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General Battery Life Concepts
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What Is Energy?

Your work
Overhead

Power

Idle

Overhead

Time

Overhead

Dynamic cost

Fixed cost



Balancing Power and Battery Life




Balancing Power and Battery Life




What Consumes Energy?



What Consumes Energy?

CPU

Processing Networking Location Graphics



How to Reduce Energy Consumption

|dentify
Optimize
Coalesce

Reduce



Energy Efficient Coding
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Social Networking App
Main Feed

Current implementation { \

 Reloads on a timer




Social Networking App

Energy Impact

Feed Refresh
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Social Networking App
Main Feed

Reload only when needed [ \
» User interaction

* Notification

Use NSURLSession Default Session
* New: WaitsForConnectivity

 Cache




Social Networking App
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// Setup NSURLSession Default Session
let config = URLSessionConfiguration.default()

// Use WaitsForConnectivity

config.waitsForConnectivity = true

// NSURLSession Cache
let cachesDirectoryURL = FileManager.default().urlsForDirectory(.cachesDirectory,
inDomains: .userDomainMask).first!

let cacheURL = try! cachesDirectoryURL.appendingPathComponent("MyCache")

var diskPath = cacheURL.path

let cache = URLCache(memoryCapacity:16384, diskCapacity: 268435456, diskPath: diskPath)
config.urlCache = cache
config.requestCachePolicy = .useProtocolCachePolicy
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Social Networking App

Posting a Photo

Current implementation
* Send immediately

* Retry on failure




Social Networking App
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Social Networking App

Posting a Photo

Use NSURLSession Default Session

e Minimize retries

e Set timeouts

 Batch Transactions

When retry [imit hit

» Use Background Session




Social Networking App
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Social Networking App

Sending analytics data

Use NSURLSession Background Session
» Automatic retries

» Throughput monitoring
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Social Networking App

Sending analytics data

Use NSURLSession Background Session
» Automatic retries

» Throughput monitoring
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Social Networking Application
Energy Impact

Send analytics cost
Other networking cost
Radio cost

Power

Dynamic cost

Overhead cost

Time



Social Networking Application
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// Setup NSURLSession Background Session
let config = URLSessionConfiguration.background(withIdentifier: '"com.socialapp.background")
let session = URLSession(configuration: config, delegate: .., delegateQueue: ..)

// Set discretionary property

config.discretionary = true

// Create Request and Task

var request = URLRequest(url: URL(string: "https://www.example.com/")!)

request.addValue("..", forHTTPHeaderField: “..”)
let task = session.downloadTask(with: request)

// Set time window
task.earliestBeginDate = Date(timeIntervalSinceNow: 2 *x 60 * 60)

// Set workload size

task.countOfBytesClientExpectsToSend = 80
task.countOfBytesClientExpectsToReceive = 2048

task. resume()
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Social Networking Application
WatchOS

Use background session for screen off work
« Complication updates
» Background app refresh

* Runtime when task completes
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Networking Best Practices

|dentify

* Ensure transactions not repeated

Optimize

» Use background session

Coalesce

 Batch transactions

Reduce

e Minimize retries






Location Best Practices
L ocation APlIs

Continuous location
Quick location update
Region monitoring
Visit monitoring

Significant location change



Location Best Practices
Continuous Location

Navigate to a destination
* Continuous location updates

* Prevents device sleep

Stop location updates

 Allows device to sleep



// Create location manager

locationManager = CLLocationManager()
locationManager.delegate = self

locationManager.requestWhenInUseAuthorization()

// Set desired accuracy, auto—pause, and activity type appropriately

locationManager.desiredAccuracy kCLLocationAccuracyThreeKilometers
locationManager.pauseslLocationUpdatesAutomatically = true

locationManager.activityType = CLActivityTypeNavigation

// Set allows background if its needed

locationManager.allowsBackgroundLocationUpdates = true

// Start location updates

locationManager.startUpdatinglLocation()
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// Start location updates

locationManager.startUpdatingLocation()

// Get location updates

// Disable background updates when no longer needed

locationManager.allowsBackgroundLocationUpdates = false

// Stop location when no longer needed

locationManager.stopUpdatingLocation()
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Location Best Practices
Request location

Get nhews based on current location

» Use quick location update

locationManager.requestLocation()



Location Best Practices
Request location

Get nhews based on current location

» Use quick location update

locationManager.requestLocation()



Location Best Practices
Region monitoring

Updating content when arriving at home

» Use region monitoring




Location Best Practices
Region monitoring

Updating content when arriving at home

» Use region monitoring

let geoRegion = CLCircularRegion(center: overlay.coordinate, radius: radius, 1dentifier:

identifier)

locationManager.startMonitoring(for: geoRegion)




Location Best Practices
Visit monitoring

Updating content when arriving at frequently visited locations

» Use visit monitoring




Location Best Practices
Visit monitoring

Updating content when arriving at frequently visited locations

» Use visit monitoring

locationManager.startMonitoringVisits()




Location Best Practices
Visit monitoring

Updating content when arriving at frequently visited locations

» Use visit monitoring

locationManager.stopMonitoringVisits()




Location Best Practices
Significant location change

Updating content based user location

» Use significant location change




Location Best Practices
Significant location change

Updating content based user location

» Use significant location change

locationManager.startMonitoringSignificantLocationChanges()




Location Best Practices
Significant location change

Updating content based user location

» Use significant location change

locationManager.stopMonitoringSignificantLocationChanges()




Location Best Practices

|dentify:

» Accuracy level needed

Optimize:

e Use alternatives to continuous location

Reduce:

» Stop location when not used

Coalesce:

» Defer location updates






Graphics

Minimize screen updates

* Ensure screen updates provide needed changes

Review blur usage

 Avoid placing blurs over updating elements



Graphics
W EON

Minimize use of Discrete GPU

Use Discrete GPU only when:
* Animation performance suffers

* Functionality isn't supported



Graphics
MacOS—Metal

MTLCreateSystemDefaultDevice()

» Always uses Discrete GPU

Use Integrated GPU when possible
 MTLCopyAllDevices

- Select device with isLowPower attribute set



Graphics
MacOS—OpenGL

Make your app mux-aware by either:

» Adding NSSupportsAutomaticGraphicsSwitching to your info.plist

NSSupportsAutomaticGraphicsSwitching ;|

» Creating an OpenGL context with the automatic graphics switching attribute

let attributes3 : [CGLPixelFormatAttribute] = [

KCGLPFASupportsAutomaticGraphicsSwitching,
KCGLPFAAllowOfflineRenderers,
CGLPixelFormatAttribute(Q)

]

CGLChoosePixelFormat(attributes3, &pix, &npix)
CGLCreateContext(pPixelFmt, nil, &pContext)



Graphics Best Practices

|dentify:

 Blur usage

Optimize:

* Only use discrete GPU when needed (macOS)

Reduce:

* Minimize screen updates






Processing Best Practices

ldentify tasks
Do work quickly and efficiently
Avoid timers

Set leeway



Background Processing

Foregrounded

l

Foreground work
Background work
Overhead

Backgrounded

Suspended

Power

Dynamic cost

Fixed cost

Idle

Time



Background Processing

Finish work quickly fE \

Use background app refresh

Call completion handler




Background Processing
i0S

PushKit API

 Now has completion handler

» Call after handling push




Background Processing
0S

PushKit API
* Now has completion handler

o Call after handling push

func pushRegistry(_ registry: PKPushRegistry, didReceiveIncomingPushWith payload:
PKPushPayload, forType type: PKPushType, withCompletionHandler completion: @escaping () —>

Void) A
// Process the incoming push payload here...

// Then signal that processing has completed

completion()



Background Processing
Current

Background work
Overhead

Incoming
Push

|

Suspended

Power

Dynamic cost

Fixed cost

Idle

Time



Background Processing
With Completion Handler

Background work
Overhead

Incoming
Push Completion
l Handler

Power

Dynamic cost

Fixed cost

Idle

Time



Background Processing
WEIC ) [ON

New: Navigation background mode
* CPU limits like Workout
* Minimize networking

 Ensure work Is relevant to the user

Use background app refresh and complication updates to refresh data



Background Processing

|dentify:
» Work done in the background

Optimize:
» Use Background App Refresh

Reduce:

 Limit transactions

Coalesce:

» Use NSURLSession background session
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Final Thoughts



Overview

Energy debugging tools

Measuring energy impact of your apps

Demo
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Settings: Battery
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Energy Debugging Workflow
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possible when not directly responding to user input.

Network Activity Network Profile
Network activity occurring in response to your app. Networking brings up radios, which require power for prolonged periods. Batch network activity
whenever possible to reduce overhead.

Location Activity Location Profile
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
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Overhead

Overhead represents energy use as a result of bringing up radios and other system resources your app needs to perform work.

High CPU Utilization

CPU usage of greater than 20%. High CPU utilization rapidly drains a device's battery. Always use the CPU efficiently and return to idle as quickly as
possible when not directly responding to user input.

Time Profile

Network Activity

Network activity occurring in response to your app. Networking brings up radios, which require power for prolonged periods. Batch network activity
whenever possible to reduce overhead.

Network Profile

Location Activity
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
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Instruments

Run1of 1 | 00:01:50

Threads CPUs

CPU Usage

Life Cycle

) Time Profiler ' Profile ' Root @

Weight Self Weight Symbol Name Heaviest Stack Trace

2.98 s 100.0% Os EnergyBuddy (558) 2976.0 EnergyBuddy (558)
2.01s 67.6% Os »Main Thread Ox11e72 2012.0 Main Thread Ox11e72

256.00 ms 8.6% Os ¥_pthread_wqthread 0x14622
256.00 ms 8.6% Os 7_pthread_wgthread ‘ - 50100
246.00 ms 8.2% Os v0x101d057fa . P s iz o .
246.00 ms 8.2% 0s vOx101cfe1c2 : 2012.0 UlApplicationMain
246.00 ms 8.2% Os v0x101cf0e56 : L 2012.0 GSEventRunModal
239.00 ms 8.0% Os 0x101cfceOe 0 ‘ 2012.0 CFRunLoopRunSpecific
22400 ms 7.5% Os v0x101cfO8b6 | tct 2010.0 __CFRunLoopRun
224.00 ms  7.5% Os Ox101cfceOe libdispz 704.0 __CFRUNLOOP_IS_SERVICIN...
22400 ms 7.5% Os 70x101cf150e : 683.0 Ox101cf26d2
224.00ms 7.5% Os 70Ox101ced70a oF:
22400 ms 7.5% Os "_Xpc_connection_mach_event
22400 ms 7.5% Os ¥_xpc_connection_call_event_handler
221.00 ms 7.4% Os Ymessage_handler unda 620.0 -
221.00ms 7.4% Os 7-[NSXPCConnection _decodeAndinvokeMessageWithData:flags:] F L2 584.0 -[
220.00ms 7.3% Os V_NSXPCCONNECTION_IS_CALLING_OUT_TO_EXPORTED_OBJECT__ F 582.0 -[UlIViewAnimationState send...
S
21

2012.0 start

main

683.0 0x101ced612
631.0 CA::Layer::run_animation_call...
UlViewAnimationState anim...

UlViewAnimationState anim...

220.00ms 7.3% Os -[NSinvocation invoke] reF ‘ 581.0 -[UlTransitionView _transition...
220.00ms 7.3% Os v__invoking__ C ' 581.0
220.00ms 7.3% -[PUPhotoPickerExtensionHostContext didSelectMediaWithinfoDictionary:] | 581.0
220.00ms 7.3% [ "-[PUPhotoPickerExtensionHostContext _UlimagePickerControllerinfoDictionaryFromPhotoPickerinfoDictionary:] ‘
207.00ms 6.9% 1 v-[PUPhotoPickerExtensionHostContext _JPEGDataFromimageData:]
197.00 ms 6.6% ] 7_UllmageJPEGRepresentation
196.00 ms 6.5% : 7lI0ImageDestination::finalize() M-z 580.0 -[UICurrentContextPresentat...
196.00 ms 6.5% v AppleJPEGWritePlugin::WriteProc(void*, void*, void*, void*) L2 580.0 -[UlPresentationController tra...
196.00 ms 6.5% 5 v AppleJPEGWritePlugin::writeOne(llOImagePixelDataProvider*, [IODictionary*, 1lIODictionary*, unsigned int) 567.0 -[UlViewController _endAppe...
124.00 ms 4.1% - Vapplejpeg_encode_image_row ' I ) 566.0 -[UlViewController _setViewA...
122.00 ms 4.0% Os [] "aj_encode_row E( .0 @objc ConfirmViewController....
108.00 ms 3.6% Os ] Vaj_encode_buffers_baseline '
109.00 ms 3.6% O0s [] vaj_mcu_dct

76.00ms 2.5% 76.00ms || aj_block_encode_ac

UlTransitionView _didCompl...
-[UlTransitionView notifyDidC...
580.0 -[_UlViewControllerTransition...
580.0 __56-[UlIPresentationControll...

ConfirmViewController.viewDi...
PerformONR
CGDataProviderCopyData
imageProvider_getBytes

Input Filter Call T Call Tree Constraints Data Mining
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Instruments

Run1of 1 | 00:01:24

Location Energy Impact High Highy [High High

&) Location Energy Model = Energy Impact @

Starta Duration Energy Impact Cause Backtrace

00:00.000.000 3.57 s None Initial assumption __kdebug_trace64

00:03.573.973 3.00 s High CLLocationManager<0x11fd3a9d0> changed accuracy to kCLLocationAccuracyBest ],7 Ox185e4e96¢c

00:06.575.967 995.83 ms None All location managers were released [ ' Ox185e5bailc

00:07.571.794 3.00 s High CLLocationManager<0x11fd3a9d0> changed accuracy to kCLLocationAccuracyBest LocationBliper.blip()

00:10.575.177 995.65 ms None All location managers were released ConfirmViewController.handleLocati...

00:11.570.822 3.01 s High CLLocationManager<0x11fd3a9d0> changed accuracy to kCLLocationAccuracyBest PreciseLocationManger.locationMan...
@objc PreciseLocationManger.locati...

| Ox185e648ac
| Ox185e640f8
| Ox185e4d804

00:14.576.170 375.81 ms None All location managers were released
00:14.951.981 3.07 s High CLLocationManager<0x11fd3a9d0> changed accuracy to kCLLocationAccuracyBest
00:18.026.017 28.97 s None All location managers were released
00:46.999.484 3.06 s High CLLocationManager<0x11fd3a9d0> changed accuracy to kCLLocationAccuracyBest
00:50.063.006 2.51s None All location managers were released
00:52.571.816 3.01 s High CLLocationManager<0x11fd3a9d0> changed accuracy to kCLLocationAccuracyBest
00:55.584.867 3.98 s None All location managers were released

__ CFRUNLOOP_IS_CALLING_OUT_TO...
_ CFRunLoopDoBlocks
__CFRunLoopRun

CFRunLoopRunSpecific
00:59.567.732 3.02 s High CLLocationManager<0x11fd3a9d0> changed accuracy to kCLLocationAccuracyBest | GSEventRunModal

01:02.585.000 20.64 s None All location managers were released UlApplicationMain

main

start

Input Filter



Scenarios for Energy Debugging

General/common
* Launch and Idle

» Background

Application specific

* For example, Navigation App
- Search for an address
- Get directions

- Navigate






Battery Life Concepts

Energy Efficient Coding

Energy Debugging Tools and Demo
Final Thoughts



Final Thoughts

Use NSURLSession Background Session
Minimize use of continuous location
Avoid timers

Coalesce work

Use energy gauges



Related Sessions

Advances in Networking, Part 1 Executive Ballroom Wednesday 3:00PM
Advances in Networking, Part 2 Executive Ballroom Wednesday 4:00PM
NSURLSession: New Features and Best Practices WWDC 2016

Networking for the Modern Internet WWDC 2016
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