
FrenchKit, September 29th 2022, Paris, France

any IDEA HOW TO USE some GENERICS?

Antoine van der Lee - Staff iOS Engineer at WeTransfer, Founder of SwiftLee





WWDC22



WWDC 2022
Swift Specific sessions

• Embrace Swift Generics


• Design protocol interfaces in Swift



WWDC 2022
Session related proposals

[SE 244] Opaque Result Types


[SE 309] Unlock existentials for all protocols


[SE 335] Introduce existential any


[SE 341] Opaque Parameter Declarations


[SE 346] Lightweight same-type requirements for primary associated types


[SE 347] Type inference from default expressions


[SE 352] Implicitly Opened Existentials


[SE 353] Constrained Existential Types


[SE 358] Primary Associated Types in the Standard Library


[SE 360] Opaque result types with limited availability
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Generics, Protocols, 
Opaque Types, Existentials



Ben Cohen in “Swift by Sundell Podcast E117”

“Make generics work naturally, the way people expect it to work”

Manager of the Swift team at Apple



Generics Manifesto https://github.com/apple/swift/blob/main/docs/GenericsManifesto.md

Removing unnecessary restrictions



Removing unnecessary restrictions



Generics and protocol extensions

protocol Content {

    var id: UUID { get }

    var url: URL { get }


    func makeFavorite()

}

Swift 2 generics improvements

1.2



Generics and protocol extensions

protocol Content {

    var id: UUID { get }
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    }

}

Swift 2 generics improvements

1.2



Generics and protocol extensions

protocol Content {

    var id: UUID { get }

    var url: URL { get }


    func makeFavorite()

}


struct ImageContent: Content {

    func makeFavorite() {

        // ..
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Generics and protocol extensions

protocol Content {

    var id: UUID { get }

    var url: URL { get }


    func makeFavorite()

}


struct ImageContent: Content { }

struct VideoContent: Content { }


extension Content {

    func makeFavorite() {

        //...

    }

}

Swift 2 removing unnecessary generics restrictions

2.0



Angela Laar in “What’s new in Swift WWDC 2022”

“Swift’s goal is to make your life as a developer easier”

Software Engineer, Swift team at Apple



🤯

Opaque types Existential types
Generics Protocols Type erasure

Associated types
Generalized Existentials

Constrained Opaque Result Types
Constrained Existential Types



LET’S DIVE IN



Generics
struct IntStack {

    var items: [Int] = []

    mutating func push(_ item: Int) {

        items.append(item)

    }

    mutating func pop() -> Int {

        return items.removeLast()

    }

}

struct Stack<Element> {

    var items: [Element] = []

    mutating func push(_ item: Element) {

        items.append(item)

    }

    mutating func pop() -> Element {

        return items.removeLast()

    }

}



let arrayOfStrings = ["Bernie", "Jaap", "Lady"]



let arrayOfStrings: Array<String> = ["Bernie", "Jaap", "Lady"]



let arrayOfStrings: Array<Int> = [0, 1, 2]



Generics and type constraints
func findIndex<T: Equatable>(of valueToFind: T, in array: [T]) -> Int? {

    for (index, value) in array.enumerated() {

        if value == valueToFind {

            return index

        }

    }

    return nil

}



Generics and type constraints
func findIndex<T: Equatable>(of valueToFind: T, in array: [T]) -> Int? {

    for (index, value) in array.enumerated() {

        if value == valueToFind {

            return index

        }

    }

    return nil

}



Generics and type constraints
extension Array where Element: Equatable {

    func findIndex(of valueToFind: Element) -> Int? {

        for (index, value) in self.enumerated() {

            if value == valueToFind {

                return index

            }

        }

        return nil

    }

}



Generics and type constraints
let elements = [1, 2, 3]


findIndex(of: 2, in: elements) // Results in: 1

elements.findIndex(of: 2) // Results in: 1


// Default available Swift API:

elements.firstIndex(of: 2) // Results in: 1



Generics and type constraints
let elements = ["Lady", "Jaap", "Bernie"]


findIndex(of: "Bernie", in: elements) // Results in: 2

elements.findIndex(of: "Bernie") // Results in: 2


// Default available Swift API:

elements.firstIndex(of: "Bernie") // Results in: 2



How about Opaque Types?



Opaque Types

var body: some View {     }

You’re already using them today

• • •



Opaque Types

var body: some View {     }


// Equals to:


var body: VStack {     }


// Or:


var body: Text {     }

You’re already using them today

• • •

• • •

Understanding Swift Performance - Session 416 WWDC16

• • •



Opaque Types

func makeFooterView(isPro: Bool) -> some View {

    if isPro {

        return Text("Hi there, PRO!")

    } else {

        return VStack {

            Text("How about becoming PRO?")

            Button("Become PRO", action: {

                // ..

            })

        }

    }

}

Just like with generics, the underlying type is fixed for the scope of the value.

Function declares an opaque return type 'some View', but the return 
statements in its body do not have matching underlying types

⛔



Opaque Types

func makeFooterView(isPro: Bool) -> some View {

    if isPro {

        return Text("Hi there, PRO!") // Return type is Text

    } else {

        return VStack { // Return type is VStack<TupleView<(Text, Button<Text>)>>

            Text("How about becoming PRO?")

            Button("Become PRO", action: {

                // ..

            })

        }

    }

}

Just like with generics, the underlying type is fixed for the scope of the value.

Function declares an opaque return type 'some View', but the return 
statements in its body do not have matching underlying types

⛔



Opaque Types

func makeFooterView(isPro: Bool) -> some View {

    return VStack {

        if isPro {

            Text("Hi there, PRO!")

        } else {

            Text("How about becoming PRO?")

            Button("Become PRO", action: {

                // ..

            })

        }

    }

}

Just like with generics, the underlying type is fixed for the scope of the value.

Function declares an opaque return type 'some View', but the return 
statements in its body do not have matching underlying types

⛔



Opaque Types

@ViewBuilder

func makeFooterView(isPro: Bool) -> some View {

    if isPro {

        Text("Hi there, PRO!")

    } else {

        Text("How about becoming PRO?")

        Button("Become PRO", action: {

            // ..

        })

    }

}

Just like with generics, the underlying type is fixed for the scope of the value.

Result builders in Swift explained with code examples avanderlee.com/swift/result-builders



How do Opaque types relate 
to generics?





♥

♥

♥



struct ImageContent {

    let id = UUID()

    let url: URL

}



struct ImageContent {

    let id = UUID()

    let url: URL

}


final class FavoriteImageContentStore {


    private var favorites: [UUID] = []


    func favorite(_ contentItems: [ImageContent]) {

        for content in contentItems {

            favorites.append(content.id)

        }

    }


    func isFavorite(_ content: ImageContent) -> Bool {

        return favorites.contains(content.id)

    }

}


let favoritesStore = FavoriteImageContentStore()

let imageContent = ImageContent(…)

favoritesStore.favorite([imageContent])



struct ImageContent {

    let id = UUID()

    let url: URL

}


struct VideoContent {

    let id = UUID()

    let url: URL

}


final class FavoriteImageContentStore {


    private var favorites: [UUID] = []


    func favorite(_ contentItems: [ImageContent]) {     }


    func isFavorite(_ content: ImageContent) -> Bool {

        return favorites.contains(content.id)

    }

}


let favoritesStore = FavoriteImageContentStore()

let videoContent = VideoContent(…)

favoritesStore.favorite([videoContent])

Cannot convert value of type 'VideoContent' to expected element type 
'Array<ImageContent>.ArrayLiteralElement' (aka 'ImageContent')

⛔

• • •



struct ImageContent {

    let id = UUID()

    let url: URL

}


struct VideoContent {

    let id = UUID()

    let url: URL

}



protocol Content {

    var id: UUID { get }

    var url: URL { get }

}


struct ImageContent: Content {

    let id = UUID()

    let url: URL

}


struct VideoContent: Content {

    let id = UUID()

    let url: URL

}



protocol Content {

    var id: UUID { get }

    var url: URL { get }

}


struct ImageContent: Content {     }

struct VideoContent: Content {     }


final class FavoriteImageContentStore {


    private var favorites: [UUID] = []


    func favorite(_ contentItems: [ImageContent]) {     }


    func isFavorite(_ content: ImageContent) -> Bool {

        return favorites.contains(content.id)

    }

}


let favoritesStore = FavoriteImageContentStore()

let videoContent = VideoContent(…)

favoritesStore.favorite([videoContent])

• • •

• • •

• • •

Cannot convert value of type 'VideoContent' to expected element type 
'Array<ImageContent>.ArrayLiteralElement' (aka 'ImageContent')

⛔



protocol Content {

    var id: UUID { get }

    var url: URL { get }

}


struct ImageContent: Content {     }

struct VideoContent: Content {     }


final class FavoriteContentStore {


    private var favorites: [UUID] = []


    func favorite(_ contentItems: [Content]) {     }


    func isFavorite(_ content: Content) -> Bool {

        return favorites.contains(content.id)

    }

}


let favoritesStore = FavoriteContentStore()

let videoContent = VideoContent(…)

favoritesStore.favorite([videoContent])

5.6

• • •

• • •

• • •



Opaque types vs. Generics

protocol Content {

    var id: UUID { get }

    var url: URL { get }

}

The differences between Swift 5.6 and 5.7



Opaque types vs. Generics

protocol Content: Identifiable where ID == UUID {

    var url: URL { get }

}

The differences between Swift 5.6 and 5.7



Opaque types vs. Generics

protocol Content: Identifiable where ID == UUID {

    var url: URL { get }

}


extension FavoriteImageContentStore {

    func isFavorite(_ content: Content) -> Bool {

        favorites.contains(content.id)

    }

}

The differences between Swift 5.6 and 5.7

Protocol 'Content' can only be used as a generic constraint because it 
has Self or associated type requirements

⛔

5.6



Opaque types vs. Generics

protocol Content: Identifiable where ID == UUID {

    var url: URL { get }

}


extension FavoriteImageContentStore {

    func isFavorite<T: Content>(_ content: T) -> Bool {

        favorites.contains(content.id)

    }

}

The differences between Swift 5.6 and 5.7

5.6



Opaque types vs. Generics

protocol Content: Identifiable where ID == UUID {

    var url: URL { get }

}


extension FavoriteImageContentStore {

    func isFavorite<T>(_ content: T) -> Bool where T: Content {

        favorites.contains(content.id)

    }

}

The differences between Swift 5.6 and 5.7

5.6



Opaque types vs. Generics

protocol Content: Identifiable where ID == UUID {

    var url: URL { get }

}


extension FavoriteImageContentStore {

    func isFavorite(_ content: some Content) -> Bool {

        favorites.contains(content.id)

    }

}

The differences between Swift 5.6 and 5.7

5.7

Opaque Parameter Declarations SE-341



Opaque types vs. Generics

// Swift 5.7

func isFavorite(_ content: some Content) -> Bool { }


// Swift 5.6

func isFavorite<T: Content>(_ content: T) -> Bool { }

func isFavorite<T>(_ content: T) -> Bool where T: Content { }

The differences between Swift 5.6 and 5.7

5.7

Opaque Parameter Declarations SE-341



some Protocol as shorthand for T where T: Protocol



All we know is that there's going 
to be some value of type Content



Opaque types
In summary

Just like with generics, the underlying type is fixed for the scope of the value


If a generic parameter is only used in one place, you can now write it with the some 
keyword as a shorthand


some Protocol as shorthand for T where T: Protocol


Code becomes easier to read



Generics <T>, Opaque Type some, 
how about existential types?



Existential any 
final class FavoriteImageContentStore {


    private var favorites: [UUID] = []


    func favorite(_ contentItems: [ImageContent]) {

        for content in contentItems {

            favorites.append(content.id)

        }

    }


    func isFavorite(_ content: ImageContent) -> Bool {

        return favorites.contains(content.id)

    }

}



Existential any 
func favorite(_ contentItems: [ImageContent]) {

    for content in contentItems {

        favorites.append(content.id)

    }

}



Existential any 
func favorite(_ contentItems: [Content]) {

    for content in contentItems {

        favorites.append(content.id)

    }

}

Protocol 'Content' can only be used as a generic constraint because it 
has Self or associated type requirements

⛔

5.6



Existential any 
func favorite<T: Collection>(_ contentItems: T) where T.Element: Content {

    for content in contentItems {

        favorites.append(content.id)

    }

}

5.6



Existential any 
func favorite<T: Collection>(_ contentItems: T) where T.Element: Content {

    for content in contentItems {

        favorites.append(content.id)

    }

}


let store = FavoriteContentStore()

store.favorite([

    ImageContent(…),

    ImageContent(…),

    ImageContent(…)

])

5.6



Existential any 
func favorite<T: Collection>(_ contentItems: T) where T.Element: Content {

    for content in contentItems {

        favorites.append(content.id)

    }

}


let store = FavoriteContentStore()

store.favorite([

    ImageContent(…),

    VideoContent(…),

    ImageContent(…)

]) Cannot convert value of type 'VideoContent' to expected element type 

'ImageContent'
⛔

5.6



Existential any 
func favorite(_ contentItems: [some Content]) {

    for content in contentItems {

        favorites.append(content.id)

    }

}


let store = FavoriteContentStore()

store.favorite([

    ImageContent(…),

    VideoContent(…),

    ImageContent(…)

]) Cannot convert value of type 'VideoContent' to expected element type 

'ImageContent'
⛔



Existential any 
func favorite(_ contentItems: [any Content]) {

    for content in contentItems {

        favorites.append(content.id)

    }

}


let store = FavoriteContentStore()

store.favorite([

    ImageContent(…),

    VideoContent(…),

    ImageContent(…)

])

A collection of any kind of Content

5.7



func favorite(_ contentItems: [any Content]) {

    for content in contentItems {

        favorites.append(content.id)

    }

}

A collection of any kind of Content

func favorite(_ contentItems: [ContentBox]) {

    for content in contentItems {

        favorites.append(content.innerValue.id)

    }

}


struct ContentBox {

    var innerValue: any Content

}

Understanding further with alternatives



func favorite(_ contentItems: [any Content]) {

    for content in contentItems {

        favorites.append(content.id)

    }

}


func favorite(_ contentItems: [AnyContent]) {

    for content in contentItems {

        favorites.append(content.id)

    }

}


struct AnyContent: Content {

    let id: UUID

    let url: URL


    init<T: Content>(content: T) {

        self.id = content.id

        self.url = content.url

    }

}



any value, but it conforms to Content



Existential types and performance
var anyContent: any Content = ImageContent(…)

anyContent = VideoContent(…)



Existential types and performance
var anyContent: any Content = ImageContent(…)

anyContent = VideoContent(…)


var someContent: some Content = ImageContent(…)

someContent = VideoContent(…)

Cannot assign value of type 'VideoContent' to type 
'some Content'

⛔



Existential any type
In summary

• any Protocol stands for “any value conforming to Protocol"


• Swift 5.7 adds support 'Self' or associated type requirements


• Enforced when using protocol types directly to indicate performance impact 
(starting from Swift 6)


• Unpredictable for the compiler



Comparing some and any

some


let someContent: [some Content] = [

    ImageContent(…),

    ImageContent(…)

]

let anyContent: [any Content] = [

    ImageContent(…),

    VideoContent(…)

]

any


Holds a fixed concrete type


Guarantees type relationships

Holds an arbitrary concrete type


Erases type relationships





Practical Examples



func printElement<T: CustomStringConvertible>(_ element: T) {

    print(element)

}



func printElement(_ element: some CustomStringConvertible) {

    print(element.description)

}



public struct RemoteImageFetcher {

    func fetchImage() -> UIImage {

       

    }

}


public struct ImageFetcherFactory {

    public func imageFetcher(for url: URL) -> RemoteImageFetcher {

       

    }

}

• • •

• • •



public protocol ImageFetching {

    func fetchImage() -> UIImage

}


public struct RemoteImageFetcher {

    func fetchImage() -> UIImage {

       

    }

}


public struct ImageFetcherFactory {

    public func imageFetcher(for url: URL) -> RemoteImageFetcher {

       

    }

}

• • •

• • •



public protocol ImageFetching {

    func fetchImage() -> UIImage

}


struct RemoteImageFetcher: ImageFetching {

    func fetchImage() -> UIImage {

       

    }

}


public struct ImageFetcherFactory {

    public func imageFetcher(for url: URL) -> ImageFetching {

       

    }

}

• • •

• • •



public protocol ImageFetching {

    associatedtype Image

    func fetchImage() -> Image

}


struct RemoteImageFetcher: ImageFetching {

    func fetchImage() -> UIImage {

       

    }

}


public struct ImageFetcherFactory {

    public func imageFetcher(for url: URL) -> ImageFetching {

       

    }

}

Use of protocol 'ImageFetching' as a type must be 
written 'any ImageFetching'

⛔

• • •

• • •



public protocol ImageFetching {

    associatedtype Image

    func fetchImage() -> Image

}


struct RemoteImageFetcher: ImageFetching {

    func fetchImage() -> UIImage {

       

    }

}


public struct ImageFetcherFactory {

    public func imageFetcher(for url: URL) -> any ImageFetching {

       

    }

}

• • •

• • •



public func imageFetcher(for url: URL) -> any ImageFetching {

    if url.isFileURL {

        return LocalImageFetcher(url: url)

    } else {

        return RemoteImageFetcher(url: url)

    }

}



public func imageFetcher(for url: URL) -> some ImageFetching {

    return RemoteImageFetcher(url: url)

}



public protocol ImageFetching {

    associatedtype Image

    func fetchImage() -> Image

}


public extension UIImageView {

    func configureImage(with imageFetcher: any ImageFetching) {

        image = imageFetcher.fetchImage()

    }

} Cannot assign value of type 'Any' to type 'UIImage'⛔



public protocol ImageFetching<Image> {

    associatedtype Image

    func fetchImage() -> Image

}


public extension UIImageView {

    func configureImage(with imageFetcher: any ImageFetching) {

        image = imageFetcher.fetchImage()

    }

} Cannot assign value of type 'Any' to type 'UIImage'⛔



public protocol ImageFetching<Image> {

    associatedtype Image

    func fetchImage() -> Image

}


public extension UIImageView {

    func configureImage(with imageFetcher: any ImageFetching<UIImage>) {

        image = imageFetcher.fetchImage()

    }

}

Constrained Existential Types SE-353



public protocol ImageFetching<Image> {

    associatedtype Image

    func fetchImage() -> Image

}


public extension UIImageView {

    func configureImage(with imageFetcher: some ImageFetching<UIImage>) {

        image = imageFetcher.fetchImage()

    }

}

Lightweight same-type requirements for primary associated types SE-346



Do we still need AnyView or can we use any View now?

• @ViewBuilder and generics should solve most cases of AnyView


• Existential any is just defining an existential container box


• You can’t instantiate existentials 
any View(…) is not possible while AnyView(…) is



Does any relate to Any or AnyObject?

AnyObject, Any, and any: When to use which? https://www.avanderlee.com/swift/anyobject-any



Wrap up
When to use some, any, or generics?

• Start with some if a generic parameter is only used in one place


• Change some to any when you know you need to store arbitrary (random) values


• Use generics if you have multiple type constraints



Opaque types, existential types, 
generics, protocols, type erasure, 

associated types, 

Generalized Existentials  


constrained Opaque Result Types, 
Constrained Existential Types

🤯

Still feeling overwhelmed?



https://www.avanderlee.com/swift/some-opaque-types/ SWIFTLEE



SwiftLee

avanderlee.com

SwiftLee

Jobs

SwiftLee

Weekly

avanderlee.com/swiftlee-weeklyswiftleejobs.com

BRAND NEW UPDATE SOON

GET IN TOUCH IF YOU’RE OPEN FOR JOB POSITIONS!



RocketSim giveaway
avanderlee.com/giveaway-frenchkit-2022
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