132 { 14 | let res = math::simple::add(10, 20);

private module

simple::add(simple::add(x,y), z) |
} I

} note: the module “simple” is defined here
. rnaij() { --> src\main.rs:2:5
let res = math::simple::add(10, 20); mod simple {
println!("{res}");




Modules

One we add the pub specifier in front of the simple module, we can access
math::simple::add . Keep in mind that we can not access math::add as it is not pub,
but that function can access the add function from module simple.

Rust




Modules

In this case, math::simple::add is not public while math::add is. This means that
from main math::add is accessible, and from math::add, math::simple::add is
accessible because it is public.

Rust

mod math {
mod simple {
pub fn add(x: i32, y: i32) -> i32 {
X + Yy
}
}
pub fn add(x: i32, y: i32, z: i32)-> i32 {

simple::add(simple::add(x,y), z)

}
}
fn main() {

let res = math::add(10, 20, 30);
println!("{res}");




Modules

At the same time, if we remove the pub from the math::simple::add, then it can
not be access from math::add and as such the program will not compile.

Rust

mod math {
mod simple {
fn add(x: i32, y: i32) -> i32 {
X + Yy
}
}
pub fn add(x: 132, y: 132, z: i32)-> i32 {
simple::add(simple::add(x,y), z)
}

}
fn main() {

let res = math::add(10, 20, 30);
println!("{res}");

Error

error[E@603]: function “add’™ is private
--> src\main.rs:8:17

simple::add(simple::add(x,y), z)
AAN private function

note: the function “add” is defined here
--> src\main.rs:3:9
I

N fn add(x: i32, y: i32) -»> i32 {

| ANNNNNNNNNNNNNNNNNNNNNANNNANNNN

error[E@603]: function “add”™ is private
--> src\main.rs:8:29

simple::add(simple::add(x,y), z)
AAN private function

note: the function “add” is defined here
--> src\main.rs:3:9
I

X fn add(x: i32, y: i32) -»> i32 {

| ANNNANNNNNNNNNNNNNNNNNNNNNNNANNN



Modules

But what if we want to access a function define in another module that is not a
child of the current module ?

Rust

inple | 0

(super) fn add(x: i32, y: i32) -> 132 {
X + Yy

complex {
fn add(x: i32, y: i32, z: i32) -> 132 {

super::simple::add(super::simple::add(x, y), z)

fn main() {
let res = math::complex::add(10, 20, 30);
println!("{res}");



Modules

But what if we want to access a function define in another module that is not a
child of the current module ?

Rust

sinple 0

fn add(x: 132, y: i32) -> 132 {
X + Yy

complex { Notice the usage of indicator “super” to
fn add(x: 132, y: i32, z: i32) -> i32 { explicitly address function “add” from

super | :simple: :add( module simplet



Modules

Another observation is that we need both “add” function to be public and the modules
they are in to be public as well (simple and complex) for the next code to compile.

Rust

sinple 6030

fn add(x: i32, y: i32) -> i32 {
X + Yy

complex {
fn add(x: i32, y: i32, z: i32) -> 132 {

super::simple::add(super::simple::add(x, y), z)

fn main() {
let res = math::complex::add(10, 20, 30);
let res2 = math::simple::add(10, 20);
println! ("{res},{res2}");



Modules

Another observation is that we need both “add” function to be public and the modules
they are in to be public as well (simple and complex) for the next code to compile.

Rust

pub mod simple {

PLp in+a$d(X: B2y asa) e s But what if we want this function to be available in math

} module, but is uncacheable outside math module ?




Modules

The solution is to declare math::simple::add function as pub(super). This will make it
unaccesible from outside math module.

Rust
Error

error[E@603]: function “add” is private
--> src\main.rs:15:30

pub (super)|fn add(x: i32, y: i32) -> i32 { |
X 15 | let res2 = math::simple::add(10, 20);
} y | Ann private function
|

note: the function “add”™ is defined here
--> src\main.rs:3:9
I

3 | pub (super) fn add(x: i32, y: i32) -> i32 {

| ANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANAN

let res2 = math::simple::add(10, 20);




Modules

The solution is to declare math::simple::add function as pub(super). This will make it
inaccessible from outside math module.

Rust

pub mod simple {
pub (super) fn add(x: i32, y: i32) -> i32 {
X + Yy

complex {
fn add(x: i32, y: i32, z: i32) -> i32 {

super::simple::add(super::simple::add(x, y), z)

fn main() {
let res = math::complex::add(10, 20, 30);
println! ("{res},{res2}");



Modules

The rule is that by default, everything declared within a module is considered
private (meaning that it can be access by everything declared in that module and
its ancestors) but not from other locations (other modules).

OBS: for a struct, this rule includes its member and its implementation (if a struct
its declared public but its members are not, then its members can not be accessed
from another modules).

There are two exceptions from this rule:

1. If a trait is declared public, its associated items are public as well

2. If an enum is declared public, its variants are public as well



Modules

Let’s see some examples and discuss how visibility rules work here:

mod a {
mod b {
fn add(x: i32, y: i32) -> i32 { x + vy }
mod c {
fn inc(x: i32) -> i32 { x+1 }
mod d {
fn sub(x:132, y:132) -> 132 {
super: :super::add(x,-y)

}

fn main() {
println!("ok");

}




Modules

Let’s see some examples and discuss how visibility rules work here:

fn add(x: i32, y: i32) -> i32 { x + vy }

super::super::add(x,-y)

First “super” refers to function sub parent, and since function

au_n
C

sub is located in module “d”, it refers to (module “d” parent)




Modules

Let’s see some examples and discuss how visibility rules work here:

fn add(x: i32, y: i32) -> i32 { x + vy }

super::super::add(x,-y)

Second “super” refers to the parent of “c” (obtained from the
previous super call) that is “b”

First “super” refers to function sub parent, and since function
sub is located in module “d”, it refers to “c” (module “d” parent)




Modules

Let’s see some examples and discuss how visibility rules work here:

fn add(x: i32, y: i32) -> i32 { x + vy }

This means that “super::super::add(...)" refers to the
“a::b::add(...) method.

super::super::add(x,-y)

“a::b::add(...)” is private. However, it
can be accessed by any ancestor of “b”




Modules

Let’s see some examples and discuss how visibility rules work here:

fn add(x: i32, y: i32) -> i32 { x + vy }

super::super::add(x,-y)

Alternativelly, you can use the following A crate is a compilation unit in rust (but for the
syntax to refer to the same thing: moment we can look at the concept as the root of
crate::a::b::add(x,-y) all modules from the current library/application).




Modules

Let’s modify the previous example so that we can access function sub from main.

Rust Error

mod a error[E0603]: module "b” is private

mod b { --> src\main.rs:15:16

. . . |
tn add(x. 132, y: 132) -> 132 { x +y } 15 | let x = a::b::c::d::sub(10,4);

mod c { | A private module

fn inc(x: i32) -> i32 { x+1 } |

mod d { note: the module "b” is defined here

. . . --> src\main.rs:2:5

pub|fn sub(x:i32, y:i32) -> i32 {

crate::a::b::add(x,-y) 2 | mod b {

} | AAAAN

The code will not compile, but the reason is not because sub
fn main() { function is not public, is because the path to sub function (b,c and d)
let x = a::b::c::d::sub(10,4); are not public.
println! ("{x}");

Module “a” does not have to be public as it is at the same level as
function main.




Modules

Let’s modify the previous example so that we can access function sub from main.

mod a {
pub jmod b {

pub fmod ¢ {

pub imod d {
pub fn sub(x:i32, y:i32) -> i32 {

Not the code compiles and prints 6.
tbiic:id:iisub(1e,4); Keep in mind that function sub also
has to be public to be accessed.



Modules

Let’s see how a structure works with modules:

ALt

mod a { error[E0603]: struct "MyClass is private
--> src\main.rs:7:16

struct |MyClass

. |
X: 132 7 | let a = a::MyClass {x: 10};
| ANNANAN private struct

}

} |

note: the struct "MyClass® 1is defined here
--> src\main.rs:2:5

fn main() {
let a = a::MyClass {x: 10};
println!("{}",a.x); p) I struct MyClass {

Notice that in this example, MyClass structure is private and as such trying to access it
from outside its module is not possible.

The first step we should do is to make it public.



Modules

Let’s see how a structure works with modules:
Rust

mod a {
pub|struct MyClass {
X: 132
} 8 println!("{}",a.x);
} ~ private field

error[E0616]: field "x° of struct "MyClass  1is private
--> src\main.rs:8:21

fn main() {
let a = a::MyClass {x: 10};
println!("{}",a.x);

However, even if we make struct MyClass public, the code will not compile as one of its
fields that is required for initialization (MyStruct::x) is not public !

The solution is to make MyStruct::x public as well.



Modules

Let’s see how a structure works with modules:

mod a {
pub_struct MyClass {
pubjx: 132
}

}

fn main() {
let a = a::MyClass {x: 10};
println!("{}",a.x);

Now the code compiles as expected.

But what if we don’t want MyStruct::x to be accessible ?
Can we find a way to create an object of type MyStruct but without having access to

data member “x” ?



Modules

Let’s see how a structure works with modules:
Rust

mod a {
pub struct MyClass {
X: 132
} The solution is to create two method:

impl MyClass { _ »  MyClass::new(...)[to create an object of
pub fn new(value: i32)->MyClass { MyClass { x: value } }

pub fn get(&self)->i32 { self.x } type MyClass

} MyClass:.get() to retrieve the value of

} data member “x”
fn main() {

let a = a::MyClass::new(10);
println! ("{}",a.get());

Notice that both new and get methods from MyClass have the pub specifier. If we don’t

explicitly add that specifier, those methods will not be available outside module “a”and
as such the code from main will not compile.



Modules

But what if we have a different scenario (for the same structure MyClass).

We want to be able to access data member “x” at any time (both read and write) but
we don’t want to be able to create an object of type MyClass in the standard way. In

other words, considering the following code:

mod a {
pub struct MyClass { .. }

}

fn main() {
let a = a::MyClass {x: 10};
println!("{}",a.x);

}

We would like for:
1. Line ISSECEER-MNUIVGIEITEED'SINIZIN to be impossible (should not compile)

2. Line [N RN GRS NP to be possible (should compile)




Modules

The solution is to add an extra member to the structure MyClass (let’s call it for the
moment “extra”) That member has to be private and as such instantiation of MyClass
object will not possible. This is often referred to as a phantom member.

e

mod a { error[E@Q451]: field “extra  of struct "MyClass is private
pub struct MyClass { --> src\main.rs:8:32

pub x: 132,

extra: 132

|
8 | let a = a::MyClass {x: 10, extra: 0};
| AAAAAAAA private field

}

}
fn main() {

let a = a::MyClass {x: 10, extra: 0};
println! ("{}",a.x);

This solution has a drawback = an object of type MyClass now has a size of 8 (instead
of 4, its original size).



Modules

Let’s see how this solution works:
Rust

mod a { 10, size=8
pub struct MyClass {

pub x: 132,

extra: 132
¥
impl MyClass {

pub fn new(value: i32) -> MyClass { MyClass { x: value, extra: @ } }
}

}
fn main() {

let a = a::MyClass::new(10);
println! ("{}, size={}",a.x,std::mem::size of::<a::MyClass>());

Q: What can we do to make MyClass of size 4 (its designed size) but still respect our
constraints (in C++ we would have used a private constructor).



Modules

The solution lies in creating a ZST (Zero Sized Type) that can be used for the type of the
“lextra” data member:

Rust

mod a {

10, size=4
struct MyEmptyStruct;

pub struct MyClass {
pub x: 132,
_extra: MyEmptyStruct
}
impl MyClass {
pub fn new(value: i32) -> MyClass { MyClass { x: value, _extra: MyEmptyStruct{} } }

}

}
fn main() {

let a = a::MyClass::new(10);
println! ("{}, size={}",a.x,std::mem::size of::<a::MyClass>());




Modules

A similar solution can be obtained via a special generic/template called PhantomData.
This allows adding various data members within a structure that will are not public but
have a size 0 and as such no impact on the final size of the structure.

Rust

v Output
use std::marker::PhantomData;
pub struct MyClass {

pub x: 132,

_extra: PhantomData<MyClass>

}
impl MyClass {

pub fn new(value: i132) -> MyClass { MyClass { x: value, _extra: PhantomData::default() } }

}
}
fn main() {

let a = a::MyClass::new(10);
println! ("{}, size={}",a.x,std::mem::size of::<a::MyClass>());




Modules

An even more simple solution is to use the void type (). The result is similar, and it does
not require any use of another module or an ZST structure.
Rust

Output
mod a {
pub struct MyClass {

10, size=4
pub x: 132,

_extra: ()

}
impl MyClass {
pub fn new(value: i32) -> MyClass {
MyClass A
X: value,
_extra: ()

fn main() {
let a = a::MyClass::new(10);

println! ("{}, size={}",a.x,std::mem::size of::<a::MyClass>());




Modules

A similar solution can be obtained via a special generic/template called PhantomData.
This allows adding various data members within a structure that will are not public but

have a size 0 and as such no impact on the final size of the structure.
Rust

_extra: PhantomData<MyClass>

PhantonData generic is defined as follows:
pub struct PhantomData<T: ?Sized>;




Modules

A similar solution can be obtained via a special generic/template called PhantomData.
This allows adding various data members within a structure that will are not public but
have a size 0 and as such no impact on the final size of the structure.

10, size=4
Notice the “ ” (underline) character in from of the name of this phantom variable.
While not required, it is recomanded that private members (or members that will
not be used to be prefixed by an underline so that Rust compiler will know not to

throw warnings related to them (e.g. unused variable).




Modules

Let’s see how an enum works with modules:

mod a {
derive( )
pub lenum Color {
Red,
Green,
Blue

}

}
fn main() {

let ¢ = a::Color::Red;
println!("{:?}",c);

This is one exception (since we have an enum we don’t need to add pub for each of its
variants, they are implicitly public when we define the enum pubilic).

OBS: The same logic applies for public traits in regard to their methods.



Modules

We can also use modules to simulate a static data member for a structure.
Rust

mod a {
static mut counter: i32 = 0;
pub struct MyClass { pub x: i32 }
impl MyClass {
pub fn new() -> MyClass {
unsafe {
crate::a::counter += 1;
MyClass { x: crate::a::counter }

}
}
pub fn get(&self) -> i32 { self.x }
}
}
fn main() {
for 1 in 0..5 {

let instance = a::MyClass::new();
println! ("{}", instance.get());




Modules

There are also cases where you might not want to use the full qualifier name every
time (especially it is long) -> for example the next example:

mod a_very long module {
pub struct MyClass { pub x: i32 }

}

fn main() {
let obj = a_very long module::MyClass { x: 10 };
println! ("{}", obj.x);

The solution is to use the “use” keyword in the following way:

use a_very long module::*; use a_very long module::MyClass;

let obj = MyClass { x: 10 }; let obj = MyClass { x: 10 };




Modules

It is also possible to re-export a structure or a function by using the “pub use” syntax
within another module. In the next example, a::b::c::add(...) is not visible from main
because b is not public. However, the use of pub use in module “a” makes it visible.

Rust

mod a {
mod b {
pub mod c {
pub fn add(x:1i32, y: i32)-> i32 { x+y }
}
}
pub use self::b::c::add;
}
fn main() {
let x = a::add(10,20);

Notice that we don’t call the add function by its full qualifier
println! ("{x}"); a::b::c::add(...) but after its re-export qualifier:(a::add(...)




Modules

It is also possible to re-export a structure or a function by using the “pub use” syntax
within another module. In the next example, a::b::c::add(...) is not visible from main
because b is not public. However, the use of pub use in module “a” makes it visible.

Rust

Notice the usage of self to refer to the current module.
This is preferred when talking about relative paths

pub use|self:|:4




Modules

It is also possible to re-export a structure or a function by using the “pub use” syntax
within another module. In the next example, a::b::c::add(...) is not visible from main
because b is not public. However, the use of pub use in module “a” makes it visible.

Rust

It is also important for “c” module and “add” function to be
public so that the entire path is accessible from module “a”

pub use self::b:|c::add;




Modules & Multiple files



Modules & multiple files

Sometimes a program is too large to keep it in a single file. Even if that file is
organized into multiple modules, it is still hard to navigate around it. The solution is
to split that file into multiple ones and create a module like hierarchy around this.

Currently, Rust considers that each module should be form out of:

* Afile with the name <module>.rs that contains module specific definitions, re-
exports, etc

* An optional folder with the name <module> that will include sub-modules of the
parent module (if any — hence optional).



Modules & multiple files

Let’s consider the following hierarchy for a mathematical module:

* math = root module

* simple 2 a module that contains simple operations (like sum of two number, multiplication of two
numbers, etc)

* complex 2 a module that contains more complex operations (like sum of all numbers from an
array, or their product, ...)

» constants 2 a module that contains some mathematical constants (like Pi, E, etc)
» other 2 logs and debug stuff

* debug = debug methods for testing the result

* log 2 log method

Observations:
* “math::other” module should not be accessible outside math module.
 Methods from “math::other::log” or “math::other::debug” must be visible within math module
* “math” module must have some configuration functions (to enable/disable debug/log)




Modules & multiple files

—> create a hierarchy of files and folders within the /src folder of our Rust program

I src
& math

% simple.rs

% complex.rs

3| constants.rs
& other
% debug.rs

= log.rs
other.rs

math.rs
B main.rs




Modules & multiple files

m —> Let’s write the code for “debug” and “log” modules

& src st
’_ static mut enabled: bool = false;
a math pub(in crate::math) fn msg(s: &str) {
3 simple.rs unsate {
if enabled {
S| complex.rs println! ("{}", s);
. }
_Eﬁ constants.rs }
}
E other pub(in crate::math) fn enable debug mode(value:
% debug.rs unsafe {

enabled = value;

= log.rs }
other.rs

math.rs
B main.rs




Modules & multiple files

m —> Let’s write the code for “debug” and “log” modules
& src i

& math
% simple.rs

pub(in crate::math)

Notice that both method are public
% complex,rs (but only in crate::math'l)

This means that they can be accessible with

3| constants.rs
& other
%I debug.rs

= log.rs
other.rs

math.rs
B main.rs

math module, but not outside it.

pub(in crate::math)




Modules & multiple files

m —> Let’s write the code for “debug” and “log” modules

& src i
’_ static mut enabled: bool = false;
aw math pub(in crate::math) fn msg(function: &str, s: &str) {
S| simple.rs unsafe {
if enabled {
% complex.rs println!("Logging: (Function: {}) -> {}", function, s);
- }
_Eﬁ constants.rs }
}
E other pub(in crate::math) fn enable_log mode(value: bool) {
% debug.rs unsafe {
enabled = value;
= log.rs }
= other.rs

math.rs
B main.rs




Modules & multiple files

JIE > Let’s write the code for “other” module

& src i
pub (in crate::math) mod debug;
& math pub (in crate::math) mod log;
% simple.rs
In this case the code is quite simple. File “other.rs” just creates two new
% complex.rs sub-modules (debug and log) that corresponds to the files debug.rs and
Tgﬁ constants.rs Io.g.tjs and that are public (in crate'::m'ath) - meaning that they are visible
within math module, but not outside it.
& other
debug.rs
=2 log.rs
other.rs
% math.rs
B main.rs




Modules & multiple files

m —> Let’s write the code for “constants” module

Rust
& src
pub const PI: 32 = 3.14;

& math
% simple.rs

pub const E: 32 = 2.71;

In this case both constants are declared as public (meaning that they can be
% complex.rs used from outside module main).

S| constants.rs
& other
% debug.rs

= log.rs
other.rs

math.rs
B main.rs




Modules & multiple files

m —> Let’s write the code for “complex” module

— Rust

A SIC : :

pub fn sum(v: &[i32]) -> 132 {
& math let mut elements_sum =

N for elem in v {
3 slmple.rs elements_sum += elem;

% complex.rs ¥
elements_sum

% constants.rs

fn prod(v: &[132]) -> 132 {

E other let mut elements prod = 1;
A for elem in v {
3 debug.rs elements_prod *= elem;
E log.rs ¥
N elements_prod
other.rs

math.rs Notice that both “sum” and “prod” functions are declared as public (se'that
B main.rs they will be accessible from outside math module).




Modules & multiple files

m —> Let’s write the code for “simple” module

I src
i

th

=| simple.rs

7B

%I complex.rs

3| constants.rs
& other
% debug.rs

= log.rs
other.rs

math.rs
B main.rs

Rust

pub fn add(x: 132, y: 132) -> 132 {
crate::math::other::debug::msg("add two numbers");
crate::math::other::log::msg("simple::add","add two numbers");
X +y

}

pub fn mul(x: 132, y: i32) -> i32 {
crate::math::other::debug::msg("multiply two numbers");
crate::math::other::log::msg("simple::mul”,"multiply two numbers");
X *vy

Notice that both “add” and “mul” functions are declared as public.
Before each one of them is called, they call function from both “debug” and
“log” module that if enable will print a message on the screen.



Modules & multiple files

NiT: W/ = Let’s write the code for “math” module

& src i —
pub mod simple;
E math pub mod complex;
= . pub mod constants;
% s:mple.rs mod other;
%I complex.rs derive( )
- pub enum InfoMode {
_Eﬁ constants.rs None,
Log,
E other Debug
N }
% debug.rs
= pub fn set_info_mode(mode: InfoMode) {
_Eﬁ Iog.rs other::debug: :enable_debug mode(mode == InfoMode: :Debug);
F_ﬁ other::log::enable_log mode(mode == InfoMode::Log);
=| other.rs
math.rs
B main.rs




Modules & multiple files

N1 W/ = Let’s write the code for “math” module

I src
& math

% simple.rs
% complex.rs

3| constants.rs
& other

% debug.rs
= log.rs
2 other.rs

math.rs

B main.rs

Rust

pub mod simple; Notice that module simple) complexiand constants
pub mod complex; are defined here and are declared as public (so that
pub mod constants; . .

they can be accessible from outside math module).




Modules & multiple files

N1 W/ = Let’s write the code for “math” module

I src
& math

% simple.rs
% complex.rs

3| constants.rs
& other

% debug.rs
= log.rs
2 other.rs

math.rs

B main.rs

Rust

Notice that module other, is declare as private. This means
that it can be accessed from here but not outside math
mod other; module. This combine with pub (in crate::math) declaration
for functions/modules from other, makes those functions
accessible in math but not outside it.




Modules & multiple files

N1 W/ = Let’s write the code for “math” module

I src
& math

% simple.rs
% complex.rs

3| constants.rs
& other

% debug.rs
= log.rs
2 other.rs

math.rs

B main.rs

Rust

derive( )
pub enum InfoMode { We need this enum to explain what kind of logging

None, method we want to have. As such, this enum is

Log,

Debug declared public (and subsequentially, its variants

are public as well).



Modules & multiple files

N1 W/ = Let’s write the code for “math” module

& src AUSE
& math
% simple.rs

% complex.rs

Finally, module math also exports

Tgﬁ constants.rs (besides its submodules, a method
to enable/disable loging mode).
& other
% debug.rs
= pub fn set _info_mode(mode: InfoMode) {
_Eﬁ Iog.rs other::debug: :enable_debug mode(mode == InfoMode: :Debug);
F=ﬁ other rs other::log::enable_log mode(mode == InfoMode::Log);

math.rs
B main.rs




Modules & multiple files

ok = Let’s write the code for “main.rs” file

i src Oath. Notice that we still have to define math as a module ! If we don’t
: do this, its functions and sub-modules will not be accessible !
& math ) ¢
% SImpIe.rS println! ("142 = {}",math::simple::add(1, 2));
_D println!("2*4 = {}",math::simple::mul(2, 4));
;I complex.rs
S\ constants.rs let v = [1,2,3,4,5];
println!("Sum of all elements from {:?} is {}",&v, math::complex::sum(&v));
E Other println! ("Product of all elements from {:?} is {}",&v, math::complex::prod(&v));
% dEbug-rs println! ("Pi = {}, E = {}", math::constants::PI, math::constants::E);
= log.rs
N math::set _info _mode(math::InfoMode: :Debug);
Other.rs println!("142 = {}",math::simple::add(1, 2));
math::set _info _mode(math::InfoMode::Log);
println!("142 = {}",math::simple::add(1, 2));
math'rs math::set_info_mode(math::InfoMode: :None);
» . println! ("1+2 = {}",math::simple::add(1, 2));
|:| main.rs




Modules & multiple files

Upon execution, the next program should print the following:

& src RUSt
& math

Q simple.rs 1173
%I complex.rs 2*4 =8
f_ﬁ Sum of all elements from [1, 2, 3, 4, 5] is 15
=| constants.rs Product of all elements from [1, 2, 3, 4, 5] is 120
& other Pi=3.14,E=2.71

% debua.rs add two numbers

= g. 142 =3

% Iog.rs Logging: (Function: simple::add) -> add two numbers
other.rs 23

: 1+42 =3

math.rs
B main.rs




Crates



Crates

A crate in Rust is a compilation unit (e.g a library). In terms of binary output, a crate
can correspond to a .dll file in Windows or a .80 file in Unix based systems or a
.adylib in OSX.

To create a crate, use the following cargo command:

cargo new --lib <library_name>

Example: running the next command: ‘(I RaAVES I R\l will create:

e Folder: my new_math lib
* Folder: src
* File: lib.rs =» this is the main entry for the new library.
* File: Cargo.toml



Crates

Usually, the code from lib.rs will indicate the functions/modules that are exported:
Rust

If the library is more complex, other modules can be built (similar to what we have
discussed on the previous chapters) and lib.rs just links all modules together.

Notice that if you want to export something out of the crate you have to mark it as
public.



Crates

But what happens when we build a crate = it depends on what is its purpose. There
are a couple of reasons a crate is being created:

1. To act as a library for another Rust program (the default case). This implies static
linkage between another Rust program and this crate

2. A dynamic linked library ( [Windows: .dll, Linux: .so, OSX: .dylib] ). This implies
other programs (maybe written in a different language can use this library)

3. A static library for other programs written in a different language.

While each one of these cases, relies on the existing of lib.rs, the difference is made
from cargo.toml file



Crates

—> a static library for another Rust program

cargo.toml The cargo.toml file contains just the regular fields: name,

[package] version and edition. Optionally if other similar crates are being
used in this one, they are refered in the section dependencies.

The execution of [Elf{eReI¥flfs will not produce a binary, but an
object file named: lib<name>.rlib (in our case it will be named
libmy math_lib.rlib)

[dependencies]




Crates

—> a static library for another Rust program

cargo.toml The cargo.toml file contains just the regular fields: name,

[package] version and edition. Optionally if other similar crates are being
used in this one, they are refered in the section dependencies.

The execution of [Elf{eReI¥flfs will not produce a binary, but an
object file named: lib<name>.rlib (in our case it will be named
libmy math_lib.rlib)

[dependencies]




—> a static library for another Rust program

You can use such a crate in other Rust programs in different ways:

1.

2.
3.
4

You can publish it in crates.io and then use it as a dependency
You can upload it to a git repository and link it directly from there
You can keep it locally and link it directly from its local folder

You can use your own registry

Crates



Crates

—> a static library for another Rust program
1. Publish to crates.io and use it as a dependency

Before you publish it, you need to make sure that your cargo.toml has the following fields:

cargo.toml

[package]




Crates

—> a static library for another Rust program
1. Publish to crates.io and use it as a dependency

Before you publish it, you need to make sure that your cargo.toml has the following fields:

cargo.toml

Required for compatibility reasons (an edition is a release in time where
backwards compatibility is not maintained anymore). Currently, there are three
editions: 2015, 2018fand 2021



Crates

—> a static library for another Rust program
1. Publish to crates.io and use it as a dependency

Before you publish it, you need to make sure that your cargo.toml has the following fields:

cargo.toml

A specific category that crates.io uses to filter down crates
(ex: development-tools::procedural-macro-helpers)
A list of all supported categories can be found here:


https://crates.io/categories/

Crates

—> a static library for another Rust program
1. Publish to crates.io and use it as a dependency

Before you publish it, you need to make sure that your cargo.toml has the following fields:

cargo.toml

You need to upload your crate to a public repo




Crates

—> a static library for another Rust program
1. Publish to crates.io and use it as a dependency

Before you publish it, you need to make sure that your cargo.toml has the following fields:

cargo.toml

Make sure that you have a readme file
(markdown format .md) in your repo where you
describe how that crate should be used.



Crates

—> a static library for another Rust program
1. Publish to crates.io and use it as a dependency

After you finish completing your cargo.toml file , you can run the following command to
publish your crate:

cargo publish

You can also run [El{eN I8l liN e Ia'Rd¥s] to test for errors before uploading a new
version.

OBS: You have to create an account on crates.io first !

OBS: Make sure that you increment your version (in cargo.toml) file before you are
uploading to crates.io



Crates

—> a static library for another Rust program
1. Publish to crates.io and use it as a dependency

Once you finish uploading , you (or someone else) can use it by simply adding your crate
in his Rust application cargo.toml dependencies section.

cargo.toml (for another application)

[package]

In this case, another application is using [dependencies]
“my_math_lib” version 0.1.0 in its
dependencies.




Crates

—> a static library for another Rust program
2. Link your crate from a git repository

Once you crate is completed, uploaded to a link repo and link it in another application in
the following way:

cargo.toml (for another application)
ELERE

[dependencies]

{ In this context, <a git URI> can be an URI towards any git
based system (e.g. github, bitbucket from Atlassian, etc).
The branch name is optional.




Crates

—> a static library for another Rust program
3. Link from your local hard drive

In this case, it is easier, just specify the location of the crate in your hard drive in the
following way:

cargo.toml (for another application)

EERE

[dependencies]

{ In this context, <path to crate>fis a local folder where the

(

crate is located. Relative paths (*
} well.

/../.....") are accepted as




Crates

—> a dynamic library that another program can use

cargo.toml

The first step is to add a [lib] section and specify that

[package] the crate type (cdylib [C dynamic Library])

Crate-type supports other types as well:

[dependencies] ;%Itl)b
* rlib
- e staticlib

* proc-macro




Crates

—> a dynamic library that another program can use

We will also need to change the way we write our exported functions:
Rust

pub extern "C" fn add(x: i32, y: i32) -> i32 {
X + Yy

}

1. The “#[no_mangle]” attribute is required as Rust mangles symbols and as such
other applications can’t use them.

2. The “extern "C" “ specifier is required so that Rust exports that function in a way a
program like C/C++ can understand.



Crates

—> a dynamic library that another program can use
Upon compiling, a .dll or a .so or a .dylib will be created that export the function add.

That library can be used in a C/C++ program in the following way:
C/C++ program (for Windows)

##tinclude <Windows.h>
#include <stdio.h>

typedef int32 t (* FNADD)(int32 t,int32 t);

void main() {
auto = LoadLibraryA("my math 1lib.d11");
auto = (FNADD)GetProcAddress( ,"add");
printf("%d", (1,2));

OBS: We consider my_math_lib.dll the binary result obtain when running cargo build.



Crates

—> a static library that another program can use

cargo.toml

The first step is to add a [lib] section and specify that
[package] the crate type (static)

The execution of [Elf{eleI8Mlle| Will produce a static library
, file (*.lib) (in our case it will be named my_math _lib.lib)
[dependencies]

That library file can further be used in a C/C++ program
for linkage (option -l from C/C++ compiler).

BELY




Conditional Compilation



Conditional Compilation

In rust, a Conditional compilation means building different branches of code based
on some condition (features) that can be activated or not.

The closest similarity in C/C++ is #ifdef or #ifndef compounds.

In Rust a similar functionality is achieved with:
1. cfg proc macro attribute: ;fai:{#8]

2. cfg macro: @id{ 8!

Conditional compilation works based on features (that can be considered a

Boolean value), that can be:
1. Custom (defined by user). ALL CUSTOM FEATURES MUST be defined in cargo.toml file

2. Predefined (e.g. current operation system).



Conditional Compilation

The following steps must be performed when defining custom features:
1. Add a list of features in cargo.toml file into the section features
2. Use that feature (via #[cfg(...)] or cfg!(...) ) in your program

3. Either:
1. enable that feature directly in cargo.toml (via default key)
or

2. use --features <name,, name, , name,, > with cargo command line to enable one or multiple
features

OBS: Notice that unlike C/C++ where a feature that enables conditional programming in a program
does not have to be defined but can be used with the parameter “—D” from command line, in Rust all
feature MUST be defined in cargo.toml file in order to be used with cargo command line.



Conditional Compilation

The general format of #[cfg(...)] attribute implies a logical condition (expression) that
if evaluated with true will enable the next block from the program in the compilation
phase. An expression from #[cfg(<expression>)] can be:

* Asimple key="value” expression (where key is usually feature). Example: _

* Another expression that uses not, and or any to create a more complex expression

The compound after the #[cfg(...)] can be:

A variable definition _
A type/struct definition Bicig(] StructEnames

A module Hfcf(=)]pubmod <hame>{]

And others ...

N O U hREwWDNRE



Conditional Compilation

Let’s see a simple example (with code and cargo.toml).

cargo.tom/ Rust C++ (equivalent code)

#ifdef METHOD A
void foo() {
printf("Method A");

[package]

( = "METHOD_A")
fn foo() {
println!("Method A");

}

} ;
( = "METHOD_B") #endif

fn foo() {

println!("Method B"); #ifdef METHOD_B

void foo() {
printf("Method B");

[ features]
METHOD_ A
METHOD_ B

}
fn main() {

foo(); }

} #tendif

void main() {

There are two options to run this program: , el




Conditional Compilation

Let’s see a simple example (with code and cargo.toml).
cargo.toml

[package]

Rust
( = "METHOD_A")

fn foo() {

println! ("Method A");
}

[ features]
METHOD A = []
METHOD B = []

fn main() {
foo();

}

There are two options to run this program:
1. Run “cargo run --features METHOD A"

C++ (equivalent code)

#ifdef METHOD A
void foo() {

printf("Method A");
}
#endif

#ifdef METHOD B
void foo() {

}
#tendif

printf("Method B");

void main() {

foo();
}



Conditional Compilation

Let’s see a simple example (with code and cargo.toml).

cargo.tom/ Rust C++ (equivalent code)

#ifdef METHOD A
void foo() {
printf("Method A");

( = "METHOD_A")
fn foo() {

println! ("Method A"); }
#endif

}
#ifdef METHOD B
void foo() {

printf("Method B");

[ features]
default = ["METHOD A"]

fn main() {

foo(); }

} #tendif

void main() {

. . f ;
There are two options to run this program: y 200
1. Run “cargo run --features METHOD_A”

2. Set a default field with a list of features to be automatically enabled upon execution and run the
program with a “cargo run”




Conditional Compilation

Let’s see a simple example (with code and cargo.toml).
cargo.toml Rust

( = "METHOD_A")
fn foo() {
println!("Method A");

error[EQ428]: the name “foo  is defined multiple times
--> src\main.rs:6:1

I
2 | fn foo() {

previous definition of the value "“foo™ here

}
( = "METHOD B")

fn foo() {
[ features] println! ("Method B");

default = ["METHOD_A"] 1};n main() {

foo();

6 | fn foo() {
| AAAAAAAA ‘-Foo‘ r\ede'Fined her‘e

}

Those two methods, if combine are NOT exclusive (meaning that if we run: “cargo run --

featuresIMETHOD_gl’ then both METHOD_A and METHOD_B will be enabled and the code will not
compile as there are two foo methods).




Conditional Compilation

Let’s see a simple example (with code and cargo.toml).

cargo.toml Rust

( = "METHOD_A")
fn foo() { Method B
println! ("Method A");
}
( = "METHOD_B")
fn foo() {

[featur'es] println! ("Method B");

default = ["METHOD_A"] Lqmaﬂﬂ) {

foo();

}

The solution in this case is to use --no-default-features parameter in the cargo
command line followed by the enablement of another feature via --features parameter:

Icargo run --no-default-features --features METHOD_BI




Conditional Compilation

But what if we don’t want to define two separate features, but instead we want to
define one and if not set have another action/function defined that we can use
(something like #ifdef ... #else ... #endif from C/C++). To do this we can negate the cfg
attribute in the following way: #[cfg(not(...))]

cargo.toml|

[package]

[features]
METHOD A =

[]

Rust

( = "METHOD_A")

fn foo() {

}

println! ("Method A");

( ( = "METHOD_A"))

tn foo() {

}

println!("Method B");

fn main() {

}

foo();

C++ (equivalent code)

#ifdef METHOD A
void foo() {
printf("Method A");
}
#else
void foo() {

printf("Method B");

}
#tendif

void main() {
foo();

}



Conditional Compilation

Similarly, any and all can also be combined to check is one feature has been set up or if
all features have been set up. The general format is:

* ANY -> #[cfg(any(feature="feature,” , feature="feature,” , ... feature="feature”))]

* ALL - #[cfg(all(feature="feature,” , feature="feature,” , ... feature="feature”))]

* NOT in various combinations such as = #[cfg(not(all(feature=“feature,” ... feature=“feature_”)))]

cargo.toml

[package]

[features]
FEAT A = []
FEAT B = []

Rust

(any( = "FEAT_A", = "FEAT_B"))
fn one_of A or B() {
println!("One of FEAT_A or FEAT B");
}
(al1( = "FEAT_A", = "FEAT_B"))
fn both of A or B() {
println! ("Both FEAT_A and FEAT_B");
}

(not(all( = "FEAT_A", = "FEAT_B")))
fn not_both of A or B() {
println! ("Not both FEAT_A and FEAT_B");

}




Conditional Compilation

In fact, any and all and not can be used to create a complex conditional compilation
expression. In the next example we condition the existence of method “foo” with the
following expression: #[cfg(not(any(all(feature="FEAT_A", feature="FEAT_B"), not(feature="FEAT _C"))))]

cargo.toml
[ package]

[ features]

default = ["FEAT_C"]
FEAT A

FEAT B

FEAT C

Rust

( ( ( ( ="FEAT_B"), ="FEAT_C"))))
fn foo() {
println!("foo");

} Output

fn main() {
foo()

}




Conditional Compilation

Each one of the features from [features] section can have dependencies (e.g. a feature
might pe dependent on another one). The list of dependencies is described as the value
of a specific feature as follows:

* feature = [“dependency,”, “dependency,”,.. “dependency, ]

cargo.toml Rust
[ELERE (211 - = "FEAT_C"))
fn foo() {

println! ("foo");

}

fn main() {

[features] foo()

default = ["FEAT_A"]

}

FEAT A
FEAT B
FEAT C

["FEAT_B" , "FEAT_C"]
[ ]
]




Conditional Compilation

Each one of the features from [features] section can have dependencies (e.g. a feature

m|ght PE dependent OIE Notice that for the functon foo to be compiled, both FEAT_B and FEAT_C have to

NEN AR CEIUIEERRUl  be set up. By default, FEATIA is setup up in the key default: And as FEAT A

dependencies include FEAT _B and FEAT_C, then both FEAT_B and FEAT_C are
being set up the moment FEAT A is enabled.

 feature = [“depend

Rust

cargo.toml

( ( = "FEAT_B", = "FEAT_C"))

foo() {
println! ("foo");

[features]
= ["FEAT_A"]
= ["FEAT B" , "FEAT C"]



Conditional Compilation

Features can also be used to conditionally compile dependencies.
cargo.toml

[package]

[dependencies]
ABC = { version = "@.1.2", optional = true }

[ features]
FEAT A = ["dep:ABC"]




Conditional Compilation

Features can also be used to conditionally compile dependencies.
cargo.toml

Adding the “optional = true implies that ABC
module will not be compiled by default.

By using “dep:” prefix, you make a dependency like
module ABC being compiled upon building.

= ["dep:ABC"]




Conditional Compilation

At the same time, when using a dependency, one can enable features from that
dependency:

cargo.toml This states that ABC module will be

[dependencies] compiled with FEAT_X from that
= "9.1.2", = ["FEAT _X"] } module enabled

It is also possible to disable the default features setup from a library (for cases where we
want to compile a dependency with a specific setup via “default-features” key).

cargo.toml

[dependencies]
= ["FEAT_X"] }

This means that for library ABC we will disable all features defined in the default
key, and enable FEAT_X and its de dependencies upon building.



Conditional Compilation

You can also define a features that forces some features from dependencies to be
enabled upon compilation:

cargo.toml
[package]

[dependencies]
ABC = { version = "@0.1.2", default-feature = false }

[features]
ABC_WITH XY = ["ABC/FEAT X", "ABC/FEAT Y"]
ABC_WITH DEFAULT = ["ABC/default"]




Conditional Compilation

You can also define a features that forces some features from dependencies to be
enabled upon compilation:

cargo.toml

[dependencies] This states that ABC module will be
ABC = { version = "0.1.2",|default-feature = false |] compiled without the default features
enabled.




Conditional Compilation

You can also define a features that forces some features from dependencies to be
enabled upon compilation:

cargo.toml

Notice the format for such dependencies:

/

[ features] This states that if feature ABC_WITH_XY}is

ABC_WITH XY = ["ABC/FEAT_X", "ABC/FEAT Y"] enabled, then ABC crate will be built with
FEAT_X and FEAT_Y from ABC crate enabled.




Conditional Compilation

You can also define a features that forces some features from dependencies to be
enabled upon compilation:

cargo.toml

default-feature = false|}

[features]

This states that if feature ABC_WITH_DEFAULT/IS enabled, then
ABC WITH DEFAULT = ["ABC/default"] ABC crate will be built with its default features enabled (as they
are described in ABC crate [features] section for key default).




Conditional Compilation

Besides features, there are a couple of attributes (that have values — not Boolean
values like features) that are already set up by Rust compiler. They can be used in the
following way:

#[cfg(<attribute,>=“value” , <attribute,>="value” , ... <attribute_>="value”)]

Auribute | Values

target_arch x86, x86_64, mips, powerpc, powerpcb4, arm, aarch64

target_feature avx, avx2, crt-static, rdrand, sse, sse2, sse4.1

target_os windows, macos, ios, linux, android, freebsd, dragonfly, openbsd, netbsd
target_family unix, windows, wasm

target_env gnu, msvc, musl, sgx

target_endian big, little

target_pointer_width 16, 32, 64
target_vendor apple, fortanix, pc, unknwon

target_has_atomic 8, 16, 32, 64, 128, ptr



Conditional Compilation

Let’s see an example where we use target _os to set up the name of the current
operating system.
Rust

( = "windows")
fn get _os name()->&'static str { Output (possible)
"Windows” Current OS is Windows

( = "linux")

}

fn get _os name()->&'static str {
"Linux"

}
fn main() {

println! ("Current 0S is {}",get_os_name());

}



Conditional Compilation

Besides custom features and attributes, there are some predefined / preset features
that can be used:

Predefine feature

debug_assertions Enabled when compiling in debug mode (without optimizations)

unix Equivalent with target_family = "unix"

windows Equivalent with target_family = “windows"

test Usually used with modules to indicate that a module is used for unit testing

proc_macro If a crate is being compiled with proc_macro flag



Conditional Compilation

Let’s see an example that use debug_assertions to enable a method only in debug
mode:

Rust

A) Normal execution (debug mode)

Output (normal execution)

(
fn foo() {

println!("foo");
} B) Compiled in release mode (cargo run -r)

Error

error[E@425]: cannot find function “foo™ in this scope
--> src\main.rs:6:5

foo

fn main() {
foo();

}

|
6 | foo();
| AN not found in this scope




Conditional Compilation

Additionally, Rust provide another macro called ¢fg_attr, that can be used to add
other attributes based on a condition. The general format is:

#[cfg_attr(condition, Attribute,, Attribute,, ... Attribute )]

Several such conditions can be applied over the same block.
cargo.toml Rust
[package]

( "MAKE_INLINE",

( "TEST_MODE", )
fn foo() {

println!("foo");

}
fn main() {

foo();

[features]
MAKE INLINE =
TEST MODE = []

[]
¥




Conditional Compilation

e [s TSI EILWAIE1 Assuming both MAKE_INLINE and TEST MODE features are enabled, the foo ie[8)
I ndgle 0= ¢ method will be translated into the following form (before compilation):

#[cfg_attr ( )
Several such cona fn foo() { println!("foo"); }

cargo.toml

( ="MAKE_INLINE",
( ="TEST MODE",
fn foo() {

println! ("foo");

¥

MAKE_INLINE =
TEST_MODE = []

[]




Conditional Compilation

This technique is particularly useful for modules (e.g. if you want to have different
modules with the same name but different file names for every OS specific build.
Rust

"windows", = "windows.rs")
"linux", "linux.rs")
"macos", "macos.rs")

mod OS_methods;

For example, in the previous context, the module OS_methods will be defined in 3
different files (windows.rs, linux.rs and macos.rs). The compiler will choose what file
to compile based on the path attribute of the module OS_methods. The path
attribute is selected based on the operating system (meaning that if we run on

Windows, the previous code will look like the following one:
Rust
= "windows.rs"

mod OS_methods;



Conditional Compilation

“cfg” can also be used in cargo.toml (as a way to specify additional properties
depending on the selected configuration). The most common one is to add additional
dependencies based on the operating system.

Cargo.toml

[target.' '.dependencies]
= “<some version>"

[target. '.dependencies]
= “<some version>"

In this case we specify that different libraries need to be linked depending on the
target operating system. The general format for dependencies is:

[target.’<cfg rule>’.dependencies]



Conditional Compilation

Because of this format, we can write even more complex conditions for conditional

compilation. Let’s analyze the following example:
Cargo.toml

'.dependencies]

="<some version>"

This translated into the following compilation logic:
 If the target operating system is unix

 If the pointer size for that operating system is stored on 64 bits

* Add e dependency in the current project to “Pointer_optimizer_for_unix” crate.



Conditional Compilation

The efg! macro works similar with #[cfg(...)], with the difference is that it returns true
or false. It is important to notice that even if the code is not enabled, if the cfg!
macro is used with an if compound , the block of that if must compile.

Rust

fn foo() {
let x = if cfg!(feature = "METHOD B") { 1 } else { 2 }; X=2
println!("x = {}", X);

Output (possible).

}

fn main() {
foo();

}

In this case, cfgl(feature = "METHOD_B") will translate to either true or false , and as
such x will be 1 or 2.



Building scripts (build.rs)



Building scripts

Sometimes, before building a program, additional pre-
processing is required to:
* Generate new files (e.g. from a template)

* Create a wrapper (e.g. for a file written in a different language to
be easily accessible from Rust)

* Link resources with rust code

* Modify existing files

* Download or upload some components (to make sure that they
are using the latest versions)

* etc



Building scripts

For these tasks Rust provides an internal mechanism based on
another rust file called build.rs

& src

B main.rs
i=. other files

build.rs

> Cargo.toml

If the compiler finds a build.rs file in the root of the project, it will compile that
file into an executable, then run that executable and then recompile the rest of
the project. If build.rs exists it will always be executed before compiling the
project.




Building scripts

For these tasks Rust provides an internal mechanism based on
another rust file called build.rs

Rust

& src

B main.rs use std::fs;

o . f i

i~ other files ‘¢ main()

; } println! ("cargo:warning=Running code generation...");

build.rs
—o0-
°> Cargo.toml




Building scripts

For these tasks Rust provides an internal mechanism based on
another rust file called build.rs

Cargo.toml/
& src
» ) [build-dependencies]
|:| main.rs Dependenct-1 = { version = "1.0", features = [“."] }
__ Dependency-2 "1.0.145"
. ..otherfiles Dependency-3 0.9.8

build.rs

> Cargo.toml

Optionally, in the project cargo.toml you can add a new section called

[build-dependencies]where you can add various dependencies that are
needed by the build script.




Building scripts

The build.rs file can communicate with the compiler by using

the - , - , - or - macros with some

special strings that the compiler recognizes.
The format is “cargo::<command>=<value>"

A detailed list of all commands that the compiler recognizes

can be found on:
https://doc.rust-lang.org/cargo/reference/build-scripts.html
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Building scripts

Some of the most common commands:

cargo::warning=MESSAGE
cargo::error=MESSAGE
cargo::rustc-flags=FLAGS
cargo::rustc-link-arg=FLAG
cargo::rustc-link-arg-cdylib=FLAG
cargo::rustc-link-arg-tests=FLAG
cargo::rustc-link-arg-bins=FLAG
cargo::rerun-if-changed=PATH
cargo::rerun-if-env-changed=VAR

Prints a warning in the compiler CLI (warning is the MESSAGE parameter)
Prints an error in the compiler CLI (error is the MESSAGE parameter)
Tells the compiler to use certain flags for the projects

Tells the compiler to use a specific set of flags in the linkers

Tells the compiler to use certain flags for specific parts of the project
(e.g. libraries, tests, binaries, etc)

This tells cargo to rerun the build script if the file (PATH) last modified
time has changed. You can use this to disable the normal execution of
build.rs by writing println!(“cargo::rerun-if-changed=build.rs”)

This tells cargo to rerun if a specific environment variable has changed.
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Building scripts

One common scenario is that you might need to manually run the build
script (e.g. for example if the build script uses an external resource —
like the content of an URL that it can not know if has changed or not).

The most common solution is to use a feature defined in cargo.toml
and check that function directly in the build.rs code.

Then, simply run [Elf={R I B CETCIRG ELa IO IO ER GE e to
enable the build script.



Building scripts

Example to use a feature to decide when to generate something:
cargo.toml Rust (build.rs)
[package]

fn main() {
if cfg!(feature = "generate") {
println! ("cargo:warning=Running code generation...");

[dependencies]

1} else {
println! ("cargo:warning=Skipping code generation... ");

[features] }
[]

To generate code run: [Elg{esN eI s BR CEIN IR EUIE LS




Building scripts

If you need a more complex script (formed out of multiple
files):

& src

B main.rs

i=. other files
E my SCFiptS You can group all of your scripts into a module (in this case ‘my_scripts’) and

—— ) create a module file my_scripts.rs near the build.rs file and use that module as
==- .other files part of the build.rs code.

a my_scripts.rs
2\ build.rs
> Cargo.toml




Building scripts

If you need a more complex script (formed out of multiple

files):
Rust
r
- src mod my_scripts;
B main.rs

fn main()
=- ,.other files {
& my scripts

println! ("cargo:warning=Running code generation...");

== other files

a my_scripts.rs

Téﬁ build.rs We reference my_script in the code of build.rs
=< Cargo.toml mod my_scripts;




Building scripts

If you need a more complex script (formed out of multiple

files):
& src & my scripts
B main.rs %I a.rs
> In a.rs / b.rs and c.rs you can add your
e ..other files % b.rs larger code.
& my scripts 2 crs
== other files

Rust (my_scripts.rs)

a my_scripts.rs

S build.rs
> Cargo.toml




Building scripts

The build.rs script is run in the root of the project. This means that you

can use relative path to generate files:

Rust (build.rs)
use std::fs;

fn main() {
println! ("cargo:warning=Running code generation...");

let content = fs::read to string("src\\my data.json").unwrap();

let rust _file content = ...;

fs::write("src/my code.rs", rust _file content).unwrap();




Building scripts

Any panic that appears while running the build script will be translated
as a compiler error and the compilation will stop.

This also means that you can use macro to stop the compilation
from the build script with a specific message.

Keep in mind that you can only modify OUT _DIR and subdirectories
from the build script if you want cargo to automatically detect changes
and update them. You can modify other locations, but cargo will not
update anything.



Tests



Tests

Working with library implies having some sort of unit test to run before
releasing it. While in other languages this is done via a 3" party
application, Rust ecosystem can do this within the same integration (via
cargo).

Let’s consider the following problem = we need to export a function
that sums up two u8 values, but returns an Option for cases where an
integer overflow appears (e.g. adding 200+200 will result in an integer
overflow for u8 scenario).



Tests

Let’s see how we can do this.

—> lets create a new library via cargo by running:
cargo new --lib addlibrary

Q¥ > lets add an add method:

Rust (lib.rs)

pub fn add(x: u8, y: u8) -> Option<u8> {
let result = (x as u32) + (y as u32);
if result > 255 {
return None;

}

return Some(result as u8);




Tests

Let’s see how we can do this.
m —> add some methods to test if function “add” works properly.

Rust (lib.rs)
pub fn add(x: u8, y: u8) -> Option<u8> {..}
test
fn check _add() {
assert!(add(1,2)==Some(3));
assert _eq!(add(100,155),Some(255));
assert _ne!(add(0,0),Some(1));

}

test
fn check overflow() {
assert _eq!(add(200,200),None);
assert ne!(add(100,100),None);




Tests

Let’s see how we can do this.
m —> add some methods to test if function “add” works properly.

Rust (lib.rs)

Notice the #[test] attribute. This indicates that those
function are meant for unit testing and are not part of the
normal development of this library.




Tests

Let’s see how we can do this.
m —> add some methods to test if function “add” works properly.

Rust (lib.rs)

It is also worth mentioning that any panic
encountered in this functions will translate in

assert!(add(1,2)==Some(3)); a fail for that tested function.
assert _eq!(add(100,155),Some(255));

assert_ne!(add(@,0),Some(1));

Notice various macros (assert!jjassert_eqljjassert_nel)
that can be used to check if a function works as expected.

assert _eq!(add(200,200),None);
assert ne!(add(100,100),None);




Tests

Let’s see how we can do this.
m —> add some methods to test if function “add” works properly.

Rust (lib.rs)

test

If you need to test if a function panics, there is an attribute
that can be added #[should _panic] that can be used for
this purpose.

fn check panic_test() {
let x = add(200,200).unwrap();

}



Tests

Let’s see how we can do this.
Now that the testing was performed, it can be run in various ways:

* All tests: =>» => run all tests

running 3 tests

test check_add ... Ok

test check_overflow ... Ok

test check_panic_test - should panic ... Ok

test result: ok. 3 passed; 0 failed; 0 ignored; 0 measured; O filtered out; finished in 0.00s

* One test: > LRI T run a test with a name

Ex: “cargo test add” will produce the following result

running 1 test
test check_add ... Ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured; O filtered out; finished in 0.00s




Tests

It is a common practice to group all test in a separate module (often
name test). For example, in our case, the code could be organized in

the following way:
Rust (lib.rs)

pub fn add(x: u8, y: u8) -> Option<u8> {..}
mod tests {
test
fn check add() {..}

test

fn check overflow() {..}

test

fn check panic_test() {..}




Tests

It is also recommended that modules that are designed for tests to
have a special attribute ( #[cfg(test)] ) that will only compile then if

tests are being run.
Rust (lib.rs)
pub fn add(x: u8, y: u8) -> Option<u8> {..}

This attribute says that all methods from test module

test
est) should be compiled only if tests are required.

mod tests A
test
fn check_add() {..}

test
fn check_overflow() {..}

test

fn check _panic_test() {..}




Documentation



Documentation

Every project needs documentation. And there are usually two forms of
documentation:

* Function/Module documentation (very useful when using an IDE and you trying to
use a method/function)
Example (for Vector): https://doc.rust-lang.org/std/vec/struct.Vec.html

* Project documentation (that usually explain a library / a project / general way of
using that project / etc). Usually these types of documentations are presented as
books.

Example: https://doc.rust-lang.org/book/

In both cases, Rust uses Markdown to write documentation:
https://en.wikipedia.org/wiki/Markdown
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Documentation

Every project needs documentation. And there are usually two forms of
documentation:

* Function/Module documentation (very useful when using an IDE and you trying to
use a method/function)

» Run | Debug
fn main() {

let v = vec![1,2,3,4];
® v.sort_by|()

Example of documentation } fn sort_by(&mut self, mut compare: F)

for Vector::sort(...)lis being
used in an IDE.

Sorts the slice with a comparator function.

This sort is stable (i.e., does not reorder equal elements) and
O(n * log(n)) worst-case.

The comparator function must define a total ordering for
the elements in the slice. If the ordering is not total, the
order of the elements is unspecified. An order is a total
orderifitis (forall a, b and c):

e total and antisymmetric: exactlyoneof a < b, a ==




Documentation

Every project needs documentation. And there are usually two forms of
documentation:

* Project documentation (Rust book):

< > C @& docrust-lang.org/!

Foreword

introduction The Rust Programming Language

1. Getting Started

1.1. Installation by Steve Klabnik and Carol Nichols, with contributions from the Rust Community

1.2. Hello, World! This version of the text assumes you're using Rust 1.67.1 (released 2023-02-09) or

1.3. Hello, Cargo! later. See the to install or update Rust.

2. Programming a Guessing Game : : .
& g & The HTML format is available online at and

3. Common Programming Concepts offline with installations of Rust made with rustup; run rustup docs --book to

3.1. Variables and Mutability open.
3.2. Data Types Several community are also available.
3.3. Functions

This text is available in
3.4. Comments

3.5. Control Flow




Documentation (Function/Module)

To write a documentation, use [// characters (on multiple lines) to explain (in
Markdown format what that function / module is doing).
Rust

» Run | Debug
fn main() {

let x = div()

if let Some(result) = div(5/2 l} expected 2 arguments, found @ rust-analyzer(

println!("Result is {result}" rust_tester
else fn div(x: K ) -> <i32>
. I n . . . n
printin!("Division by @ Divides x to y .If y is O than it returns None, otherwise it returns Some(x/y)
fn d}¥(x:|132,{y: i32) -> Option<i32> { Example
ify I=
Some(x / y) if let (result) = div(5/2) {
} else { println!("Result is {result}");

None } else {
} println!("Division by @");




Documentation (Function/Module)

If a documentation is provided, this documentation will be built when a crate is
uploaded to - and is being visible on docs.rs (for example for the random
library you can find the documentation on https://docs.rs/random/latest/random/ ).

To view the documentation locally, run the following command:
For the previous example this should open the browser to something that looks like

this: rust_tester . , , .
Click or press ‘S’ to search, ‘? for more options...

Version 0.1.0

All Items Crate rust_tester source - [-]

Functions Fu nctions

Crates a Divides x to y. If y is 0 than it returns None, otherwise it returns
Some(x/y)

th

rust_tester



https://docs.rs/random/latest/random/

Documentation (Function/Module)

crates.io {Function rust_tester:: source - [-]§

pub(crate) fn div(x: 132, y:

(-] Divides x to y.If y is 0 than it returns None, otherwise it returns Some(x/y)

rust_tester Example

Click or p

Version 0.1.0

All Items if le (result) = div(5/2) {
)5

Functions

If you click on this link:



https://docs.rs/random/latest/random/

Documentation (Function/Module)

The use of [// characters is in fact a syntax sugar for #[doc = “...”] attribute. For
example, the following two cases are the same:

Rust Rust

"Ads two integer values (x and y)"
"# Example™

let y = add(2,3 "let y = add(2,3);"

fn add(x: i32, y: i32) -> i32 { fn add(x: i32, y: i32) -> i32 {
X +y X + Yy

} }




Documentation (Function/Module)

The #[doc ...] attribute can be used for multiple purposes:

1.

Load the documentation from an external document
#[doc = include_str!(“<path to external documentation file>")]

Set the favicon for the documentation
#![doc(html_favicon_url = "<url to favicon>")]

Set the playground URL for your documentation (this allows you documentation
to add a <Play> button to your examples so that you can test them:
#![doc(html_playground_url = "<url to playground site>")]

Move some part of the documentation in a separate document or not (via inline
or no_inline attributes)
#[doc(inline)] or #[doc(no_inline)]

More details on these attributes:
https://doc.rust-lang.org/rustdoc/write-documentation/the-doc-attribute.htmi
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Documentation (Function/Module)

Its also important to distinguish between function/method documentation and
documentation for the entire crate or module.

e Use [// for function / module documentation

* Use //! for crate / module documentation (this type of documentation is usually
added at the beginning of lib.rs file

Rust

Crate rust_tester

[-] math module can be used for simple math operations such as add or sub

pub mod math { Modules

pub fn add(x: math  math module with 2 methods

pub fn sub(x:

}
fn main() {

math::add(1,2);

Functions

}




Documentation (Function/Module)

Another key aspect of Rust documentation is that examples that are added in the

documentation can be tested as well. This makes sure that if you change something

to a function, you will be notified if the new functionality is not correct according to

what the documentation says.

Rust Under the hood, Rust creates a similar function to the
one below (by copying the code provided in the example

section (the code between the markers " and then it
uses the test system to see if it works as expected.

use rust_tester lib::div

assert_eq! 10,2 5 test

assert_eq! 5,0 fn test_function() {
use rust _tester lib::div;
assert_eq!(div(10,2),Some(5));
assert_eq!(div(5,0),None);




Documentation (Function/Module)

Another key aspect of Rust documentation is that examples that are added in the
documentation can be tested as well. This makes sure that if you change something
to a function, you will be notified if the new functionality is not correct according to

what the documentation says.

Rust

Because Rust build a function out
of this code, it needs to reference

the div function so that the test
rust_tester lib::div

function (described in the
previous step) can be compiled.
However, this code does not look
that good in the documentation !

rust_tester_lib
pub fn div(x: , Y

Divides two numbers

Example:

use rust_tester_lib::div;
assert_eq!(div(1e,2), (5));
assert_eq!(div(5,0), )




Documentation (Function/Module)

The solution is to use [f/# to hide some lines in the example that should not be
presented in the documentation (but still have to be used when running tests).

Rust

rust_tester_1lib
pub fn div(x: , Y.

Divides two numbers
use rust_tester lib::div Example:

l
assert_eq; 10,2 5 assert_eq! (div(10,2),50me(5));
assert _eq! 5,0 assert_eq!(div(5,0), )5

pub fn div(x: A )-> < > {
y!=0 { Some(x/y) } { None }

Notice that the line
use rust_tester lib::div
does not appear in the
documentation anymore.

}




Documentation (Function/Module)

You can use [f[/# to define functions and other variables that you might need to test
a function. If you define a function around you test code, Rust will not create another
one around your code. This can also allow you to use special operators such as ? in
your documentation code.

Rust Approximative result.

use rust _tester lib::div;
test

use rust_tester lib::div fn my_test() {

fn my_ test
assert_eq! 10,2 5
assert _eq! 5,0

assert_eq!(div(10,2),Some(5));
assert_eq!(div(5,0),None);

pub fn div(x: i32, y: 132)->0Option<i32> {
if y!=0 { Some(x/y) } else { None }

}



Documentation (Function/Module)

However, testing code from example is not without challenges. This is because the
code from an example might reflect an error or something that is not recommended
to be done. As such, there is a need to add some additional attributes to explain how
that particular example should be tested.

This is done my adding attributes (keywords) after the " characters (several
attributes can be added if separated by |,)).

You can find more on example test on:
https://doc.rust-lang.org/rustdoc/write-documentation/documentation-tests.html
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Documentation (Function/Module)

Let’s see some examples:

« I should_panic = this attribute indicates that the code will panic

assert_eq! (5,4

* I'no_run = this indicates that the code should not be run (but should compile).
For example, infinite loops or code that needs a lot of time to run should be
prefixed with this attribute.

loop { println!("Hello World !"

» [“compile fail = this indicates that the code should not compile

if while x do y and z




Documentation (Function/Module)

There are several additional configurations that can be added when describing how
documentation should look like such as:

* |gnoring a code
* Specifying an edition to be used for testing
» Specifying some compiling attributes

* The use of cfg attribute for documentation

More on this topic can be found on:
https://doc.rust-lang.org/rustdoc/how-to-write-documentation.html|
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Documentation (Book)

If you want to write a project documentation ( a book ), Rust provides a utility called
mdbook that helps you here.

To build a book you have to perform the following steps:
1. Install mdbook = use this command: cargo install mdbook
2. Create afile in the root folder of your project (named: book.toml):

[book]

authors "Gavrilut Dragos"”
language "en"

multilingual = false

src "docs™

The most important fields in book.toml are:
e “src” = the source folder for your documentation
*  “build-dir”/=»a folder where the resulted

[build] documentation (in html format) will be outputted

build-dir "html"

3. Create a SUMMARY.md file in the src file (this will be the entry point)
4. Run mdbook build and open the index.html file from the destination folder



Documentation (Book)

Since our course is organized using a mdbook format, let’s take a deeper view into it:

& rust _course_fii TOML
& docs [book ]
% SUMMARY.md authors = ["Gavrilut Dragos"]
language = "en"
% courses.md multilingual = false
=| administrative.md src = "docs”
& abs [build]
& 1abo1 build-dir = "html"
lab01.md
menu.png
labs.md
& courses

Course-1.pdf
B book.toml




Documentation (Book)

Since our course is organized using a mdbook format, let’s take a deeper view into it:

& rust_course._fii Markdown
B docs Rust course 2023 - 2024 (FII)

D) SUMMARY.md

[Administrative](administrative.md)

% courses.md [Courses](courses.md)
[Labs](labs/labs md)

- [Lab ©01](labs/1abo1l/1abel.md)

=| administrative.md

& abs [Lab ©2](labs/1lab@2/1abe2.md)
B [abo1 [Lab ©3](labs/1abo3/1abo3.md)
\ [Lab 04](labs/1abo4/1abo4.md)
lab01.md [Lab ©5](labs/1ab@5/1abo5.md)
menu.png [Lab 06](labs/1abo6/1abo6.md)
labs.md
& courses

Course-1.pdf
B book.toml




Documentation (Book)

Since our course is organized using a mdbook format, let’s take a deeper view into it:

& rust_course._fii Markdown
& docs # Courses
SUMMARY.md 1. Introduction
courses.md Basic types
administrative.md variables
Operators
& |abs Functions & Expression statements
B |ab01 Basic statement (if., while, loop. ...)
\ Link: [Course 1](courses/Course-1.pdf)
lab01.md
menu.png 2. Ownership . .
labs.md Prerequisite: String type
’ Ownership management
& courses Borrowing & References
Optimizations
Link: [Course 2](courses/Course-2.pdf)
B book.toml




Documentation (Book)

Since our course is organized using a mdbook format, let’s take a deeper view into it:
& rust_course._fii Markdown
& docs

D SUMMARY.md

% courses.md

# Setting up the first Rust project

## 1. Prerequisites

D . . . On Windows: Install Visual Studio Community
=| administrative.md
& labs
Other optional extensions:
& 1ab01 - Error lens (id: usernamehw.errorlens)
lab01.md - crates (id: serayuzgur.crates)
NG | [Menu](menu.png)
labs.md ## 4. Create a new project
& courses
Cargo is a tool that helps building and packaging Rust applications.
Course-1.pdf

The usual workflow is:

_  nal
B book.toml open a termilna




Workspaces

y



Workspaces

Larger project usually imply a smaller set of projects (libraries, utilities, examples,
books, etc). To organize all of these, Rust uses a concept of workspace.

A workspace also have a cargo.toml file in its root, but it also has a cargo.toml file for
each of the projects from that workspace.

The cargo.toml file from the root contains the references of other projects from the
workspace. It also contains default dependencies for all projects. A project can however
overwrite them if needed. The main advantage is that if a workspace has multiple

projects, you have one place to keep all your common dependencies (and you can
change them from that place).



Workspaces

Let’s see an example to better understand how a workspace works.

& \Workspace root
— Project-1
& src
B cargo.toml
— Project-2
& src

B cargo.toml

@ Documentation
& docs

a book.toml
& Examples

a cargo.toml

B cargo.toml

TOML
[workspace]

members = |
"Project-1",
"Project-2",
"examples*

]

[workspace]

common_dependency_1
common_dependency_ 2
common_dependency_3

"version"
"version"
"version"




Workspaces

Let’s see an example to better understand how a workspace works.

& \Workspace root
— Project-1
& src

B cargo.toml

— Project-2
& src

B cargo.toml

@ Documentation
& docs

# book.toml

& Examples

a cargo.toml

B cargo.toml

TOML

[ package]

name = "<name>"
version = "1.0.0"
edition = "2021"

[dependencies]
common_dependency 1 = "1.0.7"
common_dependency_2.workspace

[ features]
default = []
SOME_BOUNDERIES = []

In this case we a different
version of
common_dependency_1/then
the one described in the
workspace cargo.toml and
common_dependency_2 from
the workspace.




Workspaces

Let’s see an example to better understand how a workspace works.

& \Workspace root TOML
& Project-1 [ package]
B src name.= "ex?gpée;::
version = "0.0.
& cargo.toml publish = false
& Project-2 edition = "2021"
& src ]
2> [dev-dependencies]
|:I cargo.toml Project-1 = { version = "1.0.0", path = "../project-1" }
& Documentation . le]]
example
’_i docs name = "example-1"
ﬂ book.toml path = "example-1.rs"
& Examples
> [ [example]]
i cargo.toml name = "example-2"

ath "example-2.rs"
B cargo.toml P P
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