!
-

Advanced Budt

Nicholas Matsakis



Themes of the day

Lifetimes across functions
Lifetimes are part of types
Successful borrowing
Lifetimes in structs
Mutabllity

Open gquestions
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Lifetimes across functions



pub struct Map<K: Eqg, V> {
elements: Vec<(K, V)>

}

impl<K: Eq, V> Map<K, V> {
pub fn new() —> Self {
Map { elements: vec![] }

}

pub fn insert(&mut self, key: K, value: V) {
self.elements.push((key, value));

}

pub fn get(&self, key: &) —> Option<&V> {
self.elements.iter().rev().find(|pair| pair.0 == xkey)
.map( |pair| &pair.1)
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fn main() <
let p: Option<&String>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);
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fn main() <
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{

map dropped here let mut map = Map::new();

\\\\x\ map.insert('a', format!("alpha"));
p = map.get(&'a');
}
println! (“key for 'a' is {:?}”, p);

}

lerror: “map’ does not live long enough i

124 | p = map.get(&'a'); '

| | ~2~ does not live long enough

125 | } |
| | — borrowed value only valid until here |
26 |
27 |

https://is.gd/tvOr|f |

println!("key for 'a' is {:?}", p);
}

- borrowed value must be valid until here |



https://is.gd/tvOrjf

fn main() <
let p: Option<&String>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);



fn main() <
let p: Option<&String>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);



fn main() <
let p: Option<&String>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);

Lifetime ('l): span of code where reterence is in scope.



fn main() <
let p: Option<&String>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);

Lifetime ('l): span of code where reterence is in scope.



fn main() <
let p: Option<&String>;

{
let mut map = Map::new();
mgp+~insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);

Lifetime ('l): span of code where reterence is in scope.



fn main() <
leg, p: Bpfion<&String>;

let mut map = Map::new();
gp=insert{'a', format!("alpha"));
map.gef(&'a');

} ;
println!(“key/for 'a' is {:?}”, p);

Lifetime ('l): span of code where reterence is in scope.



fn main() <
let, p: -Opfion<&String>;

let mut map = Map: :new();
gp=insert{'a', format!("alpha"));
map.get(&'a');

} F
println!(“key/for 'a' is {:?}”, p);

Lifetime ('l): span of code where reterence is in scope.



fn main() {
let p: Option<&String>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);

Lifetime ('l): span of code where reference Is in scope.



fn main() {
let p: Option<&String>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);

Lifetime ('l): span of code where reference Is in scope.



fn main() {
let p: Option<&String>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');

}

println! (“key for 'a' is {:?}”, p);

Lifetime ('l): span of code where reference Is in scope.

maol be leds than

Scope ('s) of data being borrowed (here, ‘'map’)



fn main() {
let p: Option<&String>;

{
'S let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');
}

println! (“key for 'a' is {:?}”, p);

Lifetime ('l): span of code where reference Is in scope.

maol be leds than

Scope ('s) of data being borrowed (here, ‘'map’)



fn main() {
let p: Option<&String>;
{
'S let mut map = Map::new();
map.insert('a', format!("alpha"));

println! (“key for 'a' is {:?}”, p);

Lifetime ('l): span of code where reference Is in scope.

maol be leds than

Scope ('s) of data being borrowed (here, ‘'map’)



fn main() {
let p: Option<&String>;

{
How do we know let mut map = Map::new();

that map Is borrowea ~ magp~insert('a', format!("alpha"));
while p is in scope” p = map.get(&'a');

}
println!(“key for 'a' is {:?}”, p);
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Take references to Returns a reference. ..

data owned by caller N / but to what?

pub fn get(&self, key: &K) —> Option<&V>

v

pub fn get<'a>(&'a self, key: &) —> Option<&'a V>

Returns a reference borrowed from self

Implies:
e as long as the return value Is In use,
e self Is still borrowed.
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impl<K, V> Map<K, V> {

pub fn get_or(&self, key: &K, value: &) —> &V {
match self.get(key) {
Some(from_map) => from_map,
None => value,

¥
h
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h
¥
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19 | match self.get(key) A

‘ A\
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fn main() {
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Key concept: Modularity
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Exercise: named lifetimes

http://rust-tutorials.com/RustConf17/

Cheat sheet:

fn foo<'a>(..) // declare a named lifetime parameter
&'a 132 // reference with lifetime 'a

http://doc.rust-lang.org/std
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Lifetimes are part of types
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pub fn get(&self, key: &K) —> Option<&V>
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fn main() <
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{
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None => value,

}

20



pub fn get or<'a>(&'a self, key: &K, value: &'a V) —> &'a V {
match self.get(key) {
Some(from_map) => from_map,
None => value,

h
L

pub fn get _or<‘a, ‘b>(&'a self, key: &K, value: &'b V) —> &'a V
where ‘b: ‘3
{
match self.get(key) {
Some(from_map) => from_map,
None => value,

}

20



pub fn get or<'a>(&'a self, key: &K, value: &'a V) —> &'a V {
match self.get(key) {
Some(from_map) => from_map,
None => value,

h
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pub fn get _or<‘a, ‘b>(&'a self, key: &K, value: &'b V) —> &'a V
where ‘b: ‘3

{
match self.get(key) {
Some(from_map) => from_map,
None => value,
}
s

Overkill in this scenario.
Sometimes useful.
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Exercise: lifetimes as part of types

http://rust-tutorials.com/RustConf17/

Cheat sheet:

fn foo<‘a, ‘b>(..) // declare a named lifetime parameter
where ‘b: ‘a // ‘b outlives ‘a

http://doc.rust-lang.org/std
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Successful borrowing
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fn main() { reference still valid when map dropped

let p:‘ﬁﬁfﬁﬁﬁ:gg;ring>;

{
let mut map = Map::new();
map.insert('a', format!("alpha"));
p = map.get(&'a');
—»

Tracking lifetimes ensures
that values are not dropped
while there Is a live reference.

But mutation can cause
memory to be freed early.
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fn main() {
let mut map = Map::new();
map.insert('a', format!("alpha"));
let p = map.get(&'a');
map.insert('b', format!("beta"));
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fn main() {
let mut map = Map::new();
map.insert('a', format!("alpha"));
let p = map.get(&'a');
map.insert('b', format!("beta"));

Dangling
reference!

30



RuUst solution

Compile-time read-write-lock:

Shared borrow of X “read locks” X.
- Other readers OK.
- No writers.
- Lock lasts for lifetime of borrow.

Mutable borrow of X “writes locks” X.
- No other readers or writers.
- Lock lasts for lifetime of borrow.

Never have a reader/writer at same time.
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https://is.gd/lyi2ru

fn main() {

let mut map = Map::new();

Map::insert(&mut map,

'a', format!("alpha"));

let p = Map::get(&map, &'a');

Map::insert(&mut map,

'b', format!("beta")):

32
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fn main() {

}

let mut map = Map::new();

Map::insert(&mut map, 'a', format!("alpha"));
let p = Map::get(&map, &'a');
Map::insert(&mut map, Kb' , format!("beta"));

Shared borrow of map
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fn main() {

let mut map = Map::new();

Map::insert(&mut map,

'a', format!("alpha"));

let p = Map::get(&map, &'a');

+
L Ifetime of shared borrow

https://is.gd/lyi2ru

Map::insert(&mut map, \'b' , format! ("beta")):

Shared borrow of map
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fn main() {

let mut map = Map::new();

Map::insert(&mut map,

'a', format!("alpha"));

let p = Map::get(&map, &'a');

Map::insert(&mut map,

} \
L Ifetime of shared borrow

KQDI’ format! ("beta"));

Shared borrow of map

Mutable borrow of map

https://is.gd/lyi2ru
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L Ifetime of shared borrow

https://is.gd/lyi2ru

o
24 | } |
|| - immutable borrow ends here |

fn main() {

let mut map = Map::new();

Map::insert(&mut map, 'a', format!("alpha"));
let p = Map::get(&map, &'a');
Map::insert(&mut map, »&b' , format!("beta"));

h
\ Shared borrow of map

Mutable borrow of map

it 1s also borrowed as immutable

122 let p = map.get(&"a");

-—— 1mmutable borrow occurs here

|
123 | map.insert("a", format!("alpha"));

A2 mutable borrow occurs here
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https://is.gd/AxhTUo

pub fn remove(&mut self, key: &K) {
for (index, pair) in self.elements.iter().enumerate() A
if pair.0 == xkey {
self.elements. remove(index);
return;

¥
h
h
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pub fn remove(&mut self, key: &K) {
for (index, pair) in self.elements.iter().enumerate() {
if pair.0 == xkey {
self.elements. remove(index);
return;

¥
h

}
Shared borrow of map
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pub fn remove(&mut self, key: &K) { Lifetime of shared borrow

for (index, pair) in self.elements.iter().enumerate() {
if pair.0 == xkey {
self.elements. remove(index);
return;

}

}

}
Shared borrow of map
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pub fn remove(&mut self, key: &K) { Lifetime of shared borrow

for (index, pair) in self.elements.iter().enumerate() {
if pair.0 == xkey {
self.elements. remove(index);
return;

}

}

I3
Mutable borrow of map Shared borrow of map
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https://is.gd/iw5plt

pub fn remove(&mut self, key: &K) {
let mut found = None;
for (index, pair) in self.elements.iter().enumerate() {
if pair.0 == xkey {
found = Some(index);
break;

h
L

if let Some(index) = found {
self.elements. remove(index):

h
h
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pub fn remove(&mut self, key: &K) {
let mut found = None: Lifetime of shared borrow
for (index, pair) in self.elements.iter().enumerate() {
if pair.0 == xkey A
found = Some(index);
break;

h
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if let Some(index) = found {
self.elements.remove(index):

h
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pub fn remove(&mut self, key: &K) {
let mut found = None: Lifetime of shared borrow
for (index, pair) in self.elements.iter().enumerate() {
if pair.0 == xkey A
found = Some(index);
break;

h
¥

if let Some(index) = found {
self.elements. remove(index):

; Mutable borrow

https://is.gd/iw5plt
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fn index_of(&self, key: &K) —> Option<usize> {
self.elements.iter().position(|pair| pair.0Q ==

}

pub fn remove(&mut self, key: &K) {
match self.index_of(key) {

Some(index) => self.elements.remove(index),
None => ()

h
L

xkey)
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match self.index_of(key) {

Some(index) => self.elements.remove(index),
None => ()
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fn index_of(&self, key: &K) —> Option<usize> {
self.elements.iter().position(|pair| pair.® == xkey)

}

pub fn remove(&mut self, key: &K) {
match self.index_of(key) {

Some(index) => self.elements.remove(index),
None => ()

h
L

Takeaway:

Separate queries, which read state, from actions.

Create re-usable helpers for queries.
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pub fn get_or_insert(&mut self, key: K, value: V) —> &V {
for pair in &self.elements {
1f pair.0 == key {
return &pair.1;
I3
}

self.elements.push((key, value));
&self.elements. last().unwrap().1

}

https://is.gd/fmWUQhN
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pub fn get or_insert<'a>(&'a mut self, key: K, value: V) —> &'a V {
for pair in &'a self.elements {
if pair.0 == key {
return &'a pair.1l;
}
}

self.elements.push((key, value));
S&self.elements. last().unwrap().1

h
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fn caller() {

let p = map.get_or_insert(..);

}

impl<K, V> Map<K,V> {
pub fn get or_insert<'a>(..) —> &'a V {
for pair in &'a self.elements {
if pair.0 == key {
return &'a pair.]1;

h
¥

self.elements.push((key, value));
&self.elements. last().unwrap().1

h
L

33



fn caller() {

let p = map.get_or_insert(..);

impl<K,
pub fn get _or_insert<'a>(..) —> &'a V {
for pair in &'a self.elements {
if pair.0 == key {
return &'a pair.]1;
}
}

self.elements.push((key, value));
&self.elements. last().unwrap().1

h
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fn caller() {

let p = map.get_or_insert(..);

impl<K,
pub fn get _or_insert<'a>(..) —> &'a V {
for pair in|&'a self.elements {

if pair.0 == key {
return &'a pair.];

h
L

self.elements.push((key, value));
S&self.elements. last().unwrap().1

h ~__
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fn caller() {

A4

let p = map.get_or_insert(..);

impl<K,

pub fn get _or_insert<'a>(..) —> &'a V {

for pair 1in

h
L

&'a self.elements {

if pair.0 == key {
return &'a pair.];

self.elements.push((key, value));
S&self.elements. last().unwrap().1

\/
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fn caller() {

let p = map.get_or_insert(..);

}

impl<K, V> Map<K, V> {
pub fn get or_insert<'a>(..) —> &'a V {
match self.get(key) {
Some(value) => return value,
None => (),

}

self.elements.push((key, value));
&self.elements. last().unwrap().1

h
h
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fn caller() {

let p = map.get_or_insert(..);

}

impl<K, V> Map<K, V> {
pub fn get or_insert<'a>(..) —> &'a V {
match| self.get(key) {

Some(value) => return value,
None => (),

}

self.elements.push((key, value));
S&self.elements. last().unwrap().1

\/



pub fn get or_insert<'a>(&'a mut self, key: K, value: V) —> &'a V {
if let Some(index) = self.index_of(&key) {
return self.get(&key).unwrap();

}

self.elements.push((key, value));
S&self.elements. last().unwrap().1

}
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N \ A 4
self.elements.push((key, value)); N’
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Takeaway:

Separate queries, which read state, from actions.

Create re-usable helpers for queries.
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pub fn get or_insert<'a>(&'a mut self, key: K, value: V) —> &'a V {
if let Some(index) = self.index_of(&key) {
return self.get(&key).unwrap();

}

N \ A 4
self.elements.push((key, value)); N’
S&self.elements. last().unwrap().1

P

Takeaway:

Separate queries, which read state, from actions.
Create re-usable helpers for queries.

Careful across fn boundaries.



pub struct Categorizer A
categories: HashMap<String, String>,
histogram: HashMap<String, usize>,

h

impl Categorizer {
pub fn category(&self, class: &str) — &str {
self.categories.get(class)

}

pub fn histogram(&mut self, class: &str) {
let category = self.category(class);
xself.histogram.get_mut(category) += 1;

¥
h

41



pub struct Categorizer A
categories: HashMap<String, String>,
histogram: HashMap<String, usize>,

h

impl Categorizer {
pub fn category(&self, class: &str) — &str {
self.categories.get(class)

}

pub fn histogram(&mut self, class: &str) {
let category = self.category(class);
xself.histogram.get_mut(category) += 1;

¥
h



pub struct Categorizer A
categories: HashMap<String, String>,
histogram: HashMap<String, usize>,

h

impl Categorizer {
pub fn category(&self, class: &str) — &str {
self.categories.get(class)

}

pub fn histogram(&mut self, class: &str) {
let category = self.category(class);
xself.histogram.get_mut(category) += 1;

¥
h
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pub struct Categorizer A
categories: HashMap<String, String>,
histogram: HashMap<String, usize>,

h

impl Categorizer {

pub fn histogram(&mut self, class: &str) {

let category = self.categories.get(class);

xself.histogram.get_mut(category) += 1;

}
h
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pub struct Categorizer A
categories: HashMap<String, String>,
histogram: HashMap<String, usize>,

}

impl Categorizer {

pub fn histogram(&mut self, class: &str) {
let category = self.categories.get(class);
xself.histogram.get_mut(category) += 1;

}
h
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pub struct Categorizer A
categories: HashMap<String, String>,
histogram: HashMap<String, usize>,

h

impl Categorizer {

pub fn histogram(&mut self, class: &str) {
let category = self.categories.get(class);
xself.histogram.get_mut(category) += 1;

}
h

Takeaway:

Factor distinct state into subtypes.
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Exercise: successful borrowing

http://rust-tutorials.com/RustConf17/

http://doc.rust-lang.org/std
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Separate queries, which read state, from actions.

Create re-usable helpers for queries.
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Exercise: successful borrowing

http://rust-tutorials.com/RustConf17/

Takeaway:

Separate queries, which read state, from actions.
Create re-usable helpers for queries.

Careful across fn boundaries.

http://doc.rust-lang.org/std
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Lifetimes in Structs
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Previous section we had:
xmap.get_or_insert(key, 0) += 1
But standard library does:

xmap.entry(key).or_insert(0) += 1

Let's do that!
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pub enum Entry<'map, K, V>
where K: Eq, K: 'map, V: 'map

1
Found (FoundEntry<'map, K, V>),
NotFound(NotFoundEntry<'map, K, V>),

}

pub struct FoundEntry<'map, K, V> pub struct NotFoundEntry<'map, K, V>

where K: Eq, K: 'map, V: 'map where K: Eq, K: 'map, V: 'map
{ {

index: usize, key: K,

elements: &'map mut Vec<(K,V)> elements: &'map mut Vec<(K,V)>

h ¥
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pub enum Entry<'map, K, V> Unknown
where K: Eq, K: 'map, V: 'map '
{
Found(FoundEntry<'map, K, V>), Found
NotFound(NotFoundEntry<'map, K, V>),

}

Not found

pub struct FoundEntry<'map, K, V> pub struct NotFoundEntry<'map, K, V>

where K: Eq, K: 'map, V: 'map where K: Eq, K: 'map, V: 'map
{ {

index: usize, key: K,

elements: &'map mut Vec<(K,V)> elements: &'map mut Vec<(K,V)>

h ¥
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enum Entry<'map, K, V>
where K: Eq, K: 'map, V: 'map

{
Found(FoundEntry<'map, K, V>),
NotFound(NotFoundEntry<'map, K, V>),

}
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I3

Interpretation #1:

Lifetime of the reference to the map (or parts of the map).
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fn main() {
let mut map = Map::new();

{
let entry: Entry<‘X, _, >
entry.or_insert(value);

}

map.insert(another_key, another_value);

h

map.entry(key);
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fn main() {
let mut map = Map::new();

N\

{ ‘X = {scope of entry }

let entry: Entry<‘X, _, _> = map.entry(key);

entry.or_insert(value);

h

map.insert(another_key, another_value);

h

Observation:

"Entry has a “write-lock” for the duration of “X.
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enum Entry<'map, K, V>
where K: Eq, K: 'map, V: 'map

{
Found(FoundEntry<'map, K, V>),
NotFound(NotFoundEntry<'map, K, V>),

}

49



enum Entry<'map, K, V>
where K: Eq, K: 'map, V: "map

{
Found(FoundEntry<'map, K, V>),
NotFound(NotFoundEntry<'map, K, V>),

}

49



enum Entry<'map, K, V>
where K: Eq, K: 'map, V: "map
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Found(FoundEntry<'map, K, V>),
NotFound(NotFoundEntry<'map, K, V>),

}

Safe to borrow K, V
for ‘'map
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impl<K, V> Map<K, V>
where K: EQ

{
pub fn entry<‘map>(&’'map mut self, key: K) —> Entry<‘map, K, V> {

¥
h
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impl<K, V> Map<K, V>
where K: EQ

{
pub fn entry<‘map>(&’'map mut self, key: K) —> Entry<‘map, K, V> {

- T

b Caller gives us unique access
to the map for the litetime ‘'map.

Lifetime ‘'map continues as long
as entry Is in use.
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impl<K, V> Map<K, V>
where K: EQ

{
pub fn entry<‘map>(&’'map mut self, key: K) —> Entry<‘map, K, V> {

- T

b Caller gives us unique access
to the map for the lifetime ‘map.

Lifetime ‘'map continues as long
as entry Is in use.

BTW: This style also works. Not recommended.

|
l\

pub fn entry(&mut self, key: K) —> Entry<K, V>
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impl<K, V> Map<K, V>
where K: EQ
{
pub fn entry<‘map>(&’'map mut self, key: K) —> Entry<‘map, K, V> {
let pos = self.index of(&key);
match pos {
Some(index) =>
Entry::Found(FoundEntry {
1ndex: 1ndex,
elements: &mut self.elements,

1),

None => ..
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let pos = self.index of(&key);
match pos {
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1ndex: 1ndex,
elements: &mut self.elements,

1), ‘k\\\

none => .. ifetime will be ‘map.
because of return type.




impl<K, V> Map<K, V>

where K: EQ
{
pub fn entry<‘map>(&’'map mut self, key: K) —> Entry<‘map, K, V> {
let pos = self.elements.iter().position(|pair| pair.0 == key);
match pos {
Some(index) => ..,
None =>
Entry: :NotFound(NotFoundEntry {
key: Kkey,
elements: &mut self.elements,
r),
}
}
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impl<‘map, K, V> FoundEntry<'map, K, V>
where K: EQ
{
fn get(self) —> &’'map mut V {
&mut self.elements[self. index]
}
}

impl<‘map, K, V> NotFoundEntry<'map, K, V>
where K: Eg
{
fn insert(self, value: V) —> &'map mut V {
self.elements.push((self.key, value));
S&mut self.elements.last_mut().unwrap().1

}
h
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Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> Entry<'map, K, V>
where K: Eq
{
fn or_insert(self, value: V) — &'map mut V {
match self {
Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> Entry<'map, K, V>
where K: Eq
{
fn or_insert(self, value: V) — &'map mut V {
match self {
Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> Entry<'map, K, V>
where K: Eq
{
fn or_insert(self, value: V) — &'map mut V {
match self {
Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> Entry<'map, K, V>
where K: Eq
{
fn or_insert(self, value: V) — &'map mut V {
match self {
Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> Entry<'map, K, V>
where K: Eq
{
fn or_insert(self, value: V) — &'map mut V {
match self {
Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> Entry<'map, K, V>
where K: Eq
{
fn or_insert(self, value: V) — &'map mut V {
match self {
Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> Entry<'map, K, V>
where K: Eq
{
fn or_insert(self, value: V) — &'map mut V {
match self {
Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> Entry<'map, K, V>
where K: Eq
{
fn or_insert(self, value: V) — &'map mut V {
match self {
Entry::Found(data) => data.get(),
Entry::NotFound(data) => data.insert(value),

h

54



impl<‘map, K, V> FoundEntry<'map, K, V>
where K: EgQ .
?
( /Why not this”
fn get(&mut self) —> &'map mut V {
&mut self.elements[self. index]
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impl<‘map, K, V> FoundEntry<'map, K, V>
where K: EQ
{
fn get<‘a>(&'a mut self) —> &’'map mut V {
&mut self.elements[self. index]
}
}
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\Why not this? |

fn or_insert(&’map mut self) -> &’map mut V|
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Takeaway:
e Structs can store references too

* Reference gives a “lock” on borrowed value

e Can encode a state machine

e type per state, fn(self) -> [new state]
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Exercise: lifetimes In structs

http://rust-tutorials.com/RustConf17/

http://doc.rust-lang.org/std
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Exercise: lifetimes In structs

http://rust-tutorials.com/RustConf17/

Takeaway:

Separate queries, which read state, from actions.
Create re-usable helpers for queries.

Careful across fn boundaries.

http://doc.rust-lang.org/std
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Sharing and mutability
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Mutable reference in Rust:

really a unique reference.

Shared references can permit mutation:

but caution is required.
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“Mutation Is the root of all evil.”
— Strawman functional programmer
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fn main() {
let mut map = Map::new();
map.insert('a', format!("alpha"));
let p = map.get(&'a');
map.insert('b', format!("beta"));
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fn main() {
let mut map = Map::new();
map.insert('a', format!("alpha"));
let p = map.get(&'a');
map.insert('b', format!("beta"));
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fn main() {
let mut map = Map::new();
map.insert('a', format!("alpha"));
let p = map.get(&'a');
map.insert('b', format!("beta"));

...and mutation.
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Shared == Immutable

fn helper(name: &String) {

println!(“{}"”, name); <«—— OK. Justreads.
}

fn helper(name: &String) {
QG ——  EFror. \Writes.

= =, I P oS o e N - s ; - ., = s
S i - o QS x s NI S . _ Lot v @ Loz a- Teao m U R poi AR Ll L. e o o ER -y (O cx ;

h

error: cannot borrow immutable borrowed content “*name’
‘ as mutable
name.push_str(“s”);
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Shared == Immutable’

fn helper(name: &String) {

println!(“{}"”, name); <«—— OK. Justreads.

h

fn helper(name: &String) {

P e *"’_.. ‘ B ‘ ) g < AR Gl g ‘ .. e - . o
o s g da A8 , s N = T SR Sl _ _ Lot Ve g L o Tem m L e pei NS .l vs e ra ol @ ;

h

error: cannot borrow immutable borrowed content “*name’
‘ as mutable |
name.push_str(“s”);

Actually: mutation only in controlled circumstances.

-~ «4— Error. \\rites.
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If you have a mutable reference &mut T ...

+ You have unique access for the lifetime of that reference.
+ No other references to T.

If we have a shared reference &Foo<T> ...

- The APl of Foo can enforce that same guarantee!
- ...and thus we can make mutation safe.

6/



struct Cell<T> {..}

1mpl<T: Copy> Cell<T> 1
fn new(value: T) — Self {..}

fn get(&self) —> T {..}

fn set(&self, value: T) {..}
+

let counter = Cell::new(0Q):
let value = counter.get();
counter.set(value + 1);
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struct Cell<T> {..} let counter = Cell::new(0Q):

let value = counter.get();

1mpl<T: Copy> Cell<T> { counter.set(value + 1);
fn new(value: T) — Self {..}

fn get(&self) —> T {..}

let counter = Rc::new(Cell::new(0));
fn set(&self, value: T) {..} let counter2 = counter.clone();
s
let value = counter.get(); // ©
counter.set(value + 1);

let value = counter2.get(); // 1
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>

}

impl<T: Copy> Cell<T> {

fn set(&self, value: T) {
unsafe {
let ptr: xmut T = self.data.get();
xptr = value;
}
}
}
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>

}

impl<T: Copy> Cell<T> {

fn set(&self, value: T) {
unsafe {
let ptr: xmut T = self.data.get();
xptr = value;
}
}
}
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struct Cell<T> {
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>

}

impl<T: Copy> Cell<T> {

fn set(&self, value: T) {
unsafe {

Why Is this safe? |

let ptr: xmut T = self.data.get();

xptr = value;
}

h
h
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>

}

impl<T: Copy> Cell<T> {

fn set(&self, value: T) {
unsafe {

Why Is this safe? |

- API| offers no way to get a reference to T.

let ptr: xmut T = self.data.get();

xptr = value;
}

h
h
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>

}

impl<T: Copy> Cell<T> {

fn set(&self, value: T) {
unsafe {

Why Is this safe? |

- API| offers no way to get a reference to T.
'» Not safe to pass between threads.
. (The default for UnsafeCell)

let ptr: xmut T = self.data.get();

*ptr = value;
}

h
h
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>

}

impl<T: Copy> Cell<T> {

fn set(&self, value: T) {
unsafe {

- APl offers no way to get a reference to T. \

'+ Not safe to pass between threads.

 (The default for UnsafeCell)

\Great for Cell<u32>, but Cell<Vec<u32>>... |

let ptr: xmut T = self.data.get();

*ptr = value;
}

h
h
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>
+

impl<T: Clone> Cell<T> {

fn set(&self, value: T) {
unsafe {
let ptr: xmut T = self.data.get();
xptr = value.clone();

h
h
h
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>
+

impl<T: Clone> Cell<T> {

fn set(&self, value: T) {
unsafe {
let ptr: xmut T = self.data.get();
xptr = value.clone();

h
h
h
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>
+

impl<T: Clone> Cell<T> {

fn set(&self, value: T) {
unsafe {
let ptr: xmut T = self.data.get();
xptr = value.clone();

h
h
h
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>
+

impl<T: Clone> Cell<T> {

fn set(&self, value: T) {
unsafe {

let ptr: xmut T = self.data.get();

xptr = value.clone();

h
h
h

<+— \What could go wrong”
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use std::cell::UnsafeCell;

struct Cell<T> {
data: UnsafeCell<T>
+

impl<T: Clone> Cell<T> {

fn set(&self, value: T) {
unsafe {

fn clone(&self) {
// may have access to the cell!

}

let ptr: xmut T = self.data.get();

xptr = value.clone();

h
h
h

<+— \What could go wrong”
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow _mut();

p.push(format!(“data”));
}

{

let p = vec.borrow();

let g = vec.borrow();

assert_eq!(&pl0], &ql0]);
}
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow mut();

p.push(format!(“data”));
}

{

let p = vec.borrow();

let g = vec.borrow();

assert_eq!(&pl0], &ql0]);
}

<+—— Acquires “write lock™.
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow _mut();

p.push(format!(“data”));
}

{

let p = vec.borrow();

let g = vec.borrow();
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}
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow mut();

p.push(format!(“data”));
}

{

let p = vec.borrow();

let g = vec.borrow();

assert_eq!(&pl0], &ql0]);
}

<+— \Would panic.
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow _mut();

p.push(format!(“data”));
}

{

let p = vec.borrow();

let g = vec.borrow();

assert_eq!(&pl0], &ql0]);
}
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow _mut();

p.push(format!(“data”)); <«—— Mutation permitted.
¥

{

let p = vec.borrow();

let g = vec.borrow();

assert_eq!(&pl0], &ql0]);
}
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let vec = RefCell::new(vec![]):
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}

{
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow _mut();

p.push(format!(“data”));
} <+— Release “read locks”.

{
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let g = vec.borrow();

assert_eq!(&pl0], &ql0]);
}
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let mut p = vec.borrow _mut();

p.push(format!(“data”));
}

{

let p = vec.borrow();

let g = vec.borrow();

assert_eq!(&pl0], &ql0]);
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow _mut();

p.push(format!(“data”));
}

{

let p = vec.borrow();

let q = vec.borrow();

assert_eq!(&p[0], &ql0]);
} +— Release “read locks”.
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let vec = RefCell::new(vec![]):

{

let mut p = vec.borrow _mut();

p.push(format!(“data”));
}

{

let p = vec.borrow();

let g = vec.borrow();

assert_eq!(&pl0], &ql0]);
}
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struct RefCell<T> {..}
struct Ref<’'b, T: ‘b> {..}

impl<T> RefCell<T> {
fn borrow<‘b>(&'b self) —> Ref<‘b, T> {
// twiddle bits to acquire lock
Ref { .. } // return a Ref that contains “self’
s
s

/2



struct RefCell<T> {..}
struct Ref<’'b, T: ‘b> {..}

impl<T> RefCell<T> A
fn borrow<‘b>(&'b self) —> Ref<'b, T> {
// twiddle bits to acquire lock
Ref { .. } // return a Ref that contains “self’
s
s

/2



struct RefCell<T> {..}
struct Ref<’'b, T: ‘b> {..}

impl<T> RefCell<T> {
fn borrow<‘b>(&'b self) —> Ref<‘b, T> {
// twiddle bits to acquire lock
Ref { .. } // return a Ref that contains “self’
s
s

/2



struct RefCell<T> {..}
struct Ref<’'b, T: ‘b> {..}

impl<T> RefCell<T> {
fn borrow<‘b>(&'b self) —> Ref<‘b, T> {
// twiddle bits to acquire lock
Ref { .. } // return a Ref that contains “self’
s
s

/2



struct RefCell<T> {..}
struct Ref<’'b, T: ‘b> {..}

impl<T> RefCell<T> {
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// twiddle bits to acquire lock
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struct RefCell<T> {.} ,Unllke entry, borrow takes &self: |

struct Ref<’'b, T: ‘b> {..}

impl<T> RefCell<T> {
fn borrow<‘b>(&'b self) —> Ref<‘b, T> {
// twiddle bits to acquire lock
Ref { .. } // return a Ref that contains “self’
s
s
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struct RefCell<T> {.} ,Unllke entry, borrow takes &self: |

' Guarantees RefCell” will not be moved
struct Ref<’'b, T: ‘b> {..} ’

impl<T> RefCell<T> {
fn borrow<‘b>(&'b self) —> Ref<‘b, T> {
// twiddle bits to acquire lock
Ref { .. } // return a Ref that contains “self’
s
s
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struct RefCell<T> {.} Unllke entry, borrow takes &self: |

' Guarantees RefCell” will not be moved
struct Ref<’'b, T: ‘b> {..} ’

impl<T> RefCell<T> {
fn borrow<‘b>(&'b self) —> Ref<‘b, T> {
// twiddle bits to acquire lock
Ref { .. } // return a Ref that contains “self’
s
s

'+ Does not guarantee unique access
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struct RefCell<T> {.} Unllke entry, borrow takes &self: |

' Guarantees RefCell” will not be moved
struct Ref<’'b, T: ‘b> {..} ’

impl<T> RefCell<T> {
fn borrow<‘b>(&'b self) —> Ref<‘b, T> {
// twiddle bits to acquire lock
Ref { .. } // return a Ref that contains “self’
s
s

impl<‘b, T> Deref for Ref<‘b, T: ‘b> {
type Target = T;

'+ Does not guarantee unique access
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let vec = RefCell::new(vec![]):

let mut p = vec.borrow_mut();
p.push(format! (“data”));

let p = vec.borrow();
let q = vec.borrow();
assert_eq!(&pl0], &ql0]);
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let vec = RefCell::new(vec![]):

let mut p =|vec.borrow_mut();,
p.push(format!(“data”)); |

let p = vec.borrow(); _
let g = vec.borrow();
assert_eq!(&pl0], &qlo]);
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let vec = RefCell::new(vec![]):

let mut p =|vec.borrow_mut();,
p.push(format!(“data”)); |

let p = vec.borrow();
let g = vec.borrow();
assert_eq!(&p (0], &ql0]);

let mut vec = vec![]:

let mut p = &mut vec;
p.push(format! (“data”));

let p = &vec;
let g = &vec;
assert_eq!(&pl0], &ql0]);
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mod backend {
fn search(..) {
for entry in context.big_map.borrow() {
process(entry);

h
¥

! mod middle {

fn lazy fill(..) {

context.big_map.borrow_mut()
.insert (key,

il - @

w) ]
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pub struct Context {
pub big map: RefCell<Map<..>>

}

79



pub struct Context {
pub big map: RefCell<Map<..>>

}

«—

Open-ended access
'S error-prone.
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pub struct Context {

pub big map: RefCell<Map<..>> 4_Qpen—ended AdCCESS
} 'S error-prone.

pub struct Context {
big_map: RefCell<Map<..>>

/'}

Controlled accessors

can be audited, but impl Context A

less flexible and pub fn find entry(&self, key: &K) —> V {

repetitive. self.big_map.borrow().get(key).cloned()
+

pub fn add _entry(&self, k: K, v: V) {
self.big map.borrow _mut().insert(k, v);
}
}
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pub struct Context {

pub big_map: RefCell<Map<..>> <« Open-ended access
} 'S error-prone.

pub struct Context {
big _map: RefCell<Map<..>>

/'}

Controlled accessors

can be audited, but impl Context A

less flexible and pub fn find entry(&self, key: &K) —> V {

repetitive. self.big_map.borrow().get(key).cloned()
+

N nswer :
o best answer yet pub fn add_entry(&self, k: K, v: V) {

self.big _map.borrow _mut().insert(k, v);
}
}
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What about threads?

- Cell and RetCell cannot be shared across threads.
- AtomicU32 and Mutex can but offer similar usabillity tradeoffs.

Some alternatives to explore:
- Avoid using shared/mutability:

- often you can replace a &1 with an index into a vector
- Persistent data structures.

Your experiences?
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Exercise: aliasing and mutability

http://rust-tutorials.com/RustConf17/

http://doc.rust-lang.org/std
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Exercise: aliasing and mutability

http://rust-tutorials.com/RustConf17/

Takeaway:
Separate queries, which read state, from actions.

Create re-usable helpers for queries.

http://doc.rust-lang.org/std
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Exercise: aliasing and mutability

http://rust-tutorials.com/RustConf17/

Takeaway:

Separate queries, which read state, from actions.
Create re-usable helpers for queries.

Careful across fn boundaries.

http://doc.rust-lang.org/std

77



Open questions
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