<ANVIDIA. SHIELD
Making Five-Star Games

for NVIDIA SHIELD
and Android TV
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my entire time there supporting mobile developers on a number of platforms. For

the past few years, my focus has been Android, from drivers to OS core, to the app

level. Joiningmeod G 3S G2RI& Aa YNRALER | OOStft2T F
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mixture of specific engineering recommendations for Android and Android TV game
development, based on our experiences supporting commercial game developers.
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The Potential

Agreat game has every chance to be a great gaming experience on Android, getting
positive reviews and big sales. Android is a really powerful, diverse gaming platform.
This is the potential for any game on Andrdsdit our experience has also shown us
some heartbreakerg great games that¢ould* have been Estar experiences on
Android, but got hammered with-&tar reviews for things that could have been
avoided. ¢ K S & Q NXBsolittl& thingy tAai snatch defeat from the jaws of victory.
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<ANVIDIA. SHIELD
Techniques for Avoiding Negative

Reviews on NVIDIA SHIELD
and Android TV
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can add to your alreadworking development pipeline that are specific to SHIELD, to Android
TV,andAndrQid{ 25 UKS Z2Z3TFTAQALIf VYI Yﬁhr@rﬁesﬁmrfﬁﬂlELﬁ)ﬁmja AZ2Y
!,YRNBM:IQ o+ NdK 2y Sad > GKAa gl ayQi O RewsaterS (KT
u2 O'Ifedihﬁlqu% for ' Avoiding Negative Reviews on NVIDIA SHIELD and AnQriit TV
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enough game developers to know thatS  OrhafeCalpame be agtar game.¢ K 1 Q& dzLJ
the developers, the designers and the markgtwould be foolish and franklgrrogant to
think we could do otherwiseb-star games come from developers like those represented
here at the conference.
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Top Culprits

The source of our agenda

The most common causes of 1-star reviews or lost sales:

. Game filtered from Play Store

. Game crashes

. Android lifecycle problems

. “One size fits none” graphics

. Poor Android integration (“generic” port)
. Clunky or partial controller Ul

So what are some of these biggest, 4epel items that we see that causing issues?
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Android TV and consclgtyle gaming on all device3. S Q f €

more.
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suspend and resumand app switching is a common complaihty & G A& Fe& Ay 33
visuals on new Android systems can lead to vocal user disappointrhaok of
Android feature integratioms asignof a3 SyY SNA O¢ 2 NJ andiitdzNy (0 K S
definitely turns gamers off. Finaltiunky or partial controller Ul is a major issue for
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NVIDIA SHIELD Family

One gaming platform, multiple devices

SHIELD e

https://developer.nvidia.com/shield

So why doedlVIDIA engage game developers on overall Android gaming and TV
experiences? Well, the answer is, of course, SHIELD. From the original SHIELD
portable, a purposéuilt Android gaming handheld, to the gamifacused SHIELD
tablet and its bundled SHIELD controller, all the way to thegasbunced SHIELD,

the Android T%ased living room gaming experience, NVIDIA has been focusing on
Android gaming for several years.

Looking at these platforms, | think you can see why we care about android
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of them focused on a great gaming experience.

However, because of the wide range of form factors here, our recommendations in
this talk will apply to games on a wide range of Android and Android TV devices,
SHIELD or not.
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Running Example: Oddworld

A great example of an Android value-added port done well

Oddworld: Stranger’s Wrath
Critically acclaimed 2005 Action/Adventure title

Android developed/supported by Square One Games
http://www.s1games.com/

Android TV, tablet and phone support on day 1
Runs well on four generations of Tegra!
And a wide range of other devices

¢ KNRdza3K2dzi GKS G f | fomarbARdrdd tithzéh& weitlink S SEL Y
really did things the right wayOddworldy { 4§ N} Yy 3SNXR& 2 N} § Ko ¢ K¢
y2 AYUNRBRAzOGA2YT A0Qa | INBFG SLIA&A2RS 27
the Android version is Square One Games in West Vancouver, run by Stephane Jacoby
and RogeFreddip Ly Fdzf RAAOf2adzNB>X LQOS &dzLJLJ2
ASOSNYt GAGESaszZ FyR LQY | 60A3 FlLyT GKS&Q
Oddworldhad game controller support, Google Play integration and Android TV

support all at launch. And, as you may have guessed, theevadiwed game on

slide two was ©ddworleF @ ¢tKSe& NBFffte KAG Fff 2F (GKS

NVIDIA.



Planning/Preproduction

2 SQONB 3F2Ay 3T G2 ondthust by ckepyarybutibiKsagelofithe dzS a
common game development pipelin€©ften, we end up engaging game developers
who already in alpha testingAnd that latein the processwe find that some of our
recommendations are much harder to integrate than they would have been early in
the development cycle.
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Plan for Success

Graphics Scalability
Early is easy; later is hard...
Android Features
Less risky/invasive to plan and architect from the start

Android TV and HDMI-out matter
And affects Ul/assets
Controllers
Controllers can’t be an afterthought
Especially for games that are not console ports

Hereare the four biggest items that we see getting pushed late in the production
pipeline that can really benefit from earlier planning on Android. Android devices in
the market have a wide range of graphical horsepower; graphics scalability should be
planned out from the start; it can be a big pain to have to tune the game at the end
without enough knobs at hand. Android features likeapp payment can be added
much more easily if you architect to include them. Android TV and HDMI out affect
not only gameplay but Ul assets. And controller support needs to be considered
early, especially if the game is entirely new or the original game did not support
consoles. So, now the details.
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Next-Gen Platforms and Visuals

Gamers buy SHIELD because of the gaming capabilities
AAA content must use high-end graphics features

Bea dzZNB @2dz 4Si GKS 3IANIF LKA OA&Gamers BWESHERMEI K Sy
platforms for gaming, and they know what their systems are capable of d&ag.
triple-Amobile content needs to take advantage of that. As an exansplethe
screenshotherg 1 KA & Aada | 9 n NHzyyAy3 22 Di+SFEL ! Q3
OpenGL ES 3.1 Android Extension Pack.
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Android Extension Pack (AEP)

One extension; many features

GLES 3.1 AEP adds great 3D features under one roof:
https://www.khronos.org/registry/gles/extensions/ANDROID/ANDROID_extension_pack_es31a.txt
https://developer.nvidia.com/astc-texture-compression-for-game-assets

Tessellation and Geometry shaders

ASTC texture compression

Shader atomics

Per-sample shading and variables — gemimm= =4
Per-render target blending modes

a A
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consolelevel 3D featuresincluding: Tessellation and Geometshaderdor tunable

geometry amplification ASTC addsa@aossplatform texture compression format with

alpha support and variable bitrates. Atomic variables are supportesaderdor

advanced computshaders Persample shading anshadervariables are available

for complex AA. And independent blending modes per render target are supported

for effectslike deferred rendering.
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Using the Android Extension Pack

Batched set of next-gen extensions
Defines an OpenGL ES “profile” to target
Has a dedicated Play Store filter:
<uses-feature android:name=“android.hardware.opengles.aep” android:required="true" />

Session TODAY, in this room:
15:00-15:30
Cutting Edge Graphics for Android
Mathias Schott, DevTech Engineer
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having to plan for some combinatorial explosion of missing or supported extensions.

And to make it even easier to use on Andrgiol can filter on it in the Googllay

Storeo @ FRRAY3 | FSI Gdz2NBE G 3 andgou Bndvdihat anyl JLIQ &
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For a ton more detailen the possibilities unlocked by A E P, there is a session by 3
b+xL5L! Qa 24y allGKAF&a {OK2d4d +4dG o t a (2R
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Android Extension Pack Demo

And a quick demo of a fewEAP features running on the new NVIDIA SHIELD.
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(Auto) Scaling Rendering

Plan to auto-scale your 3D rendering
User options for high-end/expensive effects
Particles, shadows, post-effects are great for this
Pre-set per device
Most game engines make this easy
Unreal Engine 4’s Scalability Settings include post processing, etc:
https://docs.unrealengine.com/latest/INT/Engine/Performance/Scalability/ScalabilityReference/index.html
Unity3D’s scriptable quality settings:
http://docs.unity3d.com/Manual/class-QualitySettings.html

h
Higher resolution

T J

4

Bumped
Reflections Shadows

A
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tunable features and expose theseuser settings. As we know, gamkke the

option to adjust these things. However, to ensure the best chance of having the
AFYS a2dzald 62N)é 2dzi 2F (KS 02EX AF LRA
micro-benchmark on the first launch or else use some form of device detection and
pre-set the options for optimal frame rateOddworlddoes this, and it works pretty

well out of the box. Some good scalable items are particles, shadows, and image
based post N2 OS&aaAy3a LI aaSao LT &2dzQNB dza Ay 3
available AND scriptable. See the options for U E 4 and Unity listed here.

ax
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Screen Resolution/Size Variance

All rendering should be scalable
Use the game’s existing post-process “resolve” pass
Decouples scene rendering resolution
Make it user-selectable (with “smart” defaults)
Engines make scaling easy:

Unreal Engine 4 has “Resolution Scaling”
https://docs.unrealengine.com/latest/INT/Engine/Performance/Scalability/ScalabilityReference/index.html#resolutionscale

Unity has Screen.SetResolution
Pay attention to physical screen size information

In terms of resolution, all ofourrendering should be scalable. This is important not
2yte 0SOlFdzaS e2dzQff ySSR (G2 KhuyaRd S | f I N.
0S5S0IFdzaS A0 YIé 0S ySOSaalNE (2 NBYRSNI oS
your desired frame rateMost highend games already do apesiN2 OSa ad aNB a 2 f
pass fortheir post-processindilters. In this common architecture, the 3D scene is

rendered to aroffscreenbuffer, and then a final 2D rendering pass is done for effects

like motion blur and depttof-field. This already decouples the main rendering

resolution (theoffscreenbuffer) from the screen resolution, that makes it easy to let

the user adjust the preesolve resolution. Smart defawptions are particularly

important for this The major rendering engines make this et®y see the

references. The engines can also scale the 3D rendering while doing the Ul at full res

for quality.

Also, screen variance is a *design* concern! Android gaming destieens go from
less than five inches diagonal to more than sixty inches for Android TpaySo
attention to screen size information and consider a different Ul or at least Ul
assets for different systems.
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Java is not the Enemy

Important Android integration features are Java-only

External Displays
License Verification

Monetization
In-app payments (IAP)
Adverts

One question | often get from folks starting out in Android game development is

GK2¢g R2 L F@2AR gNAGAY3I ye W JFKED 5SLJ
performance concerns, a desire to avoid complicating their developnoeim, rare

cases, just fear, uncertainty and doubt. | tend to try to redirect this questiwhat |
GKAY]l 6S FakKz2dz RF 0S GKAYlAy3a 2F A& akK
SELISNASYOS gKAES 1SSLMAYy3I GKS LI & &aa
that numerous, important Android integration features liggterna;ldisplays, In App
Payment and advertisements are Jawdy. So some Java is going to be required; the
key is to make the *integration* of Java and C++ as clean and tight as posssiele.

well, explicit Java codelus a LITTLEN I (or Javdative Integration) C codsan help

make a great Android game.
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Using Java and C++
NativeActivity and NativeAppGlue are key

NativeActivity/AndroidNativeAppGlue the most common setup
Event-loop-based

Make your own copy; learn it, extend it

NativeAppGlue is not platform code ﬁ

C++ 2

NativeActivity can be subclassed in Java
The best of both worlds

The most common way that Android apps stay native is toNete/eActivity

Actually, what most apps use is a combd\ativeActivityand

AndroidNativeAppGlue Together, these interfaces allow an Android application to

run their main loop in C++, in their own thread and receive input and system

information via an event loop. One important thitigat many developers do not

realize is that unliké&ativeActivity which is implemented in the OS itself,

NativeAppGlud & y 2 G LI | 0 F 2p&N, applévll Supporicddél QG Q F dzf £ &
*designed* to be branched into the app and extended. So,*gtwuld* make your

26y O2Lk 2F AGT €tSIENY Al FyR @thoBYyR Al
samples for things like rendering at the refresh rate.

In addition, whileNativeActivityitself is a part of the OS,developershould

*subclass* theNativeActivityobject in Java for their game. Initially, this subclass can
be completely empty. This is the best of both worlds; you can add only the Java you
need, when you need it.
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Being Ready for Anything

You may not need it, but architect it from the start

NativeActivity subclass and specialized AndroidNativeAppGlue
Do it on day 1 and it is always at the ready
The best “framework”

Adding Java/Native messaging, Android Ul, services, etc. all a ton easier

Oddworld used this method to great success
See the NVIDIA GameWorks OpenGL Samples for examples of all of this

https://developer.nvidia.com/gameworks-opengl-samples

By basing your app off offativeActivitysubclass and your own copy of the C
AndroidNativeAppGlu®@2 RS> &2 dzQNBE NBIF R& FT2NJ [ yEUKA Y :

Down the road you caraddthings likeJ N | messaging for-app purchases, or
passing just the data you need from native to Java for cloud saves. You can even
directly leverage Android Ul dialog boxes and-pudt Google Ul for things like
Google Play sigm. All with isolated Java code, very little J N | code and extremely
few changes to your native code.

Oddworldused thissubclassingnethod with great success. And as we mentioned,
b+ L 5L ! GaneVorkgDpenGL Samples includeamples of a minimal
subclassingf NativeActivity
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Game Controller Ul

Plan for game controllers in all modes and Ul

Budget extra time if your game is touch-first

ANY required touch interaction is a showstopper on Android TV
Menus, settings, etc

Test on the common controllers
SHIELD controller
Android TV gamepad
Android TV remote (if you can support it)

If your game starteds atouck2 Yt @ Y20 A S 2 NJ neédtoAddY S> @& 2 dz
some scheduléime for creating a2 y G N2 f £ S NJ tb dedaway ith2 y Qi F (0 N.
controller-driven mouse pointeg you should code for the best platform experience.

Also,plan extra time to test the *full* gamexperienceon controller only. We sitill

see prerelease games with partial controller support, especially deepe settings
menus. ANY required touch interaction is a showstopper on Android TV. If possible,
test on the common controllerSHIELD controller, Android TV gamepad and Android
TV remote if you can support it
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Develop effectively; use good tools

Tegra Android Development Pack
One-stop installer for Android development
Includes GameWorks Samples '

Includes NVIDIA developer tools
Nsight Tegra Visual Studio Edition

SnvIDIA

Seamless Android development integration inside of MS Visual Studio
Free!

Session TODAY, in this room:
17:30-18:30
Android Dev-Diaries with EA Firemonkeys and Tick Tock Games
Daniel Horowitz, NVIDIA

Another key in the planning phase isglan the build, debugging, and profiling of

your application. To make this easier, NVIDIA ship3eéigea Android Development

t O] @ LOQa RJBGADYBWRAUWRE ©SNI F2NIS! yYRNRPAR
advanced CPUGPU debugging and profiling tools, and Andn@thted sample code.

Key amonghese tools ifN-A A 3 K& ¢S3ANI +AadzZ £ {ddzZRA2 9RA
Visual Studio plugin that adds full Android developmeemti debugging within
aAONRaz2FiQa L 5 9o ,2dz Oy S@Sy AyOfdzRS
project.

In addition, we have a session TODAWvatthirty, in this room.Daniel Horowitz
from our developer tools team will present a session withFHrémonkeysand Tick
Tock games on using NVIDIA tools for Android development.
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Resources

NVIDIA GameWorks

https://developer.nvidia.com/gameworks
Tools, samples, documentation, whitepapers

<AnvIDIA

GAMEWORKS

GameWorks OpenGL Samples
Support GLES 2.0 through GLES 3.1 AEP and even OpenGL 4.3
Single-source samples for Android, Linux and Windows
Supports SHIELD / Android TV TODAY

Google Android Developer Site

https://developer.android.com/
http://android-developers.blogspot.com/

There are a lot of resources available to you: NVIDIA has cr&€ateeWorkswith
tools, samples, documentation, and whitepapers for Android game development.
TheGameWork€OpenGL Samples specificahow a wide range of OpenGL and G L
E S features, including A E P. The samples run framgla-source base on Android,
Linux and WindowsAnd theysupport SHIELD and Android TWDAY

While many developeiusethe Google Android Developer Site for reference docs,
the guides to development and publishing thre siteare great, too. As are the
Google Android developer blogs with articfesm Krispy and others covering
common development questions in detalil.
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The Bard’s Tale, Choplifter HD and Oddworld: Stranger’s Wrath
has truly been second to none. They have been very generous
with their time, not only ensuring that our apps run smoothly

and take advantage NVIDIA Tegra-based devices when applicable,
but also ensuring that these are good Android citizens across all
device families.”

CAylLftftezr LIy 2y ¢2NJAy3 6A0GK LI NIYySNH
your team. Squar®neGames have worked with NVIDIA on several titN¥IDIA
DevTecthave provided testing and profiling feedback well in advance of release. For
example, NVIDIA QA tested their games on SHIELD before SHIELD was even
announced And in return, working witlsgaureOne on prerelease devices helped

us understand where there were issues in our own drivers. So it has helped improve
the SHIELD as well.
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Development
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Android 5.0 “Lollipop”

Common pitfalls

Pros: Lollipop adds great new features and Android TV
Challenges: Many existing applications had to be fixed
NVIDIA worked with scores of developers to help them with this transition

Almost all of these issues fell into one of a few cases
https://developer.nvidia.com/content/why-does-my-app-crash-android-50-lollipo

Android Lollipop added great new features to Andy@dd most importantly, it

I RRSR &dzLJLI2 NI F2NJ ! YRNRAR ¢+ | 26 SOSNE
years that required fixes to a lot ekisting applications. For reasooissecurity and
performance, Android L is stricter than previous versiong worked with lots of
developers to help them with this transition, and we learned a bunch doing it. We
found that dmost all of these issues fell into one of a few cases.
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ART Replaces Dalvik

ART is pickier than Dalvik

ART is the new Java runtime in Android 5.0
JNI checks are stricter on ART
Native stack size differences

Java vs JNI
Making one JNI call up to Java code replaces dozens of JNI calls
JNI code is fragile and can be slow
Use 5 Lines of Java instead of 50 of C++

ART is the new Java runtime in Andraidd over half of the crashes in existing
applications were related to ART being tighter to spec. Specifigidllghecks are
tighter in ART than they were Dalvikb {2 LA 4GKFG 324 ol 8
before would throw an exception on Android L. Also, ART slitarésead stacks
between native and Java. So apps that used to create native threads with explicit
stack sizes suddenly foutitese stacks were no longer deep enough on L.

Oneof our recommendations to assist with these JNI exceptions are to *avoid* doing
complex operations in JNI itself. Instead, write the code in Java (if\aiveActivity
subclass) and make a single JNI call up to that code. In gerefat,ipaking one JNI

call up to Java over dozens of JNI calls to ds#me work without explicit Java

Basically, JNI code is fragile and JNI calls can be slow. We find that what you could do
in five Lines of Java cteike 50 lines of C+based JNI. So while you oft€®@ULD

avoid most explicit Java code by writing a TONNH L++ code, this is not the best
option.
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JNI vs JNI+Java: Launch Browser

Pure C++ JNI C++ JNI ( to Java)

Ist b X Ay > ¥ ) jstring jniTe app v->NewStringUTF (url);

p ikt EXCEP

jclass thi adE p->appThreadThis);
EXCEPTIO

jmethodID launch = m ppThre ->GetMethodID(thisClass,

p->appThreadThis, launchURL, jniText);

Java

void launc

uri uri =
Intent la
startActivit

| S N&oRisk example of launching a web browser to a given URL from native code.
On the left it is done purely in native code calling JNI. 34 lines of C++ code. On the
right, we write most of it in 6 lines of explicit Java, and then call that Java with 9 lines
of native JNI code. And this is, obviously, a simple example. The difference between
all native JNI and just using a little native JNI to call explicit Java code can be
arbitrarily large. We prefer the simpler version on the right.
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Common Snags

Some changes to previous behaviors

Implicit Service Intents <service/>

E.g. LVL license-checking code

NuPlayer (Audio player) P
New, stricter AwesomePlayer replacement
Settings -> Developer Options -> Media -> Use NuPlayer (uncheck)

clock() changes
Use clock_gettime(CLOCK_MONOTONIC, &now) for timing

Don’t forget about 3"-party code!
Especially if it is closed-source

Another security change in Android L affected more advanced application that used
servicedor things like content download or Licenskecking. In Lservices in your

app that launch another system via an intent must specify the package that will
handle the Intent. Previouslgany apps left out the package and relied on the

& & & (fackaya manager to implicitly resolve it to an app for them. You have to
name the receiving apexplicitly now for securityFor audioNuPlayeis the new
Android audio playback system. It tends to be stricter and throws errors in more
cases tharAiwesomePlayedid. To test iNuPlayeiis related to an issue in your app,
you can revert tcAwesomePlayevia the developer options control panel as shown
here. Calls taclock() may now return noHdinearresults as apps were relying on
non-spec behavior. Sost use theaeplacement shown hertor timing instead. And
F2NIFlfftfFp 2F GKSAS ! YRNRBAR [ NBO2YLYSYRI G
in your 3%-party code. This is especially pivotal to consider early in the process if the
library is closegsourceand you cannot control your own destiny.
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Lifecycle

Housekeeping: Life-or-death edition

Android games have gotten much better about lifecycle
Still two common showstoppers

Audio/Music:
Watch for focus-loss and kill audio
AudioManager.OnAudioFocusChangelListener is handy
http://android-developers.blogspot.com/2013/08/respecting-audio-focus.html

Background CPU load
Don’t render or burn CPU when you are paused/not-focused

Application LifecycleLooking back on my old GDC slides, | used to have to present 20
minutes of my howtong Androidsessions on it. But thankfultyevelopers are doing

a much better job handling suspend, resume, and app switcHug.there are still

two common,major issuesn a lot of Android games

The firstis playing Audira dzA A O 2y GKS dzaSNXa f 201 &4ONSB
game, and then suspends their device for a meeting. Dtin@gneeting, they

resume their device to look at the tinen thelockscreed ' YR a0 22 Yé 2 dzi
f2dzZR 3L YS Ydza A Qad f L &QadzNEspedpEakiofbeRYER >

are not the focused window. The Android Audio Focus Change system is handy here.
And Krispy has an detailed blog posting on this at the location below.

The second remaining issuebsckground CPU load. When you are paused and even
when you are not focused, be sure to drop your CPU utilization to as near to zero as
possible.Look at for background threads in your app, and be sure to block them from
ALIAYYAYI gKSY (KS RSOAOS Aa &adzalLISYRSR 2N
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Handling Buttons

How to maximize compatibility

Return “true” from the callbacks for buttons you recognize and handle
“Fallbacks” differ on controllers

E.g. BUTTON_B falls back to BUTTON_BACK

Explicitly handle the BUTTON_BACK to avoid confusion

Button handling can be a little confusing; we still see apps that pes@ems here.

With all input callbacks or events, you wantN&S (1 dzNJ/ & (0 NHzS ¢ 02 NJ K| y
you recognize and procesgailing to do so can result in yoappgetting *another*

callback for the same button presaseOl f t SR & FI f { ceka@les oh La b
many systems with a game controller, an unhandled B button event will fall back to a

back button event.Say the user presses the B button. Maybe your app steps back

one menu level on B. Then, say your app retéris | f a S € BeVeNt2Well, thén S

the® A0SY | dadzySa &2dz RAR y2i 1Yy2géentlsa2dzi
separate BACK BUTT@MIback. And your apgikely steps back a second menu level,
leaving the user confused. ¥ € 2dz KIFIR NBUOdzZNYy SR ai NﬁzS e g K
SPSyiGs @2dz2QR KI @S yS@SN) 3240Sy (KS o2y
Also, you should always explicitly handle the BACK button to avoid confusion. If you
R2y Qi SELX AOAGftE& KIyRftS (4KS ol 01 odzitizyx
your app instantly.
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Not “Handling” Buttons

Don’t eat what you don’t recognize

Don’t blindly “eat” all buttons/keys
Don’t return “true” for buttons you ignore

Some games return “true” for all buttons/keys
Per-platform nightmares... @
Common problems:
Eating Volume +/-/mute; breaks system-level sound controls
Eating “TV” buttons
Who knows? Your app is automatically taking a forward-compatibility risk

Now,wK A £ § NB i dzNy A yEI0 Sy Fil £ A35S ¢ FLAND oS CBSYNEE NS i dzh
SgSyid OFry o6S |y S@Sy o6A33ISNI LINBoOf SY® 2 §
GR2dzof SR S@Syitaé¢ AaadzsS gA0GK | ofly(1Sad ai
The problem here is that in some cases you may be eating eventgatdshould*

have let fall back to the systenn y £ @ NXB G dzNy &G NHzS¢ F2 NJ 6 dzd i
With very few exceptionsnput events go to the app FIRST. You handle them and the
system does not get themAs an example, one common problem stemming from

NB (0 dzNy A y 3 & { Ndifsatyolcgh biedk the ldelaiiar & ghéivolume

rocker while your app is active, because the system never gets a chance to see those
@2t dzyS S@SydGao lfaz2sx &2dz YIed 0SS SlFaay3
even exist when you shipped your app. That makes your app fragile over time. Eat

only the events you handle.
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Touch and other Controls

Design touch controls carefully

Avoid touch-points right at the bottom of the screen
Especially swiping!

Use immersive fullscreen mode = I .
Accelerometer-based controls are controversial — —

Always make them a user option
Oddworld has aim-with-gyro in touch mode; can be turned off in settings

Gametouch controls can be problematic and can interact with Android Ul elements.

If possible, use immersiviallscreenmode in Android to hide the Navigation B&or
SEFYLX S GKS 02YY2y d&RdzZ t (2dz0Ké FANERIG
corners of the screen can be a problem. We recommearaiding touchpoints right

at the bottom of the screen. This is especially true if the touch points in question
involve swiping; swiping up from bottom could deploy the navigation bar and mess
up the game!

Also, accelerometebased controls are controversigdbdome people hate them, and
they can feel uneven on some devicédways make orientatiofvased controls a
user option even if gyro hardware is availabie.

NVIDIA.
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Game Controllers

Know the common controllers

Know and support the minimal gamepad for Android TV

Know and support the common set of SHIELD and 3"-party controls
SHIELD users expect a great experience with that fully-featured controller
Analog sticks, triggers, audio

Consider hot-plug support
Even if you are single-player
E.g. player was using Android TV remote, switched to game controller

Keep in mind theset of axes and buttons that are likely to be available, and design
your controller support accordingly. Not every game can support the Android TV
remote, but if your gameplay allows it, why not? If your game can be played
enjoyably with the remote, you open up your market to rRcore gamers.

Youmay want toconsider supporting controller hetJf dz33Ay 3> S@Sy AT @
multiplayer game. Users may have more than one controller, or at least more than

one input device. They may have launched your game from the Andro&hidte,

and then pickedip their game controller. Thgame controller could come up pest
flldzyOK a + ySé RSOAOSST |yR &2dplu@2dz R YA
Also, you may want to handle honplug of a controller, say in case of battery dying,

Fd t€SFad o0& LIhdzaay3d GKS 3k YSX
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SHIEL_D Cont[oller and Remote

Left Trigger Right Trigger

Left Bumper B — D ;H Right Bumper

NVIDIA Button
Start / Pause

Y Button
B Button

A Button
X Button

Right Stick

Here are some specific examples of controllers. On the left, the SHIELD controller,

with its full set of analog and DPAD controls, cross buttons, shoulder buttons,
OGNAIISNARZ YR aYSydz o6 dzi(2ywayaudo.iThés Sy K
standard Android TV gamepad is similar, but without a couple of the buttons, and the
two-way audio. Finally, an Android TV remote like the SHIELD remote has a DPAD
navigation, media controls and voice search.
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Packaging/Shipping

So this covers thi#gems through the development phase. So all that is left is to
package and ship. Krispy, what are the important items for developers to consider
when packaging and finalizing their game for Android, especially Android TV?

NVIDIA.



One SKU or Two?

Depends on your business model
One F2P, one premium? Two SKU
Premium on mobile and premium on Android TV? One SKU
F2P on both? One SKU

F2P on Android TV...

TV behaviors are different from mobile behaviors

Nobody wants to interrupt a movie to “tend to” their game
TV is a shared (living room) experience, mobile is personal
F2P that do not use “time as a resource” could work very well

WKSY GFNBSGAY3 062G4K ! YyYRNRAR ¢+ yR KIYyRK
same monetization SKU works for both. Free to play might work very well for

handheld platforms, but Android TV is more of a premium experience. So consider a

full, premium, paid version of the game for Android TV. This requires a different SKU

for the two platforms, but can be well worth it in terms of maximizing experience for

the user and value to you the developer.

NVIDIA.



Manifest Destiny

Make sure Play Store customers see your game

The app manifest determines who can see your app in the Play Store
The app manifest is your responsibility

Even if you’re using middleware

Know how to customize your manifest

What might be missing or wrong?
Minimum supported OS version
Required device features This app is incompatible with all
Requested permissions of your devices. =l
Android TV resources

http://developer.android.com/guide/topics/manifest/manifest-intro.html

¢KS ' YRNRAR alyA¥TSad FA{S Aa (GKS D223t S
exports a ton of informatiombout your game to Google Plaget it wrong, and

@2dzQft Y b20 S@OSYy aK2g¢g dzL) énglosk potertidsalesi A 6 f S
h NE & 2 dzQas &vailablke #rgan idroinpatible device and end up aithry users

when the app crashes on their device

The key components of the manifest include the minimum supported OS via the SDK
version, therequiredandrequested features (and what those imply), the requested
permissionsand theAndroid TWequired resources.

One note for users of middleware game engines: Using an engine does *not* let you
ignore this manifestYoushould¥2 ¢ ¢ KI 0 @2dzNJ SyaAySQa 3ISy.
like! And you should know how to override that generated manifest.ekample,

wSQ@S F2dzyR GKIFG &a2YS Sy3aiaySa RSOt I NB | ff
to the app.
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Android TV Items

How to be visible on Android TV’s Store

Target API-21 or newer (min can be lower)
“Leanback Launcher” support

Activity to launch on Android TV

Banner image for the Leanback Launcher

What does Android TV require?
TV Activities run in landscape
Explicitly declare touchscreen not required
Declare gamepad feature (only if gamepad needed - not for “simple remote”)
Don’t require non-TV features, e.g. camera, GPS, telephony, accelerometer
Know your middleware!
https://developer.nvidia.com/android-tv-developer-guide

In order to be visible on the Android TV Play store, there are a few thowgeeed to

do above and beyond general Play Store items. Your app ne¢algé android SDK
level 21 or newer. Note that this does NOT mean Andr@sdie min spec for your

app in generat it can be much lower. You need tdljs LJ- NB L&agbEdk 6 KS a
[ F dzy OKSNE a2 &\adodd FVhohds derlidn.2 Ypdo thikb$ designating

the Activity that should be launched for Android TV. And you r@zeBdnner image to
representyour appin the Launcher. Furthermorgou need to @sure all Activities

can run in landscape orientation. Touchscreen support must be declared as optional,
not required. If you need a full gamepatkclare a gamepad as required. AR@ y Q
require camera, GR& other nonAndroid TV hardware features. And once again,
R2y Qi FT2NBSG |y épartylcodayBudSpeid e likéathred K A NR
middleware.
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General Android Features

How to be visible to the most Devices

Don’t tag any feature as required=true unless you absolutely need it!

Know what features are implied by each permission
E.g. ACCESS_FINE_LOCATION implies android.hardware.location.gps
http://developer.android.com/guide/topics/manifest/uses-feature-element.html#permissions

Verify your APK’s required features with
aapt dump badging <unsigned_app.apk>

In terms of maximizinthe number of devices you can suppd®t2 Y Qi NBlj dzSa i |
feature withrequired equals true unless you absolutely need it to run! And for
eachpermission you requestnow if any hardware features are implied by that

permission. The link below lists these.

To better understand what your manifest implig®u cantest for your required
features (both explicit and implicit) with the AP T tool in theAndroid SDK

b20S GKIGO GKS D223tS tfre {Gd2NBQa Llzof A a
Android TV compatibility
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Earn Your Users’ Trust

Users read permission requests

Google’s “featured games” editors read them, too

Require only the permissions you need

Explain why you need each permission
Do it right in the Google Play app description!

(o2
Y
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Users do *not* like seeing long lists of permission requests when installing apps.
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Post-release

{LISF{AYy3 2F SFENYyAy3a @2dzNJ dzaSNERQ GNHzAGZ 0
shipped. Lars?

CAylLfftezr fSiQa RAA&aOdza adgane sicdeedipfteSyourdedsdzii ¢ K
AG dzLl2y F INF GSTFdzA 62NI RX
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Be Proactive

5-star reviews are great, 1-star reviews can kill you

Buyers look at score; then they read the 1-star reviews

Play Store allows developers to respond to reviews
Reply with substantive answers
Note release versions that fix a commented issue

Oddworld reviews and
replies: note the ratings
changed by good support!

[ S Qacpedpl®ISok &t Games in the Play Store not that differently from how

they look at buying anything online. They may see the average rating, but they really
read the Istar reviews. They want to know if these are real problems, or just people
looking to complain about *something*. So, thosatar reviews are the ones that

@2dzQf f SyYR dzLJ ALISYRAY3I GAYS G6AGKOD ¢tKS t
reviews, and replying with real, substantive answers shows you want to make your

3 YS SELISNASYyOS o6S0GSN® G{dzoadGlyarogsSe A
AdadzS AT A0Qa F NBFf 0dz3X FyR 0SS adaNB (2
fixed the issue in a given version. Look at theseworldreviews. These previously

low reviews got responses and were then edited by the reviewers based on great
support. On the left, note what happened. A user on a specific handset reported an
issue and gave a poor review. Rather than waiting for a groundswell, Square One

tends to hit these issues very early. Reproducing andcaasing can take time, so

triaging quickly is important. In this case, Square One found the issue and

immediately noted publicly that there was an issue and that they were working on it.
Then, when they fixed the issue and shipped the fix, they posted again and noted the
exact version with the fix. And boom; the user edits the review. Not only is the

review 5 stars now, the user notes it is because the developer is responsive.

9Sy AF¥ (KS ArAaadzS OFLyQild o6S FTAESR SEIOiGf e
respond with the background behind the issue. This gives potential buyers more
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confidence.
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If you are available on a ton of devices, mawenmost of your users will be on
devices you do not have and have never se$a.it is important to rake it easier to
get useful debugging info from your customers remotely. This yaygcan avoid
relying on *their* vague description of the problem and get real data.

NVIDIA.



