System Frameworks WWDC15

Debugging Energy Issues

Session /08

Abhinav Pathak 1OS Power Team
Pai-Han Huang 105 Power Team

© 2015 Apple Inc. All rights reserved. Redistribution or public display not permitted without written permission from Apple.






GIZMODO

Survey finds battery life is most important for

IPhone owners Battery Life Is the Only Spec That Matters

Luke Dormehl (4:10 am PDT, Ma 3th 2014 m 359 W Tweet 101 E 50
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J.D. POWER: CONSUMERS MOST DISSATISFIED WITH
SMARTPHONE BATTERY LIFE

By Jeff Saginor — Ma




Activity Monitor (Applications in last 8 hours)

T v CPU  Memory Disk  Network

App Name Energy Impact Avg Energy Impactv  App Nap Requires High Perf...  Preventing Sleep User
iTunes 9.9 2.40 No No Yes John

Activity Monitor 4.0 2.24 No No No John

Yy Spotlight 0.0 1.86 - - . John

Photo Booth 0.0 0.64 No No John

} App Store 0.0 0.54 No No John

Numbers 0.0 0.54 No No John

7 iPhoto 0.2 0.34 No John
Mail 0.0 0.23 No No John

P Messages 0.0 0.21 No No John
€2 Safari 0.0 0.19 No No John
. Maps 0.0 0.18 No No John

¥ Contacts 0.0 0.16 No No John
J Disk Utility ).14 John

w. FaceTime 0.0 0.13 No No John
7\ Calendar 0.0 0.12 No No John
% iCloud Photos 0.0 0.12 - - John
) 1Books 0.0 0.11 No No John

ENERGY IMPACT Graphics Card: High Perf. BATTERY (Last 12 hours)

Remaining charge: 13%

Time remaining: 0:38
Time on battery: 0:15




o000 T 9:41 AM 100% (.

< Settings Battery

Last 24 Hours Last 7 Days :—

Safari

Facebook

Phone

Mail
Background Activity

Maps

Location

Pandora
Audio

Messages

Photos
AirPlay

App Store

Weather
Background Activity

Calendar

Shows proportion of battery used by each app
when IPhone was not charging.




eeeee T 9:41 AM I eecee = 9:41 AM 100% .

£ Settings Battery Tl < Settings Battery

Last 24 Hours Last 7 Days : Last 24 Hours Last 7 Days E

Safari | @ Safar 21%

52 min on screen — 1 min background

Facebook ﬁ Facebook 17%

38 min on screen — 3 min background

Phone 14%

Phone .
20 min on screen

Mail 4 Mail 13%

Background Activity 31 min on screen — 12 min background

Maps =) Maps 1%

Location 12 min on screen

Pandora Pandora 9%
Audio 2 min on screen — 51 min background

Messages 6%

Messages 18 min on screen — 1 min background

Photos Photos 4%

AirPlay 10 min on screen

App Store 29

5 min on screen — 1 min background

App Store

Weather " Weather 2%

Background Activity 3 min on screen — 5 min background

Calendar 1%

Calendar ;
2 min on screen

nows proportion of battery used by each app attery used by each app
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“nergy Fundamentals and Best Practices

—nergy Debugging Workflow and Tools

Demo: Fixing Energy Issues on 105
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cnergy 101

cnergy = power * time

Power

Time
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cnergy = power * time
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cnergy 101

Minimizing overhead cost
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Reducing Energy Use

What it comes down to...

Do it never/do it less

Do it at a better time

Do it efficiently



-nergy

Debugging Workflow and Tools



Fnergy Debugging WorkFlow




Fnergy Debugging WorkFlow

Write Code and Build




Fnergy Debugging WorkFlow

Issue Found

Write Code and Build General Debugger




Fnergy Debugging WorkFlow

Write Code and Build General Debugger Focused Debugger




Energy Debugging WorkFlow

Write Code and Build General Debugger Focused Debugger Customers
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Fnergy Debugging WorkFlow

Write Code and Build General Debugger Focused Debugger Customers




Cnerqgy

Debugqging Priorities on OS X

Priorities on OS X are CPU and GPU

Sleep

Idle

1% CPU Use
10% CPU Use
100% CPU Use

igh fixed cost: let giant compute units rest! (sleep)

[

10x Power of Sleep

10% Higher Power of Idle

_ 2x Power of Idle
_'- 100x Power of Idle

Power Consumption



cnergy Gauges on OS5 X

= [ | '% DefaultCocoaApp ) Ed My Mac Running Calendar

Energy Report
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cnergy Gauges on OS5 X

\ DefaultCocoaApp ) E My Mac Running Calendar
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Energy
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cnergy Gauges on OS5 X
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cnergy Gauges on OS5 X

\ DefaultCocoaApp ) E My Mac Running Calendar
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cnergy Gauges on OS5 X
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cnergy Gauges on OS5 X

\ DefaultCocoaApp ) E My Mac Running Calendar
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cnergy Gauges on 05 X

> W /A DefaultCocoaApp ) B My Mac

—

B = Q A © = o @ |B| < > |cEnergyReport

v () Calendar PID 410 Q@ Energy

[l AP ns

Energy Impact

THHEIIY

Napping 2 Utilization 2 CPU Wake Overhead

arcning work.

High CPU Utilization . Time Profile
Periods of high CPU utilization will rapidly drain a laptop's battery. This indicates CPU utilization of greater than 20%.

2| b | & calendar



cnergy Gauges on OS5 X
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cnergy Gauges on OS5 X
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Reducing Energy on OS X

Do it never/do it less

- Coalesce timers => let CPU idle
- Minimize CPU wakes

Do it at a better time

+ Scheduling with NSBackgroundActivityScheduler

Do it efficiently

+ Set appropriate QoS work priorities



Energy Debugging Priorities in iOS
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Energy Debugging Priorities in iOS

CPU  Location

Networking Background



Location £nergy

Power

Time



Energy Efficient Location
Concepts to remembper

Do it never/do it less
+ Continuous location only it absolutely needed

- Stop location when you're done with it



Fnergy Efficient Location
Concepts to remember

Do it never/do it less
+ Continuous location only it absolutely needed

- Stop location when you're done with it

Do it efficiently
+ What accuracy is actually required for app?
- Which location APl to use?

- Deferred location updates, significant location change, region monitoring

- iBeacons, AutoPause, significant locations visited



Fnergy Efficient Networking

Concepts to remembper

Do it never/do it less

+ Cut down transfers: caching, compression, media quality, etc.



Fnergy Efficient Networking

Concepts to remembper

Do it never/do it less
+ Cut down transfers: caching, compression, media quality, etc.
Do it at a better time

- Consider tolerance: when is it needed, is it discretionary, etc.



Fnergy Efficient Networking

Concepts to remembper

Do it never/do it less
+ Cut down transfers: caching, compression, media quality, etc.
Do it at a better time

- Consider tolerance: when is it needed, is it discretionary, etc.

Do it more efficiently

- Coalesce transfers



Networking Application .

Requirements

+ Sync data to server




Networking Application .

Requirements

+ Sync data to server
Simple solution

+ Sync data as it comes
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Networking Application .

+ Sync data as it comes

Energy efficient solution ( | W ( | )

+ Buffer data before syncing

Requirements

+ Sync data to server

Simple solution




Networking Application .

+ Sync data as it comes

Energy efficient solution ( | W ( | )

+ Buffer data before syncing

Requirements

+ Sync data to server

Simple solution




Energy Efficient Background Activity

Concepts to remembper

Do it never/do it less
- Do not run in backgrouna

- (Call Background Task Completion Handler as soon as work is completed



Fnerqy Efficient Background Activity '

Concepts to remember

Do it never/do it less
- Do not run in backgrouna

- (Call Background Task Completion Handler as soon as work is completed

Do it efficiently

- Call energy-efficient background APIs
- Ex:- application:performFetchWithCompletionHandler:



Fnergy Debugging WorkFlow

Write Code and Build General Debugger Focused Debugger Customers
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Fnergy Debugging WorkFlow

Write Code and Build General Debugger Focused Debugger Customers




cnergy Diagnostics
Settings > Developer > Logging

(T Y By 9:41 AM 100% ()

{ Developer Instruments

UNTETHERED RECORDING

Energy

Networking

Signposts

Start Recording

Starting a new recording will erase the
previously recorded data.




cnergy Diagnostics
Settings > Developer > Logging

(T Y By 9:41 AM 100% ()

{ Developer Instruments

UNTETHERED RECORDING

Energy

Networking

Signposts

Start Recording

Starting a new recording will erase the
previously recorded data.




cnergy Diagnostics
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cnergy Diagnostics
Settings > Developer > Logging
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cnergy Diagnostics
Settings > Developer > Logging

(T Y By 9:41 AM 100% ()

{ Developer Instruments

UNTETHERED RECORDING

Stop Recording

Starting a new recording will erase the
previously recorded data.




cnergy Diagnostics

@ Instruments J[CW Edit View Instrument Window Help Mon 6:41 PM trasomi Q =

New &EN Instruments2

® Il 1§iro gpen-é 30 Run 0 of 0 00:00:00 + =jiE
pen Recent | 2

Import Data...
@ Energy Usage

Close
CPU Activity Save

Save As...
Save As Template...

@ Network Activity Record Trace

Loop

Record Options...
& Display Brightnes

@ Sleep/Wake
€) Bluetooth
@ Wi-Fi

© GPS

@ Details EH Energy Consumption

F \ Time ~ Energy Usage Level

'| eesee T 9:41 AM 100% .
% Qe
T —— 1 6 >

‘ Messages Calendar Photos Camera I

. Reminders ' Stocks Game Center

App Store iBooks
Settings




cnergy Diagnostics

Instruments

i B Abhinav's iPhone (9.0) ) All Processes 00:00:00

pofmo I B BF . PROdRo B e

Energy Usage Level

Sleep/Wake State

Bluetooth State

Wi-Fi State

GPS State

@ Details EH Energy Consumption

Time ~ Energy Usage Level
00:00 - 00:00 9/20
00:00 - 00:00.567 8/20
00:00.567 - 00:01.567 16/20
00:01.567 - 00:02.567 14/20
00:02.567 - 00:03.567 18/20
00:03.567 - 00:04.567 19/20
00:04.567 - 00:05.567 19/20
00:05.567 - 00:06.567 19/20
00:06.567 - 00:07.567 18/20
00:07.567 - 00:08.567 19/20
00:08.567 - 00:09.567 18/20
00:09.567 - 00:10.567 18/20
00:10.567 - 00:11.567 18/20
00:11.567 - 00:12.567 16/20
00:12.567 - 00:13.567 156/20
00:13.567 - 00:14.567 16/20




Fnergy Debugging WorkFlow

Write Code and Build General Debugger Focused Debugger Customers
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B il /N EnergyBuddy ) ll iPhone (9.0) Running EnergyBuddy on iPhone A 2
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v  EnergyBuddy Pl... @ (D Energy
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| .
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© Nework | zaro 1 'y Nig | /0
. Energy Impact Energy Impact Overhead

Energy Impact

CPU
Network

Location

Background

B Cost B Overhead

Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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B i /N EnergyBuddy ) ll iPhone (9.0) Running EnergyBuddy on iPhone A2
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Energy Impact

CPU
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Location

Background

B Cost B Overhead

Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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Energy Impact

CPU
Network

Location

Background

B Cost B Overhead

Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile
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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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Energy Impact

CPU
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B Cost B Overhead

Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that 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

Network activity occurring in response to your app. Networking brings up radios, which require power for prolonged periods. Batch network activity
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Energy Impact

CPU
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B Cost B Overhead

Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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Energy Impact

CPU
Network

Location

Background

B Cost B Overhead

Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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Energy Impact

CPU
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B Cost B Overhead

Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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B Cost B Overhead

Legend
Cost represents energy use resulting from the work your app performs. Overhead represents energy use as a result of bringing up radios and other system resources required to
perform that work.

High CPU Utilization Time Profile

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.

Network 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 Location
Location activity performed by your app. More precise and frequent locating uses more energy. Request location and increase precision only when truly
necessary.
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Energy Buddy: Demo App

Fnergy inefficient code
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Location
Fnergy inefficient code

func locationManager(manager: CLLocationManager, .. ) o
let location = locations[locations.count-1] as! CLLocation
if let confirmViewController? = self.confirmViewController {
confirmViewController.handleLocation(location)



Location
Energy optimized code

func locationManager(manager: CLLocationManager, .. ) o
let location = locations[locations.count-1] as! CLLocation
if let confirmViewController? = self.confirmViewController {
confirmViewController.handleLocation(location)

}

self.locationManager.stopUpdatinglLocation()
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Networking .

Fnergy inefficient code

app.dataManager.storeEnergyData(location: location, values: values)

var weather = getWeather()
app.dataManager.storeWeatherData(weather)



Networking .

Energy optimized code

app.dataManager.storeEnergyData(location: location, values: values)

if(!recentlyCalled()) {
var weather = getWeather()
app.dataManager.storeWeatherData(weather)




Networking .

Energy optimized code

app.dataManager.storeEnergyData(location: location, values: values)

if(!'recentlyCalled()) {
var weather = getWeather()
app.dataManager.storeWeatherData(weather)
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Backgrounad

Fnergy inefficient code

func applicationDidEnterBackground(application: UIApplication) A
self.archiveToDataManager()
self.waitForInput()



Backgrounad

Energy optimized code

func applicationDidEnterBackground(application: UIApplication) A

self.archiveToDataManager()

//self.waitForInput()

UIApplication.sharedApplication().endBackgroundTask(
self.backgroundTaskIdentifier)
self.backgroundTaskIdentifier = UIBackgroundTaskInvalid
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Fnergy Buddy: Demo App

Statistics before/atter fixing energy issues

. Energy Inefficient Code Energy Optimized Code
Living on app

+ 50% energy reduction

9:41 AM 100% . ' 2 9:41 AM 100% -

£ Settings Battery [l < Settings Battery

- Battery Ul shows app is lower in list

- — EnergyBuddy o : ) Podcasts

L Background Location A Audio

m Podcasts
Audio

% Photos

%% Photos % i Home & Lock Screen

Home & Lock Screen 0 1 EnergyBuddy

Settings
— Calculator
% Phone
Tips
& & 7] .
Videos
) News

o)
. 4 Messages 6 . | Messages

Shows proportion of battery used by each app




Summary
Your turn

Battery life impacts user experience
Design your apps with the following in mind

Do it never/less

Do it more efficiently
Do it at a better time

Be a considerate background app



Summary

ry out new energy debugging tools
+ Check out energy documentation

+ Bring your apps to power lab



More Information

Documentation and Videos
I0S Energy Guide
https://developer.apple.com/go/?id=ios-energy-ethiciency-quide

OS X Energy Guide
https://developerapple.com/library/mac/documentation/Performance/Conceptual/
power_efficiency_guidelines_osx/

Writing Energy Efficient Code, Parts 1 and 2 (2014)
http://developer.apple.com/videos


http://developer.apple.com/videos

More Information

Technical Support
Apple Developer Forums

http://developer.apple.com/forums

Developer Technical Support
nttp://developerapple.com/support/technical

General Inguiries

Paul Danbold, Core OS Evangelist
danbold@apple.com



mailto:danbold@apple.com

Related Laps

Power and Performance Lab
Networking Lab

Core Location Lab

Power and Performance Lab

Networking Lab

Frameworks Lab B Wednesday 1:30PM
Frameworks Lab E  Thursday 10:00AM
Frameworks Lab A Thursday 2:30PM
Frameworks Lab C  Friday 12:00PM

Frameworks Lab B Friday 1:30PM



Related Sessions

Achieving All-Day Battery Life
Networking with NSURLSession
What's New in Core Location

Advanced NSOperations

Building Responsive and Efficient Apps with GCD

Performance on iOS and watchOS

Nob Hill

Pacific Heights

Pacific Heights

Presidio

Nob Hill

Presidio

Wednesday 9:00AM
Thursday 9:00AM
Thursday 1:30PM

Friday 9:00AM
Friday 10:00AM

Friday 11:00AM
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