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Same when passing an argument to a function
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struct MyStruct { class MyClass {
var prop: SomeType var prop: SomeType

enum MyEnum { actor MyActor {
case firstVariant var prop: SomeType

The type declaration fixes the semantics.
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struct Vector { class VectorC {
var x: Float var x: Float

var y: Float var y: Float

L

let vl = Vector(x: 15, Llet VectorC(x: 15,
y: 25) y: 25)
var v2 = vl. ? * vl
\\\‘Valuefyﬂs T reference
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Value type

struct Vector {
var xX: Float
var y: Float

Vector(x: 15,
y: 25)
= V1.
value gets
V2.X = 0 copied
print(vl)
] Vector(x: 15, y: 25)

Retference type

class VectorC {
var x: Float
var y: Float

VectorC(x: 15,
y: 25)
v1
reference

oets copied

print(vl)
] VectorC(x: @, y: 25)
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Structure

String

A Unicode string value that is a collection of characters.

Declaration

@frozen struct String

let hello: String = "Hello"
var helloWorld = hello

helloWorld += " World!"
print(hello)
] "Hello"

Clearly, value semantics!
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String Text
ByteString

Tradeoffs between convenience, performance,
and efficiency.

And that's not even sufficient... ~ MVECTOr
(iIn a state monad?)
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An ordered, random-access collection.

Declaration

©frozen struct Array<Element>

var arr = [1, 2, 3, 4, 5, 6]
arr.map{ 2 + $0 } // = [3, 4, 5, 6, 7, 8]

arr[2] // = 3
arrl[2] = 10

(» Cannot assign through subscript: 'arr' is a 'let' constant




Structure

Array

An ordered, random-access collection.

Declaration

©frozen struct Array<Element>

variarr = [1, 2, 3, 4, 5, 6]
arr.map{ 2 + $0 } // = [3, 4, 5, 6, 7, 8]

arr[2] // = 3
arrl[2] = 10




func printShuffled(_ arr: [Int]) {
var localArr = arr
localArr.shuffle()
print(localArr)

h

variarr = [1, 2, 3, 4, 5, 6]

arr.map{ 2 + $0 } // = 13, 4, 5, 6, 7, 8]
arr[2] // = 3

arr[2] = 10 // == [1, 2, 10, 4, 5, 6]
printShuffled(arr) // unchanged!




func printShuffled(_ arr: [Int]) {
var localArr = arr

localArr.shuffle() \\\\“-\\

print(localArr) changes local
b copy only

variarr = [1, 2, 3, 4, 5, 6]

arr.map{ 2 + $0 } // = 13, 4, 5, 6, 7, 8]
arr[2] // = 3

arr[2] = 10 // == [1, 2, 10, 4, 5, 6]
printShuffled(arr) // unchanged!

Viutable array, but passed by value
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Structure

Dictionary

A collection whose elements are key-value pairs.

Declaration

@frozen struct Dictionary<Key, Value> where Key : Hashable

A dictionary Is essential a hash table

with value semantics
that can be iImmutable or mutable.



"But what about performance’?”



File1.hs

Applicative Code

Untitled
Edited

module Filel where

bla = map (+1) [1..10]

6 blub = foldl' (+) 0 [1..

foldl'
bifold!'
foldI?'
foldI?'
foldI?'

foldlElems'

Indexing: Finished indexing 1 files

Int

:: forall b a. Foldablet=>(b->a->b)->b->ta->b..
from Data.Bifoldable

from Data.ByteString.Short

from GHC.Internal.Data.List

from System.OsString.Data.ByteString.Short

from GHC.Arr

Imported from 'Prelude’

Left-associative fold of a structure but with strict application of

the operator.

Line: 6 Col: 14
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Applicative Code

] Untitled

Edited Indexing: Finished indexing 1 files

module Filel where

bla = map (+1) [1..10]
File1l.hs

6 blub = foldl' (+) 0 [1.. :: Int

foldl' :: forall b a. Foldablet=>(b->a->b)->b->ta->b...
bifold!' from Data.Bifoldable
foldI1' from Data.ByteString.Short
foldl1' from GHC.Internal.Data.List
foldI1" from System.OsString.Data.ByteString.Short
foldlElems’ from GHC.Arr

Imported from 'Prelude’

Left-associative fold of a structure but with strict application of
the operator.

Line: 6 Col: 14 [

Using strings for file contents and editor bufters
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Preserve value semantics

Viinimise the number of copies maade
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Pay load

vl = ~data..
Pay load

V2 = ~data..
Pay Lload

V8 = ~data..

Pay load
v = ~data..
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vl = "——____———-§“‘\\‘Payload

Pay load

~Mutated data..

Copy before
mutating!
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Copy-on-write
Place the payload In a box

Copy pointers to the box

Copy the box, right before mutating it
f there Is more than one pointer to It
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The pay\oad N the box can be

fixed sized dynamically sized
large struct collection
intercept intercept

property setters mutating funcs
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var propertyl: Typel { — P Propetty
get { box.propertyl }

final class Box {
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struct Bulk {
private var box: Box // Payload

_— computed propert
var propertyl: Typel { — P Propetty

get { box.propertyl }
set {

box.propertyl = newValue
}

final class Box {
var propertyl: Typel

func copy() —> Box { Box(propertyl, .., property9) }




struct Bulk {
private var box: Box // Payload

_— computed propert
var propertyl: Typel { — P Property

get { box.propertyl }
set {
if !'isKnownUniquelyReferenced(&box) {
box = box.copy()
}

box.propertyl = newValue

}
'

final class Box {
var propertyl: Typel

func copy() —> Box { Box(propertyl, .., property9) }
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set {
if !'iskKnownUniquelyReferenced(&box) {
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}
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}
'

final class Box {
var propertyl: Typel
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Function

iIsKnownUniquelyReferenced( :)

Returns a Boolean value indicating whether the given object is known to have a single strong reference.

Declaration

func 1sKnownUniquelyReferenced<T>(_ object: inout T) -> Bool where T : AnyObject

Swift uses reference counting

More about this later



struct Bulk {
private var box: Box // Payload

var propertyl: Typel {
get { box.propertyl }
set {
if !'isKnownUniquelyReferenced(&box) {
box = box.copy()
}

box.propertyl = newValue

}
'

final class Box {
var propertyl: Typel

func copy() —> Box { Box(propertyl, .., property9) }




struct Bulk {
private var box: Box // Payload

var propertyl: Typel {
get { box.propertyl }
set {
if !'isKnownUniquelyReferenced(&box) {
box = box.copy()
}

box.propertyl = newValue

}
'

flnal class Box { l
(var, ropertyl: Typel) __—What we started with!

func copy() —> Box { Box(propertyl, .., property9) }
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Plenty of bollerplate

Swift macros can generate bollerplate

https://github.com/Swift-CowBox/Swift—-CowBox

"Swift-CowBox: Easy Copy-on-Write
Semantics for Swift Structs” @

for Swift S
https://www.youtube.com/watch?v=m9JZmP9E12M gw

@

Rick Van Voorden
Swift-CowBox:
casy Copy-on-
Write Semantics
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@frozen public struct Array<Element> {
private var box: Box // Payload

public func map<T, E>(_ transform: (Element) throws —> T)
rethrows —> [T]
{ box.map(transform) }

public mutating func swapAt(_ i: Int, _ j: Int)
{

if !'isKnownUniquelyReferenced(&box) {
box = box.copy()

}




@frozen public struct Array<Element> {
private var box: Box // Payload

public func map<T, E>(_ transform: (Element) throws —> T)
rethrows —> [T]
{ box.map(transform) }

public mutating func swapAt(_ i: Int, _ j: Int)
{

if !'isKnownUniquelyReferenced(&box) {
box = box.copy()

}
box.swapAt(i, j)

/
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Swift cares about resource use

deallocation latency

stop-the-world pauses

"Swift Godot: GodotCOn =

2023
Fixing the Multi-million Dollar Mistake”™ R Erates

Swift Godot: Fixing the
Multi-million dollar
Istake

https://www.youtube.com/watch?v=tzt36EGKEZo
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Viemory Management

Swift cares about resource use

Automatic Reference Counting

Non-copyable Types (Ownership

https://www.swift.org/blog/byte-sized-swift-tiny—games—playdate/
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S

Copy-on-write for
bulk value types

% @tacticalgrace.justtesting.org
% @TacticalGrace
() mchakravarty



struct enum class actor
value types reference types

Early beta testing

Untitled
[[j Edited

Indexing: Finished indexing 1 files

module Filel where

Copy-on-write for wr e e

SIbIbEEFTold T = () NeN T T 101 S Tnt

b u | k Va‘ u e typ eS fold’ :: forall b a. Foldable t => (b -> a -> b) -> b -> ta -> b...

F bifoldl' from Data.Bifoldable
foldI1' from Data.ByteString.Short
foldI1' from GHC.Internal.Data.List
foldI1' from System.OsString.Data.ByteString.Short
foldlElems' from GHC.Arr

Imported from 'Prelude’

Left-associative fold of a structure but with strict application of
the operator.

Line: 6 Col: 14

% @tacticalgrace.justtesting.org
% @TacticalGrace
() mchakravarty
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