
DƻƻŘ ƳƻǊƴƛƴƎΤ aȅ ƴŀƳŜ ƛǎ [ŀǊǎ .ƛǎƘƻǇΣ ŀƴŘ LΩƳ ŀ ŘŜǾŜƭƻǇŜǊ technologies engineer 
ƻƴ ǘƘŜ ¢ŜƎǊŀ ǘŜŀƳ ŀǘ b±L5L!Φ  LΩǾŜ ōŜŜƴ ŀǘ b±L5L! Ƨǳǎǘ ŀōƻǳǘ ǘŜƴ ȅŜŀǊǎΣ ŀƴŘ LΩǾŜ ǎǇŜƴǘ 
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.  Joining me on-ǎǘŀƎŜ ǘƻŘŀȅ ƛǎ YǊƛǎǇȅ ¦ŎŎŜƭƭƻΤ ƘŜΩǎ ŀ 5ŜǾŜƭƻǇŜǊ !ŘǾƻŎŀǘŜ ŀǘ 
DƻƻƎƭŜ ǿƘƻ ŦƻŎǳǎŜǎ ƻƴ DŀƳƛƴƎΦ  !ƴŘ ǘƻŘŀȅΣ ǿŜΩŘ ƭƛƪŜ ǘƻ ǎǇŜƴŘ ǘƘƛǎ ǎŜǎǎƛƻƴ ŎƻǾŜǊƛƴƎ ŀ 
mixture of specific engineering recommendations for Android and Android TV game 
development, based on our experiences supporting commercial game developers. 



 A great 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 Android. But our experience has also shown us 
some heartbreakers ς great games that *could* have been 5-star experiences on 
Android, but got hammered with 1-star reviews for things that could have been 
avoided.  ¢ƘŜȅΩǊŜ ǘƘŜ ƴƻǘ-so-little things that snatch defeat from the jaws of victory. 
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¢Ƙƛǎ ƛǎƴΩǘ ŀōƻǳǘ ƳŀƧƻǊ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ǿŀȅ ȅƻǳ ŘŜǾŜƭƻǇ ȅƻǳǊ ƎŀƳŜǎΦ  This is about things you 
can add to your already-working development pipeline that are specific to SHIELD, to Android 
TV, and Android.  {ƻΣ ǘƘŜ ƻŦŦƛŎƛŀƭ ƴŀƳŜ ƻŦ ǘƘŜ ǎŜǎǎƛƻƴ ƛǎ ΨōǳƛƭŘƛƴƎ р-star games for SHIELD and 
!ƴŘǊƻƛŘ ¢±ΩΦ  ¢ƻ ōŜ ƘƻƴŜǎǘΣ ǘƘƛǎ ǿŀǎƴΩǘ ǘƘŜ ƴŀƳŜ ǘƘŀǘ ǿŜ ǘƘŜ ŜƴƎƛƴŜŜǊǎ ǿŀƴǘŜŘΦ  We wanted 
ǘƻ Ŏŀƭƭ ƛǘ ΨTechniques for Avoiding Negative Reviews on NVIDIA SHIELD and Android TVΩΦ  But 
ƳŀǊƪŜǘƛƴƎ ǎŀƛŘ ǿŜ ŎƻǳƭŘƴΩǘ ƘŀǾŜ ŀ ƴŜƎŀǘƛǾŜ-sounding title.  Now, we have some pretty 
ƛƳǇƻǊǘŀƴǘ ǊŜŀǎƻƴǎ ŦƻǊ ǿŀƴǘƛƴƎ ǘƻ Ŏŀƭƭ ƛǘ Ψ!ǾƻƛŘƛƴƎ ƴŜƎŀǘƛǾŜ ǊŜǾƛŜǿǎΩ ς ǿŜΩǾŜ ǿƻǊƪŜŘ ǿƛǘƘ 
enough game developers to know that ǿŜ ŎŀƴΩǘ make a game be a 5-star game.  ¢ƘŀǘΩǎ ǳǇ ǘƻ 
the developers, the designers and the market.  It would be foolish and frankly arrogant to 
think we could do otherwise.  5-star games come from developers like those represented 
here at the conference. 

  



So what are some of these biggest, top-level items that we see that causing issues?  
²ŜƭƭΣ ƎŀƳŜǎ ƴƻǘ ŜǾŜƴ ŀǇǇŜŀǊƛƴƎ ƛƴ ǘƘŜ ƳŀǊƪŜǘ ŦƻǊ ŀ ǳǎŜǊΩǎ ŘŜǾƛŎŜΤ ƎŜǘǘƛƴƎ ŦƛƭǘŜǊŜŘ ƻǳǘ 
ƛǎ ŀ ǎƻǊǘ ƻŦ άǎƛƭŜƴǘ ƪƛƭƭŜǊέ ŦƻǊ ǎŀƭŜǎΦ 

DŀƳŜǎ ŎǊŀǎƘƛƴƎ ƻƴ ŀ ǳǎŜǊǎΩ ŘŜǾƛŎŜǎ ƛǎ ǘƘŜ άbh¢ ǎƻ ǎƛƭŜƴǘ ƪƛƭƭŜǊέΦ  tƻƻǊ ƘŀƴŘƭƛƴƎ ƻŦ 
suspend and resume and app switching is a common complaint.  ¦ƴǎŀǘƛǎŦȅƛƴƎΣ άƻƭŘέ 
visuals on new Android systems can lead to vocal user disappointment.  Lack of 
Android feature integration is a sign of ŀ άƎŜƴŜǊƛŎέ ƻǊ άǘǳǊƴ ǘƘŜ ŎǊŀƴƪέ ǇƻǊǘ and it 
definitely turns gamers off.  Finally, clunky or partial controller UI is a major issue for 
Android TV and console-style gaming on all devices.  ²ŜΩƭƭ ŘƛǎŎǳǎǎ ǘƘŜǎŜ ŀƴŘ ŀ ŦŜǿ 
more.  
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So why does NVIDIA engage game developers on overall Android gaming and TV 
experiences?  Well, the answer is, of course, SHIELD.  From the original SHIELD 
portable, a purpose-built Android gaming handheld, to the gaming-focused SHIELD 
tablet and its bundled SHIELD controller, all the way to the just-announced SHIELD, 
the Android TV-based living room gaming experience, NVIDIA has been focusing on 
Android gaming for several years. 

 

Looking at these platforms, I think you can see why we care about android 
ŎƻƳǇŀǘƛōƛƭƛǘȅ ŀƴŘ ŦŜŀǘǳǊŜǎ ǎǳǇǇƻǊǘΦ  ²ŜΩǾŜ ŎǊŜŀǘŜŘ ŀ ƘŀƴŘƘŜƭŘΣ ŀ ǘŀōƭŜǘΣ ŀƴŘ ŀƴ 
!ƴŘǊƻƛŘ ¢± ŜƴǘŜǊǘŀƛƴƳŜƴǘ ǎȅǎǘŜƳΣ ŀƭƭ ǇƻǿŜǊŜŘ ōȅ b±L5L!Ωǎ ¢ŜƎǊŀ ǇǊƻŎŜǎǎƻǊǎΦ  !ƴŘ ŀƭƭ 
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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¢ƘǊƻǳƎƘƻǳǘ ǘƘŜ ǘŀƭƪΣ ǿŜΩƭƭ ǳǎŜ ǎƻƳŜ ŜȄŀƳǇƭŜǎ from an Android title that we think 
really did things the right way.  OddworldΥ {ǘǊŀƴƎŜǊΩǎ ²ǊŀǘƘΦ  ¢ƘŜ ƎŀƳŜ ƭƛƪŜƭȅ ƴŜŜŘǎ 
ƴƻ ƛƴǘǊƻŘǳŎǘƛƻƴΤ ƛǘΩǎ ŀ ƎǊŜŀǘ ŜǇƛǎƻŘŜ ƻŦ ŀ ǾŜǊȅ ǇƻǇǳƭŀǊ ŦǊŀƴŎƘƛǎŜΦ  ¢ƘŜ ǎǘǳŘƛƻ ǘƘŀǘ ŘƛŘ 
the Android version is Square One Games in West Vancouver, run by Stephane Jacoby 
and Roger FreddiΦ  Lƴ Ŧǳƭƭ ŘƛǎŎƭƻǎǳǊŜΣ LΩǾŜ ǎǳǇǇƻǊǘŜŘ {ǉǳŀǊŜ hƴŜ ŀƴŘ {ǘŜǇƘŀƴŜ ƻƴ 
ǎŜǾŜǊŀƭ ǘƛǘƭŜǎΣ ŀƴŘ LΩƳ ŀ ōƛƎ ŦŀƴΤ ǘƘŜȅΩǊŜ ŀ Ƨƻȅ ǘƻ ǎǳǇǇƻǊǘΦ  ¢ƘŜȅ Řƻ ǘƘŜƛǊ ǘƛǘƭŜǎ ǿŜƭƭΦ  
Oddworld had game controller support, Google Play integration and Android TV 
support all at launch.  And, as you may have guessed, the well-reviewed game on 
slide two was *OddworldϝΦ  ¢ƘŜȅ ǊŜŀƭƭȅ Ƙƛǘ ŀƭƭ ƻŦ ǘƘŜ ƛǘŜƳǎ ǿŜΩƭƭ ŘƛǎŎǳǎǎ ǘƻŘŀȅΦ 

 



²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ōǊŜŀƪ Řƻǿƴ ǘƘŜ ƛǎǎǳŜǎ not just by category, but by stage of the 
common game development pipeline.  Often, we end up engaging game developers 
who already in alpha testing.  And that late in the process, we find that some of our 
recommendations are much harder to integrate than they would have been early in 
the development cycle. 



Here are 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 like in-app payment can be added 
much more easily if you architect to include them.  Android TV and HDMI out affect 
not only gameplay but UI 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. 



Be ǎǳǊŜ ȅƻǳ ǎŜǘ ǘƘŜ ƎǊŀǇƘƛŎǎ άōŀǊέ ƘƛƎƘ ŜƴƻǳƎƘ ŀǘ ǘƘŜ ƘƛƎƘ ŜƴŘΦ  Gamers buy SHIELD 
platforms for gaming, and they know what their systems are capable of doing.  So 
triple-A mobile content needs to take advantage of that.  As an example, see the 
screenshot here ς ǘƘƛǎ ƛǎ ¦ 9 п ǊǳƴƴƛƴƎ ƻƴ b±L5L!Ωǎ {IL9[5 ǘŀōƭŜǘΣ ǳǎƛƴƎ DƻƻƎƭŜΩǎ 
OpenGL ES 3.1 Android Extension Pack. 

 

 



DƻƻƎƭŜΩǎ D [ 9 { !ƴŘǊƻƛŘ 9ȄǘŜƴǎƛƻƴ tŀŎƪΣ ƻǊ ! 9 t ŀŘŘǎ ŀ ǿƘƻƭŜ ƎǊƻǳǇ ƻŦ ŘŜǎƪǘƻǇ ƻǊ 
console-level 3D features, including:  Tessellation and Geometry shaders for tunable 
geometry amplification.  ASTC adds a cross-platform texture compression format with 
alpha support and variable bitrates. Atomic variables are supported in shaders for 
advanced compute shaders.  Per-sample shading and shader variables are available 
for complex AA.  And independent blending modes per render target are supported 
for effects like deferred rendering. 

 

 



The ƎǊŜŀǘ ǘƘƛƴƎ ŀōƻǳǘ ! 9 t ƛǎ ǘƘŀǘ ƛǘΩǎ ŀ ǎƛƴƎƭŜ ŜȄǘŜƴǎƛƻƴ ǿƛǘƘ ŀƭƭ ƻŦ ǘƘŜǎŜ ŦŜŀǘǳǊŜǎΦ  {ƻ 
ƛǘ ŘŜŦƛƴŜǎ ŀ ǎƻǊǘ ƻŦ άhǇŜƴ D[ ŦŜŀǘǳǊŜ ƭŜǾŜƭέ ǘƘŀǘ ŀ ŘŜǾŜƭƻǇŜǊ Ŏŀƴ ǘŀǊƎŜǘΣ ǊŀǘƘŜǊ ǘƘŀƴ 
having to plan for some combinatorial explosion of missing or supported extensions.  
And to make it even easier to use on Android, you can filter on it in the Google Play 
Store ōȅ ŀŘŘƛƴƎ ŀ ŦŜŀǘǳǊŜ ǘŀƎ ǘƻ ȅƻǳǊ ŀǇǇΩǎ ƳŀƴƛŦŜǎǘΦ  !ŘŘ ǘƘƛǎΣ and you know that any 
ǇƭŀǘŦƻǊƳ ǿƘŜǊŜ ȅƻǳΩƭƭ ōŜ ƛƴǎǘŀƭƭŜŘ ǿƛƭƭ ƘŀǾŜ ŀƭƭ ƻŦ ǘƘŜǎŜ ŦŜŀǘǳǊŜǎ! 

 

For a ton more details on the possibilities unlocked by A E P, there is a session by 
b±L5L!Ωǎ ƻǿƴ aŀǘƘƛŀǎ {ŎƘƻǘǘ ŀǘ о t a ǘƻŘŀȅΣ ƛƴ ǘƘƛǎ ǊƻƻƳΦ  



And a quick demo of a few A E P features running on the new NVIDIA SHIELD. 



{ƻ ƳǳŎƘ ŦƻǊ ǘƘŜ ƘƛƎƘ ōŀǊΧ !ǎ ŜŀǊƭȅ ŀǎ ȅƻǳ ŎŀƴΣ figure out your best optional and 
tunable features and expose these in user settings.  As we know, gamers like the 
option to adjust these things.  However, to ensure the best chance of having the 
ƎŀƳŜ άƧǳǎǘ ǿƻǊƪέ ƻǳǘ ƻŦ ǘƘŜ ōƻȄΣ ƛŦ ǇƻǎǎƛōƭŜ ȅƻǳǊ ŀǇǇ ǎƘƻǳƭŘ ŜƛǘƘŜǊ Řƻ ǎƻƳŜ ŦƻǊƳ ƻŦ 
micro-benchmark on the first launch or else use some form of device detection and 
pre-set the options for optimal frame rate.  Oddworld does this, and it works pretty 
well out of the box.  Some good scalable items are particles, shadows, and image-
based post-ǇǊƻŎŜǎǎƛƴƎ ǇŀǎǎŜǎΦ  LŦ ȅƻǳΩǊŜ ǳǎƛƴƎ ŀ ŎƻƳƳŜǊŎƛŀƭ ŜƴƎƛƴŜΣ ǘƘƛǎ ƛǎ ƭƛƪŜƭȅ 
available AND scriptable.  See the options for U E 4 and Unity listed here. 

 



In terms of resolution, all of your rendering should be scalable.  This is important not 
ƻƴƭȅ ōŜŎŀǳǎŜ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ƘŀƴŘƭŜ ŀ ƭŀǊƎŜ ǊŀƴƎŜ ƻŦ ǎŎǊŜŜƴ ǊŜǎƻƭǳǘƛƻƴǎΣ but also 
ōŜŎŀǳǎŜ ƛǘ Ƴŀȅ ōŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ǊŜƴŘŜǊ ōŜƭƻǿ ǘƘŜ ŘŜǾƛŎŜΩǎ ƴŀǘƛǾŜ ǊŜǎƻƭǳǘƛƻƴ ǘƻ Ƙƛǘ 
your desired frame rate.  Most high-end games already do a post-ǇǊƻŎŜǎǎ άǊŜǎƻƭǾŜέ  
pass for their post-processing filters.  In this common architecture, the 3D scene is 
rendered to an offscreen buffer, and then a final 2D rendering pass is done for effects 
like motion blur and depth-of-field. This already decouples the main rendering 
resolution (the offscreen buffer) from the screen resolution, that makes it easy to let 
the user adjust the pre-resolve resolution.  Smart default options are particularly 
important for this.  The major rendering engines make this easy, too ς see the 
references.  The engines can also scale the 3D rendering while doing the UI at full res 
for quality. 

 

Also, screen variance is a *design* concern!  Android gaming device screens go from 
less than five inches diagonal to more than sixty inches for Android TV.  So pay 
attention to physical screen size information and consider a different UI or at least UI 
assets for different systems. 

 



One question I often get from folks starting out in Android game development is 
άƘƻǿ Řƻ L ŀǾƻƛŘ ǿǊƛǘƛƴƎ ŀƴȅ WŀǾŀΚέΦ  5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŘŜǾŜƭƻǇŜǊΣ ǘƘƛǎ Ƴŀȅ ōŜ ƻǳǘ ƻŦ 
performance concerns, a desire to avoid complicating their development, or in rare 
cases, just fear, uncertainty and doubt.  I tend to try to redirect this question ς what I 
ǘƘƛƴƪ ǿŜ ϝǎƘƻǳƭŘϝ ōŜ ǘƘƛƴƪƛƴƎ ƻŦ ƛǎ άƘƻǿ Řƻ ǿŜ ŎǊŜŀǘŜ ǘƘŜ ōŜǎǘ !ƴŘǊƻƛŘ ƎŀƳƛƴƎ 
ŜȄǇŜǊƛŜƴŎŜ ǿƘƛƭŜ ƪŜŜǇƛƴƎ ǘƘŜ ŀǇǇ ŀǎ ǎƛƳǇƭŜΣ ǎƳŀƭƭ ŀƴŘ ǎǘŀōƭŜ ŀǎ ǇƻǎǎƛōƭŜέΦ  ¢ƘŜ ŦŀŎǘ ƛǎ 
that numerous, important Android integration features like externa;l displays, In App 
Payment and advertisements are Java-only.  So some Java is going to be required; the 
key is to make the *integration* of Java and C++ as clean and tight as possible.  Used 
well, explicit Java code  plus a LITTLE J N I (or Java Native Integration) C code can help 
make a great Android game. 

 



The most common way that Android apps stay native is to use NativeActivity.  
Actually, what most apps use is a combo of NativeActivity and 
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 thing that many developers do not 
realize is that unlike NativeActivity, which is implemented in the OS itself, 
NativeAppGlue ƛǎ ƴƻǘ ǇƭŀǘŦƻǊƳ ŎƻŘŜΦ  LǘΩǎ Ŧǳƭƭȅ open, app-level support code.  LǘΩǎ 
*designed* to be branched into the app and extended.  So, you *should* make your 
ƻǿƴ ŎƻǇȅ ƻŦ ƛǘΤ ƭŜŀǊƴ ƛǘΣ ŀƴŘ ŜȄǘŜƴŘ ƛǘ ŦƻǊ ǿƘŀǘ ȅƻǳ ƴŜŜŘΦ  ²ŜΩǾŜ ŘƻƴŜ ǘƘƛǎ with our 
samples for things like rendering at the refresh rate. 

 

In addition, while NativeActivity itself is a part of the OS, a developer should 
*subclass* the NativeActivity object 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. 

 



By basing your app off of a NativeActivity subclass and your own copy of the C 
AndroidNativeAppGlue ŎƻŘŜΣ ȅƻǳΩǊŜ ǊŜŀŘȅ ŦƻǊ ŀƴȅǘƘƛƴƎΦ 

 

Down the road, you can add things like J N I messaging for in-app purchases, or 
passing just the data you need from native to Java for cloud saves.  You can even 
directly leverage Android UI dialog boxes and pre-built Google UI for things like 
Google Play sign-in.  All with isolated Java code, very little J N I code and extremely 
few changes to your native code. 

 

Oddworld used this subclassing method with great success.  And as we mentioned, 
b±L5L!Ωǎ ƻǿƴ GameWorks OpenGL Samples include examples of a minimal 
subclassing of NativeActivity 



If your game started as a touch-ƻƴƭȅ ƳƻōƛƭŜ ƻǊ t/ ƎŀƳŜΣ ȅƻǳΩƭƭ ƭƛƪŜƭȅ need to add 
some schedule time for creating a ŎƻƴǘǊƻƭƭŜǊ ¦LΦ  ϝ5ƻƴΩǘϝ ǘǊȅ to get away with 
controller-driven mouse pointer ς you should code for the best platform experience. 

 

Also, plan extra time to test the *full* game experience on controller only.  We still 
see pre-release games with partial controller support, especially deep in the settings 
menus.  ANY required touch interaction is a showstopper on Android TV.  If possible, 
test on the common controllers; SHIELD controller, Android TV gamepad and Android 
TV remote if you can support it 

 

 



Another key in the planning phase is to plan the build, debugging, and profiling of 
your application.  To make this easier, NVIDIA ships the Tegra Android Development 
tŀŎƪΦ  LǘΩǎ ŘŜǎƛƎƴŜŘ ǘƻ ōŜ ŀ ƻƴŜ-ǎǘƻǇ ƛƴǎǘŀƭƭŜǊ ŦƻǊ !ƴŘǊƻƛŘ ōǳƛƭŘ ǘƻƻƭǎΣ b±L5L!Ωǎ 
advanced CPU / GPU debugging and profiling tools, and Android-related sample code.  
Key among these tools is N-ǎƛƎƘǘ ¢ŜƎǊŀ ±ƛǎǳŀƭ {ǘǳŘƛƻ 9ŘƛǘƛƻƴΦ  LǘΩǎ ŀ ŦǊŜŜ aƛŎǊƻǎƻŦǘ 
Visual Studio plugin that adds full Android development and debugging within 
aƛŎǊƻǎƻŦǘΩǎ L 5 9Φ  ¸ƻǳ Ŏŀƴ ŜǾŜƴ ƛƴŎƭǳŘŜ ²ƛƴŘƻǿǎ ŀƴŘ !ƴŘǊƻƛŘ ōǳƛƭŘǎ ƛƴ ǘƘŜ ǎŀƳŜ 
project. 

 

In addition, we have a session TODAY at five thirty, in this room.  Daniel Horowitz 
from our developer tools team will present a session with E A Firemonkeys and Tick 
Tock games on using NVIDIA tools for Android development. 

 



There are a lot of resources available to you: NVIDIA has created GameWorks, with 
tools, samples, documentation, and whitepapers for Android game development.  
The GameWorks OpenGL Samples specifically show a wide range of OpenGL and G L 
E S features, including A E P.  The samples run from a single-source base on Android, 
Linux and Windows.  And they support SHIELD and Android TV TODAY 

 

While many developers use the Google Android Developer Site for reference docs, 
the guides to development and publishing on the site are great, too.  As are the 
Google Android developer blogs with articles from Krispy and others covering 
common development questions in detail. 

 



CƛƴŀƭƭȅΣ Ǉƭŀƴ ƻƴ ǿƻǊƪƛƴƎ ǿƛǘƘ ǇŀǊǘƴŜǊǎ ŦƻǊ ǎǳŎŎŜǎǎΧ ²Ŝ ŀǘ b±L5L! Ŏŀƴ ƘŜƭǇ ŀƳǇƭƛŦȅ 
your team.  Square One Games have worked with NVIDIA on several titles.  NVIDIA 
DevTech have 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 with Sqaure One on pre-release devices helped 
us understand where there were issues in our own drivers.  So it has helped improve 
the SHIELD as well. 

 



bŜȄǘΣ ƭŜǘΩǎ ŎƻǾŜǊ ǎƻƳŜ ƛǘŜƳǎ ǘƘŀǘ ŘƻƴΩǘ ǘŜƴŘ ǘƻ ōŜ ŀƴ ƛǎǎǳŜ ǳƴǘƛƭ ŘŜǾŜƭƻǇƳŜƴǘ ƛǘǎŜƭŦΦ 

 



Android Lollipop added great new features to Android, and most importantly, it 
ŀŘŘŜŘ ǎǳǇǇƻǊǘ ŦƻǊ !ƴŘǊƻƛŘ ¢±Φ  IƻǿŜǾŜǊΣ ƛǘΩǎ ŀƭǎƻ ōŜŜƴ ǘƘŜ ŦƛǊǎǘ !ƴŘǊƻƛŘ ǳǇŘŀǘŜ ƛƴ 
years that required fixes to a lot of existing applications.  For reasons of security and 
performance, Android L is stricter than previous versions.  We worked with lots of 
developers to help them with this transition, and we learned a bunch doing it.  We 
found that almost all of these issues fell into one of a few cases.  ¢ƘŜȅΩǊŜ summarized 
ƛƴ ǘƘŜ ƭƛƴƪŜŘ ōƭƻƎΣ ōǳǘ ǿŜΩƭƭ ŘŜǘŀƛƭ ŀ ŦŜǿ ƻŦ ǘƘŜƳ ƘŜǊŜΦ 

 



ART is the new Java runtime in Android, and over half of the crashes in existing 
applications were related to ART being tighter to spec.  Specifically, JNI checks are 
tighter in ART than they were in DalvikΦ  {ƻ ŀǇǇǎ ǘƘŀǘ Ǝƻǘ ŀǿŀȅ ǿƛǘƘ άWbL ǿŀǊƴƛƴƎǎέ 
before would throw an exception on Android L.  Also, ART shares its thread stacks 
between native and Java.  So apps that used to create native threads with explicit 
stack sizes suddenly found these stacks were no longer deep enough on L. 

 

One of our recommendations to assist with these JNI exceptions are to *avoid* doing 
complex operations in JNI itself.  Instead, write the code in Java (in your NativeActivity 
subclass) and make a single JNI call up to that code.  In general, prefer making one JNI 
call up to Java over dozens of JNI calls to do the same 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 can take 50 lines of C++-based JNI.  So while you often COULD 
avoid most explicit Java code by writing a TON of J-N-I C++ code, this is not the best 
option. 



IŜǊŜΩǎ a quick 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. 



Another security change in Android L affected more advanced application that used 
services for things like content download or License-checking.  In L, services in your 
app that launch another system via an intent must specify the package that will 
handle the Intent.  Previously, many apps left out the package and relied on the 
ǎȅǎǘŜƳΩǎ package manager to implicitly resolve it to an app for them.  You have to 
name the receiving app explicitly now for security.  For audio, NuPlayer is the new 
Android audio playback system.  It tends to be stricter and throws errors in more 
cases than AwesomePlayer did.  To test if NuPlayer is related to an issue in your app, 
you can revert to AwesomePlayer via the developer options control panel as shown 
here.  Calls to clock()  may now return non-linear results, as apps were relying on 
non-spec behavior.  So just use the replacement shown here for timing instead.  And 
ŦƻǊ ϝŀƭƭϝ ƻŦ ǘƘŜǎŜ !ƴŘǊƻƛŘ [ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΣ ŘƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ŎƻƴǎƛŘŜǊ ƛǎǎǳŜǎ ǿƛǘƘ L 
in your 3rd-party code.  This is especially pivotal to consider early in the process if the 
library is closed-source and you cannot control your own destiny.  



Application Lifecycle.  Looking back on my old GDC slides, I used to have to present 20 
minutes of my hour-long Android sessions on it.  But thankfully, developers are doing 
a much better job handling suspend, resume, and app switching.  But there are still 
two common, major issues in a lot of Android games 

 

The first is playing Audio or aǳǎƛŎ ƻƴ ǘƘŜ ǳǎŜǊΩǎ ƭƻŎƪ ǎŎǊŜŜƴΦ  {ƻ ǘƘŜ ǳǎŜǊ ƛǎ ǇƭŀȅƛƴƎ ŀ 
game, and then suspends their device for a meeting.  During the meeting, they 
resume their device to look at the time on the lockscreenΣ ŀƴŘ άōƻƻƳέ ƻǳǘ ŎƻƳŜǎ 
ƭƻǳŘ ƎŀƳŜ ƳǳǎƛŎΦ  LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƪƛƭƭ ȅƻǳǊ ŀǇǇΩǎ ŀǳŘƛƻΣ especially music when you 
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 issue is background 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 
ǎǇƛƴƴƛƴƎ ǿƘŜƴ ǘƘŜ ŘŜǾƛŎŜ ƛǎ ǎǳǎǇŜƴŘŜŘ ƻǊ ȅƻǳ ŀǊŜƴΩǘ ŦƻŎǳǎŜŘΦ 

 



Button handling can be a little confusing; we still see apps that have problems here.  
With all input callbacks or events, you want to ǊŜǘǳǊƴ άǘǊǳŜέ όƻǊ ƘŀƴŘƭŜŘύ ŦƻǊ ōǳǘǘƻƴǎ 
you recognize and process.  Failing to do so can result in your app getting *another* 
callback for the same button press - a so-ŎŀƭƭŜŘ άŦŀƭƭōŀŎƪέΦ  !ǎ ŀ ǎǇŜŎƛŦƛŎ example, on 
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 returns άŦŀƭǎŜέ ŦǊƻƳ ǘƘŜ B event. Well, then 
the sȅǎǘŜƳ ŀǎǎǳƳŜǎ ȅƻǳ ŘƛŘ ƴƻǘ ƪƴƻǿ ŀōƻǳǘ ǘƘŜ . ōǳǘǘƻƴ ŀƴŘ άŦŀƭƭǎ ōŀŎƪέΤ ƛǘ sends a 
separate BACK BUTTON callback.  And your app likely steps back a second menu level, 
leaving the user confused.  LŦ ȅƻǳ ƘŀŘ ǊŜǘǳǊƴŜŘ άǘǊǳŜέ ǿƘŜƴ ȅƻǳ ƘŀƴŘƭŜŘ ǘƘŜ . ōǳǘǘƻƴ 
ŜǾŜƴǘΣ ȅƻǳΩŘ ƘŀǾŜ ƴŜǾŜǊ ƎƻǘǘŜƴ ǘƘŜ ǎŜŎƻƴŘ .!/Y ŜǾŜƴǘΣ ŀƴŘ ŀƭƭ ǿƻǳƭŘ ōŜ ŦƛƴŜΦ 

 

Also, you should always explicitly handle the BACK button to avoid confusion.  If you 
ŘƻƴΩǘ ŜȄǇƭƛŎƛǘƭȅ ƘŀƴŘƭŜ ǘƘŜ ōŀŎƪ ōǳǘǘƻƴΣ ǘƘŜƴ !b¸ ǇǊŜǎǎ ƻŦ ǘƘŜ ōŀŎƪ ōǳǘǘƻƴ ǿƛƭƭ ŜȄƛǘ 
your app instantly. 

 



Now, wƘƛƭŜ ǊŜǘǳǊƴƛƴƎ άŦŀƭǎŜέ ŦƻǊ ŜǾŜǊȅ ŜǾŜƴǘ ƛǎ ŀ ǇǊƻōƭŜƳΣ ǊŜǘǳǊƴƛƴƎ άǘǊǳŜέ ŦƻǊ ŜǾŜǊȅ 
ŜǾŜƴǘ Ŏŀƴ ōŜ ŀƴ ŜǾŜƴ ōƛƎƎŜǊ ǇǊƻōƭŜƳΦ  ²Ŝ ŦƛƴŘ ǘƘŀǘ ǎƻƳŜ ŀǇǇǎ ŘŜŎƛŘŜ ǘƻ άŦƛȄέ ǘƘŜ 
άŘƻǳōƭŜŘ ŜǾŜƴǘǎέ ƛǎǎǳŜ ǿƛǘƘ ŀ ōƭŀƴƪŜǘ άǘǊǳŜέΣ ƛƳǇƭƛŎƛǘƭȅ ǎŀȅƛƴƎ ǘƘŜȅ ƘŀƴŘƭŜ ŀƭƭ ŜǾŜƴǘǎΦ 
The problem here is that in some cases you may be eating events that you *should* 
have let fall back to the system.  hƴƭȅ ǊŜǘǳǊƴ άǘǊǳŜέ ŦƻǊ ōǳǘǘƻƴǎ ȅƻǳ ŀŎǘǳŀƭƭȅ ƘŀƴŘƭŜΦ  
With very few exceptions, input events go to the app FIRST.  You handle them and the 
system does not get them.  As an example, one common problem stemming from 
ǊŜǘǳǊƴƛƴƎ άǘǊǳŜέ ƻƴ ŀƭƭ ōǳǘǘƻƴǎ is that you can break the behavior of the volume 
rocker while your app is active, because the system never gets a chance to see those 
ǾƻƭǳƳŜ ŜǾŜƴǘǎΦ  !ƭǎƻΣ ȅƻǳ Ƴŀȅ ōŜ ŜŀǘƛƴƎ ōǳǘǘƻƴǎ ȅƻǳΩǾŜ ƴŜǾŜǊ ŜǾŜƴ ƘŜŀǊŘ ƻŦΣ ƻǊ ŘƛŘƴΩǘ 
even exist when you shipped your app.  That makes your app fragile over time.  Eat 
only the events you handle. 

 

 



Game touch controls can be problematic and can interact with Android UI elements. 
If possible, use immersive fullscreen mode in Android to hide the Navigation Bar.  For 
ŜȄŀƳǇƭŜΣ ǘƘŜ ŎƻƳƳƻƴ άŘǳŀƭ ǘƻǳŎƘέ ŦƛǊǎǘ ǇŜǊǎƻƴ ǎƘƻƻǘŜǊ ŎƻƴǘǊƻƭǎ ŀǘ ǘƘŜ ōƻǘǘƻƳ 
corners of the screen can be a problem.  We recommend avoiding touch-points 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, accelerometer-based controls are controversial.  Some people hate them, and 
they can feel uneven on some devices.  Always make orientation-based controls a 
user option even if gyro hardware is available.  Oddworld has an aim-with-gyro mode 
ƻƴ ǘƻǳŎƘ ŘŜǾƛŎŜǎΤ ŀƴŘ ƛǘ Ŏŀƴ ōŜ ǘǳǊƴŜŘ ƻŦŦ ƛƴ ǘƘŜ ǎŜǘǘƛƴƎǎ ōȅ ǘƘƻǎŜ ǿƘƻ ŘƻƴΩǘ ƭƛƪŜ ǘƘŜ 
experience. 

 

 



Keep in mind the set 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 non-core gamers. 

 

You may want to consider supporting controller hot-ǇƭǳƎƎƛƴƎΣ ŜǾŜƴ ƛŦ ȅƻǳΩǊŜ ƴƻǘ ŀ 
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 Android TV remote, 
and then picked up their game controller.  The game controller could come up post-
ƭŀǳƴŎƘ ŀǎ ŀ ƴŜǿ ŘŜǾƛŎŜΣ ŀƴŘ ȅƻǳ ŎƻǳƭŘ Ƴƛǎǎ ƛǘ ƛŦ ȅƻǳ ŀǊŜƴΩǘ ǿŀǘŎƘƛƴƎ ŦƻǊ Ƙƻǘ-plug.  
Also, you may want to handle hot-unplug of a controller, say in case of battery dying, 
ŀǘ ƭŜŀǎǘ ōȅ ǇŀǳǎƛƴƎ ǘƘŜ ƎŀƳŜΧ  

 



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, 
ǘǊƛƎƎŜǊǎΣ ŀƴŘ άƳŜƴǳέ ōǳǘǘƻƴΦ  Lǘ ŜǾŜƴ Ƙŀǎ ŀ ƘŜŀŘǎŜǘ ǇƭǳƎ ŦƻǊ ǘǿƻ-way audio.  The 
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. 

 



So this covers the items 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? 

 



WƘŜƴ ǘŀǊƎŜǘƛƴƎ ōƻǘƘ !ƴŘǊƻƛŘ ¢± ŀƴŘ ƘŀƴŘƘŜƭŘ ŘŜǾƛŎŜǎΣ ƛǘ ƛǎƴΩǘ ŀƭǿŀȅǎ ŎƭŜŀǊ ǘƘŀǘ ǘƘŜ 
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. 

 

 



¢ƘŜ !ƴŘǊƻƛŘ aŀƴƛŦŜǎǘ ŦƛƭŜ ƛǎ ǘƘŜ DƻƻƎƭŜ tƭŀȅ {ǘƻǊŜΩǎ Ƴŀƛƴ ƛƴǘŜǊŦŀŎŜ ǘƻ ȅƻǳǊ ƎŀƳŜΦ  Lǘ 
exports a ton of information about your game to Google Play.  Get it wrong, and 
ȅƻǳΩƭƭΥ bƻǘ ŜǾŜƴ ǎƘƻǿ ǳǇ ƻƴ ŀ ŎƻƳǇŀǘƛōƭŜ ŘŜǾƛŎŜΩǎ tƭŀȅ {ǘƻǊŜ and lose potential sales.  
hǊΣ ȅƻǳΩƭƭ ǎƘƻǿ ǳǇ as available on an incompatible device and end up with angry users 
when the app crashes on their device 

 

The key components of the manifest include the minimum supported OS via the SDK 
version, the required and requested features (and what those imply), the requested 
permissions and the Android TV-required resources. 

 

One note for users of middleware game engines: Using an engine does *not* let you 
ignore this manifest.  You should kƴƻǿ ǿƘŀǘ ȅƻǳǊ ŜƴƎƛƴŜΩǎ ƎŜƴŜǊŀǘŜŘ ƳŀƴƛŦŜǎǘ ƭƻƻƪǎ 
like!  And you should know how to override that generated manifest.  For example, 
wŜΩǾŜ ŦƻǳƴŘ ǘƘŀǘ ǎƻƳŜ ŜƴƎƛƴŜǎ ŘŜŎƭŀǊŜ ŀƭƭ ŀǇǇǎ ŀǎ !ƴŘǊƻƛŘ ¢± ǊŜŀŘȅ ǿƛǘƘƻǳǘ ǊŜƎŀǊŘ 
to the app. 

 



In order to be visible on the Android TV Play store, there are a few things you need to 
do above and beyond general Play Store items.  Your app needs to target android SDK 
level 21 or newer.  Note that this does NOT mean Android L is the min spec for your 
app in general ς it can be much lower.  You need to pǊŜǇŀǊŜ ŦƻǊ ǘƘŜ άLeanback 
[ŀǳƴŎƘŜǊέ ǎƻ ȅƻǳ ŀǇǇŜŀǊ ƻƴ ǘƘŜ Android TV home screen.  You do this by designating 
the Activity that should be launched for Android TV.  And you need a Banner image to 
represent your app in the Launcher.  Furthermore, you need to ensure all Activities 
can run in landscape orientation.  Touchscreen support must be declared as optional, 
not required.  If you need a full gamepad, declare a gamepad as required.  And ŘƻƴΩǘ 
require camera, GPS or other non-Android TV hardware features.  And once again, 
ŘƻƴΩǘ ŦƻǊƎŜǘ ŀƴȅ ¦L ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘƛǊŘ-party code you depend upon, like ad-ware 
middleware. 

 

 



In terms of maximizing the number of devices you can support, ŘƻƴΩǘ ǊŜǉǳŜǎǘ ŀƴȅ 
feature with required  equals true  unless you absolutely need it to run!  And for 
each permission you request, know if any hardware features are implied by that 
permission.  The link below lists these. 

 

To better understand what your manifest implies, you can test for your required 
features (both explicit and implicit) with the A A P T tool in the Android SDK. 

 

bƻǘŜ ǘƘŀǘ ǘƘŜ DƻƻƎƭŜ tƭŀȅ {ǘƻǊŜΩǎ ǇǳōƭƛǎƘƛƴƎ ŘŀǎƘōƻŀǊŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀŘǾƛǎŜǎ ȅƻǳ ƻƴ 
Android TV compatibility 

 



Users do *not* like seeing long lists of permission requests when installing apps.   



{ǇŜŀƪƛƴƎ ƻŦ ŜŀǊƴƛƴƎ ȅƻǳǊ ǳǎŜǊǎΩ ǘǊǳǎǘΣ ǘƘŜǊŜΩǎ ƛƳǇƻǊǘŀƴǘ ǿƻǊƪ ǘƻ Řƻ ŀŦǘŜǊ ȅƻǳǊ ƎŀƳŜ ƛǎ 
shipped.  Lars? 

 

CƛƴŀƭƭȅΣ ƭŜǘΩǎ ŘƛǎŎǳǎǎ ŀ ƭƛǘǘƭŜ ŀōƻǳǘ ǿƘŀǘ Ŏŀƴ ƘŜƭǇ ȅƻǳǊ game succeed after you release 
ƛǘ ǳǇƻƴ ŀ ƎǊŀǘŜŦǳƭ ǿƻǊƭŘΧ 



[ŜǘΩǎ ŦŀŎŜ ƛǘ ς people look at 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 1-star reviews.  They want to know if these are real problems, or just people 
looking to complain about *something*.  So, those 1-star reviews are the ones that 
ȅƻǳΩƭƭ ŜƴŘ ǳǇ ǎǇŜƴŘƛƴƎ ǘƛƳŜ ǿƛǘƘΦ  ¢ƘŜ tƭŀȅ {ǘƻǊŜ ŀƭƭƻǿǎ ŘŜǾŜƭƻǇŜǊǎ ǘƻ ǊŜǎǇƻƴŘ ǘƻ 
reviews, and replying with real, substantive answers shows you want to make your 
ƎŀƳŜ ŜȄǇŜǊƛŜƴŎŜ ōŜǘǘŜǊΦ  ά{ǳōǎǘŀƴǘƛǾŜέ ƛǎ ǘƘŜ ƪŜȅ ƘŜǊŜΦ  ¢Ǌȅ ǘƻ ǘǊŀŎƪ Řƻǿƴ ŀƴŘ ŦƛȄ ǘƘŜ 
ƛǎǎǳŜ ƛŦ ƛǘΩǎ ŀ ǊŜŀƭ ōǳƎΣ ŀƴŘ ōŜ ǎǳǊŜ ǘƻ ŎƻƳƳŜƴǘ ƛƴ ǘƘŜ ǊŜǾƛŜǿǎ ǘƘŀǘ ȅƻǳ ōŜƭƛŜǾŜ ȅƻǳΩǾŜ 
fixed the issue in a given version.  Look at these Oddworld reviews.  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 and root-causing 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. 

 

9ǾŜƴ ƛŦ ǘƘŜ ƛǎǎǳŜ ŎŀƴΩǘ ōŜ ŦƛȄŜŘ ŜȄŀŎǘƭȅ ǘƘŜ ǿŀȅ ǘƘŜ ǳǎŜǊ ǿŀƴǘǎΣ {ǉǳŀǊŜ ƻƴŜ ǘŜƴŘǎ ǘƻ 
respond with the background behind the issue.  This gives potential buyers more  



confidence. 



If you are available on a ton of devices, many, even most of your users will be on 
devices you do not have and have never seen.  So it is important to make it easier to 
get useful debugging info from your customers remotely.  This way, you can avoid 
relying on *their* vague description of the problem and get real data. 

 

 


