


Technology and Refinements

















Expanded free trials Receipt enhancementsSubscriptions apps transfer

App Store cleanup TestFlight more testersNew iOS design resources

TestFlight multiple builds Subscriptions reportingXcode automatic distribution signing

Reviews APIUnified Developer Services key Apple Pay domain autorenewal

Faster app review Responses to reviews Phased releaseLocalized enrollment Schedule a call





High Sierra will be the last macOS release to 
support 32-bit apps without compromises



64-bit Requirements 
January 2018: New apps 
June 2018: All apps and updates







Swift Playgrounds





Users of Swift Playgrounds

1 Million





Users Outside U.S.

65%
International

China

United States



Users Outside U.S.

65%
International

China

United States



Line-by-line highlighting 
Content update notifications 
Add new Playground pages 
Improved error messages 
MapKit support



Line-by-line highlighting 
Content update notifications 
Add new Playground pages 
Improved error messages 
MapKit support



Swift Playgrounds 1.5























The best way to control robots and 
drones with code you write yourself



Available 

Today 
In the App Store



Available 

This Fall 
Swift Playgrounds 2





Playground Feeds 
Author-hosted content 
Subscription model 
Update notifications 
Localized content



Playground Feeds 
Author-hosted content 
Subscription model 
Update notifications 
Localized content

+

+

+

+



Available This Fall 
Integrated API documentation  
Swift 4 and Swift 3.2 
iOS 11 SDK 
Camera and Augmented Reality



Available This Fall 
Eight additional localizations 



Swift Playgrounds 2 

Preview 
Via TestFlight



Swift Playgrounds



Xcode 9





Source Editor









new diagnostics, 
analyzers, and  

fix-its

300+



File opening

3x
FASTER



File opening

3x
FASTER

Scrolling

60
FPS



File opening

3x
FASTER

Scrolling

60
FPS

Jump to line

50x
FASTER



Editor Hero #4:  Tokenization



Editor Hero #4:  Tokenization



Editor Hero #4:  Tokenization



Refactoring 
All new engine and workflow for Swift, Objective-C, C, and C++



Refactoring



Demo



Editor Hero #5:  Code Roll for Rename



Add missing protocol requirements 
Generate missing implementation stubs 
Add missing overrides for abstract methods 
Extract to local variable 
Extract method / expression 
Expand ‘default’ in switch statements 
Convert if / else to / from switch statement 
Wrap string in NSLocalizedString macro

Transformations



Open Source Transformation Engine



Source Editor



Source Editor with Refactoring



Swift



Swift apps on the App Store

250,000







Source compatibility

Smaller binaries

Memory exclusivity

Improved Package Manager

Easier to use String

Dictionary enhancements

Improved generics

Class-constrained protocols

Encoding and decoding

Smart keypaths Numeric protocols



String



Easier to use 
More Unicode correct 
Fast

String



var s = "Hello!" 
for c in s.characters   print(c) 

s.characters.last == "!" 
s.characters.index(of: "!") 

String(s.characters.dropLast(1)) + " world!"

Swift 3

{ }



var s = "Hello!" 
for c in s.characters   print(c) 

s.characters.last == "!" 
s.characters.index(of: "!") 

String(s.characters.dropLast(1)) + " world!"

{ }

Swift 3



var s = "Hello!" 
for c in s.characters   print(c) 

s.characters.last == "!" 
s.characters.index(of: "!") 

String(s.characters.dropLast(1)) + " world!"

{ }

Swift 3



var s = "Hello!" 
for c in s   print(c) 

s.last == "!" 
s.index(of: "!") 

s.dropLast(1) + " world!"

{ }



var s = "Hello!" 
for c in s   print(c) 

s.last == "!" 
s.index(of: "!") 

s.dropLast(1) + " world!"

Strings are now range-replaceable, 
bidirectional Collections

{ }
simplifiedString



let poem = """ 
’Twas brillig, and the slithy toves  
      Did gyre and gimble in the wabe:  
All mimsy were the borogoves,  
      And the mome raths outgrabe.   
"""

Multi-Line String Literals



let index = poem.index(of:",")! 
let substring = poem[..<poem.index] // ’Twas brillig

Simple and Expressive Slicing



"!"#$".count == 1

Swift 3



"!"#$".count == 1
🤔

Swift 3



! " # $



1F1F8 1F1F8 1F1EC 1F1F1 1F1F1 1F1F8 1F1E9 1F1EF

! " # $



1F1F8 1F1F8 1F1EC 1F1F1 1F1F1 1F1F8 1F1E9 1F1EF

"!"#$"

Unicode 9 Grapheme Breaking



1F1F8 1F1F8 1F1EC 1F1F1 1F1F1 1F1F8 1F1E9 1F1EF

"!"#$"

Unicode 9 Grapheme Breaking



"!"#$".count == 4

Unicode 9 Grapheme Breaking



English 
French 
German 
Spanish

String processing

3.5x
FASTER



Simplified Chinese 
Japanese

String processing

2.5x
FASTER



Codable



public struct Farm  
    public let name: String 
    public let location: Location 
    public let animals: [Animal] 
}

{



public struct Farm  
    public let name: String 
    public let location: Location 
    public let animals: [Animal] 
}

{



public struct Farm  
    public let name: String 
    public let location: Location 
    public let animals: [Animal] 
}

{Codable:



public struct Farm  
    public let name: String 
    public let location: Location 
    public let animals: [Animal] 
}

{Codable:

let farm = Farm(name: "Old MacDonald's Farm", 
                location: Location(latitude: 51.6216, 
                                   longitude: 0.2692), 
                animals: [.cow, .dog, .chicken])



let farm = Farm(name: "Old MacDonald's Farm", 
                location: Location(latitude: 51.6216, 
                                   longitude: 0.2692), 
                animals: [.cow, .dog, .chicken])



let payload: Data = try JSONEncoder().encode(farm)

let farm = Farm(name: "Old MacDonald's Farm", 
                location: Location(latitude: 51.6216, 
                                   longitude: 0.2692), 
                animals: [.cow, .dog, .chicken])



let payload: Data = try JSONEncoder().encode(farm)



let payload: Data = try JSONEncoder().encode(farm)

JSON

{ 
   "name":"Old MacDonald's Farm", 
   "location”: {“longitude":0.2692, "latitude":51.6216}, 
   "animals":[0,1,2] 
} 



let payload: Data = try JSONEncoder().encode(farm)

JSON

let farm = try JSONDecoder().decode(Farm.self, from: payload) 
let coordinates = farm.location

{ 
   "name":"Old MacDonald's Farm", 
   "location”: {“longitude":0.2692, "latitude":51.6216}, 
   "animals":[0,1,2] 
} 



Easy to Adopt



Swift Language VersionSwift Language Version



Swift 3.2
Swift 4.0Swift Language VersionSwift Language Version



One compiler 
Two Swift language modes 
Mix-and-match 3.2 and 4.0 targets

Swift 3.2Swift 3.2
Swift 4.0



Swift 3.2 
Build projects with no modifications 
Use almost all new Swift features 
Use new APIs from SDK 
No Swift-improvements to existing APIs



Swift 4.0 
Use all the new language features 
Improved performance 
SDK improvements for Swift 
Some migration required



Building Large Projects



Building large mix-and-match Swift/Objective-C projects

40% faster



Building projects using multiple WMO targets

2x faster



Swift 4



Core Technologies



Indexer



Open Quickly 
first result

35x
FASTER



Large project 
search

50x
FASTER

Open Quickly 
first result

35x
FASTER



Indexing While Building

Building ‘SolarSystem’ (and indexing) …



Build System



New Build System



Built in Swift 
Layers atop llbuild  
Modern architecture



Process separation  
Unified dependency graph 
Improved configuration analysis 
Increased parallelism and caching



Build ToolsBuild System



Small project Medium project Large project



Full build



Full build



Incremental build



Incremental build



Incremental build

Up to  

2.5x 
Faster build operations



Incremental build

Up to  

40% 
Faster file compilation



Xcode 9Xcode 8.3



Preview in Xcode 9 
Opt-in via Workspace Settings 
Default build system soon



Source Control



2  3/
of all pull request related activity on 

GitHub  happens from a Mac



Integrated into Xcode









Demo



Debugging and Analysis



View Controllers in View Debugger



View Controllers in View Debugger



SpriteKit Scenes in View Debugger



SpriteKit Scenes in View Debugger



SceneKit Scenes in View Debugger



SceneKit Scenes in View Debugger



Runtime Sanitizers



Address Sanitizer

Thread Sanitizer



Sanitizers
Undefined Behavior Sanitizer

Main Thread API Checker

Address Sanitizer

Thread Sanitizer



Undefined Behavior Sanitizer



Main Thread API Checker







Testing and Continuous Integration



Xcode Server Built In



Xcode Server Built In



UI Testing Multiple Applications



UI Testing Multiple Applications



Query performance

3x
FASTER



Query performance

3x
FASTER

Using first match API

10x
FASTER



Parallel Device and Simulator Testing

> xcodebuild test 
   -destination “name=iPad Pro” 
   -destination “name=iPhone7”



Parallel Device and Simulator Testing

> xcodebuild test 
   -destination “name=iPad Pro” 
   -destination “name=iPhone7”



Multiple Booted Simulator Devices



Simulator bezel 
Hardware controls 
Support for edge swipes 
Fully resizable 
Touch Bar controls 





Wireless Development



















Drag and Drop



Easy to adopt 
Flexible and customizable 
Fully multi-touch enabled 
Secure by design



Automatic for  
Text and Web



Automatic for  
Text and Web



// Begin Drag 
let dragData = self.data(at: sourceIndexPath) 
let itemProvider = NSItemProvider(object: dragData) 
return [UIDragItem(itemProvider: itemProvider)] 

// Perform Drop 
coordinator.session.loadObjects(ofClass: MyDataType.self) 
{ (data) in 
    self.insertData(data, at: destinationIndexPath) 
    collectionView.reloadSections(IndexSet(integer: 0)) 
}



// Begin Drag 
let dragData = self.data(at: sourceIndexPath) 
let itemProvider = NSItemProvider(object: dragData) 
return [UIDragItem(itemProvider: itemProvider)] 

// Perform Drop 
coordinator.session.loadObjects(ofClass: MyDataType.self) 
{ (data) in 
    self.insertData(data, at: destinationIndexPath) 
    collectionView.reloadSections(IndexSet(integer: 0)) 
}



Gestures 
Lift animations 
Multi-item drags 
Previews 
Badges 
Set-down animations



Customizable 
Appearance



Custom  
Data Types



Reordering 
Support



Reordering 
Support



Cross-Process



Cross-Process



In-App  
Multi-Touch



In-App  
Multi-Touch



System-Wide  
Multi-Touch



System-Wide  
Multi-Touch



Secure



Demo



Brooke Francesi







// Adopt Large Titles 

navigationBar.prefersLargeTitles = true 

// Automatically Choose Large Title 

navigationItem.largeTitleDisplayMode = .automatic 

// Adopt Unified Search Bar 

navigationItem.searchController = searchController



Dynamic Type





Text



Files



Type filtering  
Custom actions 
Document creation 
Appearance customization



Type filtering  
Custom actions 
Document creation 
Appearance customization



In-app document sharing 
Supports iOS and macOS 
Leverages NSFileCoordinator 
NSDocument support



Size classes 
Auto layout 
Default storyboards



ReplayKit with Screen Broadcast

Export to PDF

HomeKit Event Triggers QuickLook Thumbnails

Smart Quotes

Property Animator Enhancements FileProvider for File Management

AV Route Picker

Swift Archival and Serialization

Photos AutoLoop

Focus Debugger

HEVC/HEIF

Document Picker

CoreSpotlight

SceneKit Animations

Vector Assets

Named Color Assets

Paste Configurations

UIFontMetrics

Screen Edge Protect

Collection View RTL

CALayer Corner Masking

PDFKit

Password Autofill



App strip 
Apps in the transcript 
Direct send



Payment accounts 
Lists 
Notes 
QR codes



40 million songs  
Play songs and playlists 
Listen to radio stations



Photos



Photos Project 
Extensions



Photos Extension

Project Metadata

Extension Private Data



Extension UI  
Hosted in Photos



Print Products



Web Photo Albums



Framed Prints



Camera



Camera detects QR codes 
Link into apps via Universal Links



HEVC and HEIF



JPEG – 1992



H.264 – 2003



Complex Assets



High Dynamic Range 
Wide Color 



High Resolution



HEVC

Compression Performance Scalability

2x



HEVC

Compression Performance Scalability

2x



Modern ContainerCompound Assets Extensible and Rich

HEIF

ftyp

meta Item 
info

Item 
location

Other 
metadata

mdat Item’s  
Encoded bitstream

…

moov
Trak

Trak

…



ImageIO 
Core Image 
AVFoundation 
PhotoKit



var asset = AVAsset(url: URL(fileURLWithPath: "hevc.mov")) 
if !asset.isPlayable { 

asset = AVAsset(url: URL(fileURLWithPath: "h264.mov")) 
}



Ecosystem 

HEIF/HEVC



Ecosystem 

HEIF/HEVC

JPEG

H.264

JPEG



Depth





Tele Camera

Wide Camera







Depth







Depth of Field Effect



HEIF



HEIF



CIImage(contents:)

CIImage(contents: 
options:[kCIImageAuxiliaryDepth:YES])

HEIF



CIImage(contents:)

CIImage(contents: 
options:[kCIImageAuxiliaryDepth:YES])

HEIF





Use Depth to create custom filters



Use Depth to create custom filters



Use Depth to create custom filters



Use Depth to create custom filters



Hardware Depth Engine AVDepthData

Streaming Depth API

Camera Stream



Hardware Depth Engine AVDepthData

Streaming Depth API

Camera Stream



AVCapture 
AVDepthData 
ImageIO 
Core Image



Vision







Bring powerful 
computer  

vision capabilities  
to your apps



Face and  
Landmark  
Detection



Rectangle 
Detection



Text  
Detection



Text  
Detection



Barcode 
Detection



Object  
Tracking



Object  
Tracking



Vision and Core ML

Core ML



Vision and Core ML

Core ML

Vision



Demo



Core ML



Architecture

Applications



Architecture

Domain Specific 
Frameworks

Vision Natural Language 
Processing

Applications

NEW



Core ML

Architecture

ML Framework

Domain Specific 
Frameworks

Vision Natural Language 
Processing

Applications

NEW

NEW



Core ML

Architecture

ML Performance 
Primitives

ML Framework

Domain Specific 
Frameworks

Accelerate MPS

Vision Natural Language 
Processing

Applications

NEW

NEW



Core ML



Feed Forward 
Neural 

Networks

Convolutional 
Neural 

Networks

Recurrent 
Neural 

Networks

Tree 
Ensembles

Support 
Vector 

Machines

Generalized 
Linear 

Models





Core ML Workflow

Core ML 
Converter 

Tools Core ML

Open Source



Performance

Neural 
Network



Performance

Graph 
Optimization



Performance

Automatic 
Hardware 
Selection

GPU CPU



Simple 
Fast 
Energy efficient 
iOS, macOS, watchOS, tvOS





Metal





Wide Color 

Layered Rendering

Convolution Neural NetsDramatically reduced overhead

Precompiled shadersUnified graphics and compute

Efficient multithreading

Visual frame debugger

Memoryless Render Targets

Thread-safe resource creation

Integrated Xcode tools

Shader profiler

MetalKit

C++14 shading language

Separate textures and samplers

Metal Performance Shaders

Tessellation

Resource Heaps

Threadgroup Synchronization

Function Resource Read-Writes

MSAA Blits

Metal Trace SystemsFunction Specialization

Stencil Texture Views

Parallel encoding

Array of Textures

Indirect drawing/dispatch

Deferred Store Actions

Persistent buffer mappings

sRGB Writes



Metal

3D Graphics 
and   

GPU Compute

GPU

Your Application



3D Graphics 
and   

GPU Compute

Metal

GPU

Your Application



3D Graphics 
and   

GPU Compute

Metal

GPU

Your Application

SpriteKit SceneKit

Layers 
and 

Animation

3D Scene 
Graphs

2D Sprite 
Graphics

Image 
Processing Maps

MapKit

Machine 
Learning

Core MLCore 
Animation Core Image

User Interface

UIKit

Vision

VisionKit



iOS apps using system frameworks calling Metal

1.7 Million











Ian Bullock, Head of Technology 
Feral Interactive

“Metal’s richer feature set and lower overhead 
have allowed us to bring cutting edge games 
to the Mac with frame rates and effects that 
simply weren’t possible before.”







Apple products supporting Metal

900 Million



Metal 2





GPU-Driven Rendering



Significant Overhead  
Per Frame

GPU

Your Application

Time spent  
per frameOpenGL



Dramatically Reduced  
CPU Costs

GPU

Your Application

Time spent  
per frame

Metal



Even More Efficiency

GPU

Your Application
Time spent  
per frame

Metal 2



Indirect argument buffers 
Raster order groups 
Quad and SIMDGroup data exchange 
Arrays of samplers 
Uniform variables



Metal Render Pass

Graphics State

Resource Arguments



Metal Render Pass

material constants

surface texture

specular texture

texture sampler

Metal Resources

Setting all arguments every draw call

Graphics State

Resource Arguments



material constants

surface texture

specular texture

texture sampler

Metal Resources

Argument Buffer

Metal Render Pass

Graphics State

Resource Arguments



Initialize argument buffers once during set upSet argument buffer per draw call

material constants

surface texture

specular texture

texture sampler

Metal Resources

Argument Buffer

Metal Render Pass

Graphics State

Resource Arguments



Initialize argument buffers once during set upSet argument buffer per draw call

material constants

surface texture

specular texture

texture sampler

Metal Resources

Argument BufferArgument BufferArgument BufferArgument BufferArgument BufferArgument Buffer

Metal Render Pass

Graphics State

Resource Arguments



CPU Time Per Draw Call

Measured on iPhone 7 Plus

0.0

2.0

4.0

6.0

8.0

Without argument buffers With argument buffers
2 8 16 2 8 16

Time (microseconds)

Resources



CPU Time Per Draw Call

Measured on iPhone 7 Plus

0.0

2.0

4.0

6.0

8.0

Without argument buffers With argument buffers
2 8 16 2 8 16

Time (microseconds)

Resources

Time Saved



Platform Feature Alignment



Unified API across macOS, iOS, and tvOS 
Maintains compatibility wherever possible 
Exposes key hardware features 



Metal Performance Shaders 
Resource Heaps 
Linear Textures 

Dual Source Blending



Allocate large buffers of memory 
Ultra fast resource re-allocation  
Abstract GPU hardware differences 
Building block for MPS performance



Separate Allocations



Memory Allocation for A

Separate Allocations Texture A Texture B

Memory Allocation for B

Texture C

Memory Allocation for C



Memory Allocation for Heap

Memory Allocation for A

Separate Allocations

Using Heaps

Texture A Texture B

Memory Allocation for B

Texture C

Memory Allocation for C



Memory Allocation for Heap

Memory Allocation for A

Separate Allocations

Texture A Texture B Texture CUsing Heaps

Texture A Texture B

Memory Allocation for B

Texture C

Memory Allocation for C



Memory Allocation for Heap

Using Heaps

Separate Allocations

Memory Allocation for A

Texture A Texture B

Memory Allocation for B

Texture C

Memory Allocation for C

Texture A Texture B Texture C



Memory Allocation for Heap

Using Heaps

Separate Allocations

Memory Allocation for A

Texture A Texture B

Memory Allocation for B

Texture C

Memory Allocation for C

Texture ATexture ATexture ATexture ATexture ATexture ATexture A

Super fast re-allocation within heap

Texture B Texture C



Memory Allocation for Heap

Using Heaps

Separate Allocations

Memory Allocation for A

Texture A Texture B

Memory Allocation for B

Texture C

Memory Allocation for C

Texture ATexture ATexture ATexture ATexture ATexture ATexture A

Super fast re-allocation within heap Re-interpret existing memory

Texture B Texture C

Texture D



Memory Allocation for Heap

Texture AUsing Heaps Texture BTexture C

Separate Allocations

Memory Allocation for A

Texture A Texture B

Memory Allocation for B

Texture C

Memory Allocation for C



Memory Allocation for Heap

Texture AUsing Heaps
Memory savings when resources  

not needed simultaneously
Texture BTexture C

Separate Allocations

Memory Allocation for A

Texture A Texture B

Memory Allocation for B

Texture C

Memory Allocation for C



Unified graphics and compute 
MPS-optimized kernels and API 
• Image processing 
• Linear algebra 
• Math operations



Machine Learning Acceleration



GPU-accelerated primitives 
New MPS graph API for CNN 
Efficient integration for existing Metal code



Arithmetic Ops

Min-Max, Mean-Variance

Upsampling

Bilinear Rescale Find Keypoints

Matrix - Matrix Multiply

Matrix - Vector Multiply

Matrix Solvers

Single Gate GRU

LSTM

Convolution - 8-bit Weights

Dilated and Sub-pixel ConvolutionConvolution Transpose

Binary and XNOR Convolution

Dilated and L2Norm Pooling

Batch Normalization

Log Softmax

Neuron Layers



ML Performance 
Primitives

ML Framework

Domain Specific 
Frameworks

Accelerate MPS

Core ML

Vision Natural Language 
Processing

Applications



ML Performance 
Primitives

ML Framework

Domain Specific 
Frameworks

Accelerate MPS

Core ML

Vision Natural Language 
Processing

Applications

Metal



VR



Enabling VR development 
360° video editing 
3D content creation



Optimized low-latency support for HMD 
Metal viewport arrays 
System trace VR timelines 
Frame debugger per-eye visualization



Available Today  

Beta for macOS



HTC Vive headset and controllers











Traditional Rendering
60 frames / second

GPU Frame 1 Frame 2Frame 0

16.7 ms



Traditional Rendering

16.7 ms

GPU

60 frames / second

Available time for your app’s rendering



VR Rendering

11.1 ms

GPU

90 frames / second

Available time for your app’s rendering



90 frames / second

~10 ms

VR compositor

GPU

~1 ms

Available time for your app’s rendering

VR Rendering



~10 ms

VR compositor

GPU

~1 ms

~100  frames / second

Available time for your app’s rendering

VR Rendering









External GPU Support



Metal device selection API 
GPU connection notification API 
Improved Metal driver robustness









macOS Developer Beta 

Developer Kit



Available Today 
Thunderbolt 3 enclosure 
AMD Radeon RX 580 
USB-C hub 
HTC Vive discount 

$599
Developer Program members



Advanced Optimization Tools



GPU counter profiling 
Pipeline metrics and remarks 
Metal resource Quick Look 

Pixel and vertex data inspection 
Advanced filtering 
New Metal capture APIs







Demo















Metal 2



ARKit



iPhone 6s and later 
iPad Pro and later

Arkit



Hundreds of Millions 
ARKit Capable Devices



Visual-Inertial Odometry



Text



Text



Text



Text



Text



CPU

Camera

Gyro and Accelerometer



Scene Understanding















Text



Application

Rendering/Engine

CoreMotion

Motion Sensors Camera

AVFoundationMetal

GPU

ARKit



ARKit



ARSession

ARSessionConfiguration

ARWorldTrackingSessionConfiguration



ARSession

ARSessionDelegate 
or 

currentFrame

ARFrame 
ARFrame 

ARFrame 
ARFrame 



Application

ARKit

CoreMotion

Motion Sensors Camera

AVFoundationMetal

GPU

Rendering/Engine



Rendering/Engine



Metal 2









Martin Sanders



Hands On







iOS 11 
macOS High Sierra 
watchOS 4 
tvOS 11 
Xcode 9 
Swift Playgrounds 2

developer.apple.com/wwdc/resources/



Over 100 sessions 
Over 200 labs 
Over 1000 Apple engineers






