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Welcome!

2 amazing game companies
Each with efficient workflows for Android
Very different stories

Workflows evolved

Tales from the trenches

How they use NVIDIA tools and hardware to
Develop faster
Raise the performance bar
Increase visual fidelity
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SHIELD as a Dev Platform

Tegra X1 SOC
CPU: 8 core (4x 64bit ARM Cortex A57 & 4x A53)
GPU: 256 Maxwell cores
RAM: 3GB

But there’s more to the story...

Today’s phone and tablet
Small screen ...HDMI maybe?
No Ethernet while debugging
Battery woes

SHIELD: There’s a port for that!!!
Micro-USB for debugging plus...
Wall power!

Ethernet port!
2-port USB hub
Full sized HDMI

Battery woes?Somedevices can consume more power in heavy load than the 0.5
amp USB port can restore.

CKFOQa y20 Fy AadadzsS F2NI {1 L9[5
And with the USB hub, you can even keep the gamepad charging.

NVIDIA.



<A NVIDIA. SHIELD

Android Dev-Diaries:

Need for Speed: No Limits

Thisis a session about some of the cool tools NVIDIA has developed for android
developerg; specifically as it relates to our most recent title, Need for Speed: No
Limits
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Who are the Firemonkeys?

« Formed by a merger of IronMonkey and Firemint
* A division of EA

 Largest studio in Melbourne, Australia

» A world leader in mobile games

Some background:

- L Q Yechinical director at EAremonkeys in the central technology group

- Firemonkeyss an EA studio formed from two Australian independent mobile
games developers

- We specialize in triple A mobile games, some of which you may have heard of, such
as Need for Speed, Real Racing and the Bieeplay

NVIDIA.



In the beginning...

| joined mobile at the cusp of the revolution
we’ve seen around us.

The studio had just migrated from a
predominantly Java + Brew background.

We needed to take advantage of the new
possibilities the technology gave us.

But this required the studio to adapt our " 4
workflow.

2 SONB 3F2Ay3 G2 aGF NI KA donbowivd develbplig&mes f A
at Firemonkeys

- | joined mobile games in 2009, just after the release ofipt®ne3GS

- The studichad just migrated from building simple java/brew titles to first generation
smartphone games

- The new generation of devices allowed us to create richer and more compelling
titles

- As a result, we needed to change the way we built our games

NVIDIA.



Developing for Mobile:
Actually quite hard.

As the games got more complex, we began to run up against some serious issues.
» Game sizes were doubling y:

"
2 04:25.72

Need for Speed: Need for Speed: Hot Need for Speed: Most
Shift (i0S, 2009) Pursuit (i0S, 2010) Wanted (iOS, 2012)

» Debugging and iteration were real limiting factors

Our titles have been doubling in complexyyar on year, both in terms of code and

assets

NFSUndercover (the title made before | joined) shipped at 90mb, NFS Shift at 250,
and a year later, Hot pursuit was nearly 500mb. We now are close to 2GB for RR3.

The process of dealing with these more complex projects made the difficulties of
mobile development, such as inconsistent debugging issues and incomprehensible

deployment errors, stand out

NVIDIA.



The Solution: Develop on PC

pq Visual Studio

We embraced the Visual Studio ecosystem.

Our solution to these issues was to do the majooityhe development on PC
We embraced the visual studio ecosystem

NVIDIA.



The Solution: Develop on PC

No excuses for hacking in platform-specific code!
All game code in device agnostic C++
Came in handy later when we looked at Android

Only use Objective-C (or Windows API calls) for OS interoperability, and hide it in
the engine

The necessitated some changes; we remaaey platform specific code in the game,
making it all deviceagnostic C++

By having your game code clean of these dependencies, you can open up future
porting optionsg which came in handy when we moved to android.

Any OS/graphics code was moved into platform abstraction layers in the engine

NVIDIA.



The Solution: Develop on PC

Our “simulator” is just a normal window

We support common device resolutions in it
You may need to add multi-touch code / accelerometer etc
Don’t forget dealing with application activate/deactivate flow

Buildinggh ¢ 2NJ Ay 3 daaAyYdz F G2N¥ F2NJ Y20A( S GAGT
regular window

- We have preprogrammed it with common device resolutions, but support
dynamic resizing for uncommon devices

- Extra inputs may need to be coded in to support mtdtich and features like the
accelerometer

-LiQa Ffaz2z ¢2NIK o60SAy3 oftS G2 aavdzZlasS
those code paths
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What about the graphics?

OpenGLES ~= OpenGL

We have a shim DLL that emulates EGL and OpenGLES specific APIs

» It also #defines out lowp, mediump, and highp and adds #version 120 to the top of shader
source.

* We insert decompression routines for mobile specific texture formats like PVRTC

Interestingly, this first led us down the path of developing a relationship with NV.

You might be wondering what we do émnulateOpenGLE&N Windowsg
LQtf S0 &PwmnGLisobagicallythad $SuDe\ds iils embedded counterpart
We have built a shim DLL that we link to which providpenGLE®&Inctions

Forshadercompatibility, we have added three #defines that allow our mobile
shaderdo function unmodified

In addition, we have embedded decompression routines for mobile texture formats
that let us use assets we would ship with

Driver OpenGL compatibility became a big issue, so we switohaeing a solely NV
shopg we never aimed to ship on PCs
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(Why) | hadn’t (yet) mentioned Android

Android was originally dealt with by other teams in EA
We tentatively looked at it and decided it was too hard

Our games would be branched at (or near) release and sent to
another EA team for porting.

== sub-par Android experience

Fora long time, Android was not dealt with within the studieve relied on external
EA porting teams

At various times, we considered supporting it locally, but lacked the bandwidth to add
support

This meant that our games would be branched near release and sent to another team
for finalizing

Unfortunately this led to titles that gave players a qudr experience on Android
devices

NVIDIA.



My First Date with Android ®

We decided to make a clean break with NFS Most Wanted in 2010,
which would be the first title on our new engine.

We were going to try to close the gap with Android

New technology, new platform
What could possibly go wrong??

We sure were in for a shock!

With the development of our new engingunfortunately named Isig we decided to
try adding first party android support

This first party support would allow external teams to only deal with device specific
issues, closing the quality gap for our titles

It was a new codebase built on new technology, targeting a platform we had never
dealt with

What could possibly go wrong?

NVIDIA.



The forgotten child: the NDK

It turns out Android is pretty keen on the YODAWG;1 HEAHDWU“ LIKE

whole Java thing UA -

Java is not the ideal language for our mobile
games
Especially ones written in C++
...with an existing C++ engine —" \

...that need to be highly efficient v i
SOIPUTAMAININ YOUR MAIN SO

N YOU CAN EXECUTE WHILEYOU
S ? \NDK! :
Solution(?) The NDK! E_XEBUTE

So it turns out that Android is pretty keen on the whole Jénag

WIE @l AayQid NBFIfte adzAdSR F2NJ GKS
on C++ and multiplatform engines

| have heard that the Java side of Android development is pRe®yO S v (i
0StAS®S GKIG ¢6KSy L &aSS AG0Z 0 dz
on the NDK
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The forgotten child: the NDK

YO DAWG I HEARD YOU LIKE C++

Android via the provided NDK is painful.
No project system

Difficult to set up debugging/deployment
No reliable profiling tools

Interop with Java not trivial

The device has to behave itself

The NDK, unfortunately, has all the trappings of being developed in a short timeframe
by several interns colluding

It is extremely difficult to use it for a production workflow, lacking a project system
other than make,

no debugging integration with IDEs (although it is ~~~possible~~~ to use the GDB
transport layer with Eclipse),

no integrated profiling tools,
and it is reliant on interoperating with the Jatbased OS
(as well as) having a device that is in a good mood.

NVIDIA.
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Somethmg had t giye

s } S

Ild be no more compromises

e the first title made with no external
‘\L\ndz oid team.

When we started this project, the shifting market demographics meant that we could
have no more compromises with our Android release
bC{ 62dzZ R 0S (G4KS FTANBRG GAGES

g KSWBad 6 S RA
only one set of developers for both platforms
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Something had

By sheer coincidence, | happened to read about a new program posted

| remember thinking that it was too good to be true.

Shortly after we made that decision, | was reading the latest news from the NVIDIA
developer portal, where a new program with an extremely long name was offering to
YIS GKS FYRNRAR RS@St2LIYSYyd GSELISNASYOS
| remember thinking that what they offered was too good to be true
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Android - the Road to Recovery

Nsight Tegra VSE slotted directly into our workflow:

» We could build and deploy within Visual Studio with a solution platform
« |t supported debugging native code

« And it even came with an integrated Java debugger within the IDE!

* Also, the TADP set up system may have saved a few lives on the team

The verbosely namelsightTegraVisual Studio Edition and thieegraAndroid
Development Pack slotted directly into our existing windand visual studio
workflow

- We could build and deploy within Visual Studio without requiring specialized
hardware and while sharing the same project/solution files as our windows
simulator

- It also supported native debugging over ADB and integrated with Visual Studio
- And¢ much to our surpris€ even came with debugging support for Java code

- The streamlined setup process from the custom installer managed to remove most
of the arcane knowledge required to build and deploy to android devices

NVIDIA.



Android - the Road to Recovery

We were already using a Windows + VS development environment for the vast majority
of the project.

Suddenly, we could make every developer on the team an “Android Developer”

We were already using visual studio and windows for the majority of our feature
development

The way that this toolchain integrated not only allowed us to do meaningful work on
FYRNRAR GAOKAY (GKS adGdzRA23 odzi ¢S O2dz R
RSOSt 2 LISNE
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Finally, someone cared!

We had felt that the NDK had been overlooked ®

But NVIDIA is working on turning it into a viable gaming platform! ©

For a long time, we had felt like the NDK had been overlooked byeig$orsg and
our suggestions for improving it fell on deaf ears

But now we had NVIDIA really investing in the developer experience, and building it
into a viable gaming platform

Turn into a viablgaming platform

Precompilecheaders which reduced our full build time from nearly an hour to a
fraction of that

Incredibuildsupport so now none of my programmers can complain
tKSeQdS FRRSR yS¢ {5Y NBtSIFHasSa | yR
possible compilers

As well as a host of other features that make the experience better

0«
(0p))
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Finally, someone cared!

Support has been great

We have got, in the last 18 months:
Precompiled headers
Incredibuild support
New NDK releases
Increased debugger performance

The initial releases lacked a few features we wanted, but we engaged in an email
campaign to get our wagnd NVIDIA responded by showing their commitment in the
platform.

In the last 18 months during our development cycle, several major features were
addedc hopefully as a direct result of our requests.

We have received precompiled header support, which cut our build times by 80%
Incredibuildhas recently been integrated, to improve them even further

They update the pack rapidly for each NDK release, something we are keen on as we
always use the latest compiler available

And have improved debugger performance and reliability

NVIDIA.



Rough Edges - An Android Editorial

There are still problems with the Android ecosystem.

Okay, there’s the normal hell of moving to a new platform -- and | gotta say,
Android was more hell to move to than most consoles I’ve adopted.

-John Carmack

Unfortunately, there are still some problems with the Andrembsystem
JohnCarmackecently said:

<read quote>
Which | think sums up some of the sentiment surrounding the platform

NVIDIA.



Rough Edges - An Android Editorial

Misbehaving devices
Some are even impossible to debug native code on
| hope you enjoy printfs
Transferring files/assets can be surprisingly hard

JNI interop full of danger and horrors

~90% issues come from graphics driver/vendor oddities
Don’t make a game with graphics and you’ll probably be okay

There are some corigsues with building titles for Android, and sadly NVIDIA cannot
fix them all.

We consistently have issues with certain device/firmware combinations
- Such as ones which have misconfigured security settings that disallow debugging

- The difficulties in debugging these devices means you often reabyiotis (not
that printfs will actually appear in the output, you need a different method for
that!)

- Often these devices have incomplete or suspect USB file handling, making reliable
deployment difficult

Interacting with the Java system libraries via JNI can also expose you to pitfalls in the
JNI system

But the vast majority of issues come from driver or vendor problems with the
graphics AR¢ as long as your game has no graphics, you are likely to be okay.

NVIDIA.



Tales from the trenches

Pro Strategy: Use NVIDIA devices for reference!

Debugging works
Profiling tools
Trustworthy graphics drivers
GPU architecture is familiar
We typically see that whatever works on our PCs works on the new NV devices
(Provided we don’t try to do too much)

This lets us focus on the Android version of the game without distractions.
And that benefits the whole ecosystem!

We mitigate these issues by using NVIDIA android desgesference hardware.

These devices, such as the shield tablet, function correctly when debugging, have
profiling tools, and have trustworthy graphics drivers without unexpected pitfalls

Because we are already using NVIDIA hardware on our development machines, we
can typically see visual effects immediately running on device

Working on a known good device allows us to concentrate on features and deal with
devicespecific corner cases later

NVIDIA.



Tales from the trenches

Sadly, building an application that works (well) on all
devices is hard!

You need to be aware of different hardware architectures.

The fact of the matters, building an application that works well on all devices is quite
hard.

Notwithstanding driver or vendor issues, you need to be aware of different
architectural configurations

NVIDIA.



Tales from the trenches

Tile based deferred GPUs are not like forward rendering GPUs
Several vendors have performance somewhere in the middle
See me later if you want me to talk your ear off

Unless your game is tiny, you will need 4 texture SKUs
DXT (we reuse this one for Windows)
ATC
ETC (watch out for alpha!)
PVRTC
ASTC/ETC2

The first thing to note is that thiéle-based deferred renderers are not at all similar to
the forward rendering chips in terms of their performance characteristics. While we
can mitigate issues by sorting geometry differently, there are major discrepancies in
fill rate and throughput.

In addition, these differing GPU architectures require that typical android titles ship
with four texture compression options;

DXT, which we can reuse for our windows simulator so it takes less baking time to
move to NVIDIA Shield afiegrahardware

ATC, ETC and PVRTC
Watch out for the lack of alpha support in ETC1 devices

There is now also ASTC and ETC2 but those are not popular yet and those devices
already support one of the other formats.

NVIDIA.



Tales from the trenches

Graphics performance surprisingly hard to predict
Power/thermals a big issue
Fill rate vs insane resolutions
Very little documentation on mobile GPUs
Unpredictable shader costs

The graphics performance of a particular device can be surprisingly hard to predict.

Unlikeconsoles, we must consider issues of power management and thermal
characteristics.

The screen resolutions offered by android vendors vary wi@gd can often be
many times larger than we would see on traditional HD platforms

Another concern is the deep lack of documentation for mobile GPUs, which can lead
to

Highly variable shading costs for what may appear to be similarly performing
hardware

NVIDIA.



Drivers, drivers everywhere

Driver quality on some devices charitably called “sub-optimal”

Just because the OpenGLES spec says it’s there doesn’t mean it will work.

Just because it worked that time (on that device) doesn’t mean it’ll perform at
scale.

Same chipset != same driver

Not all GPU vendors have as good a driver team as the one at NVIDIA, and many GPU

drivers for Android devices are lacking

- It is a common mistake to assume that@penGLE®&atures will function as the

specification suggests

- Even when your API call of choice functions on one device, there is no guarantee
that it will perform similar or repeatable on other devices

- When considering this, remember that vendors do replace the drivers in chipsets
and not all instances of identical hardware will be running the same code

NVIDIA.



Drivers, drivers everywhere

Be wary of anything “exotic” or unusual
Occlusion queries
Render targets
Cube map faces as render targets
Hardware depth formats are fraught with pitfalls

OpenGL context restore is not completely trustworthy on all devices
Less of a problem now

A

Typically, we find that avoidinigy @ § KAy 3 (G KIF G O2dzZ R 6S O2ya
significantly

- Need for speed had severe issues with occlusion query performance on one brand
of hardware

- Rendering to a texture can also behave unpredictably, especially if you have a lot of
off-screen buffers. In that particular instance, we fixed the issue by adding a
readpixeldunction to force the hardware to function

- Binding cube map faces as render targets appears to be highly unusual for many
common android vendors and has been associated with immediate device resets
for completely valid code

- ltis also worth ensuring you understand the various depth formats and restrictions
for each type of device

Finally, there is a mechanism for restoring lost GPU resources when resuming an
android activityg we have found that if you are supporting older devices in particular,
you cannot rely on this to function; even when the device informs you that it is
capable.

NVIDIA.
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Tales from the trenches

CPU architectures also vary

ARM Thumb is comedy mode, don’t use it

Most modern hardware armv7 + Neon vector/SIMD unit
Some (one) notable exception(s)

Two x86 devices in the top 50

ARMé64 looming

CPU issues surprisingly rare, assuming you have the build chain set up

In addition to differing GPU architectures, there are many proprie&¢sand
several distinct CPU architectures

l'wa adzlJR2NIAa Fy FRRAGAZ2YIEFE AyadNHzOGAzZY
small binaries: it is not designed to be fast. We sometimes see libraries compiled
for Thumb; please stop making them

Most hardware we care about uses the ARMV?7 instruction set with a SIMD system
called Neon, with one notable exception where the vendor apparently decided

that nobody needed the neon unit. That vendor has learnt its lesson and promises

to be good from now on

LOQa |faz2 g2NIK NBYSYOSNAY3I GKIFG G§KSNB
and two of them are in the top 50. x86 devices run arm code through some kind of
emulation layer, but that has serious performance ramifications

And finally, ARM64 is loomimgy 2 ¢ GKIF 0 Ah{ KIFI & agAiOKSR
Android apps start to convert

All in all, CPU issues seem to be blessedly-rarblJ Yl €6 S ¢S 2dza i KI @8
them
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Tales from the trenches

Some of you may have seen this befqie (i Qa | @file delativé gopulérity2 y

of Android devices that logged on to the bEsed OpenSignal network. There were

4,000 different models that connectepiwe typically target the top 50 and hope

GKFGQa | oA3 Sy2dzaK NIQy3aS (2 KAG Yzad 27

This has been repeated many times, but fragmentation is no joke for Android

NVIDIA.



Tales from the trenches

There are thousands of devices

Lots of devices are called the same thing but are not related
at all.
On manufacturer has 20 devices with the same name
Some with entirely different chipset architectures

NVIDIA.



Tales from the trenches

Tiering a graphics heavy game: not a solved issue.

Heuristics?

Online tiering?
We chose this solution
Feels a bit like putting the tracks down in front of the locomotive
Can push new tiering info for new or troublesome devices

This adds together to make a difficult problem: tiergrgphics heavy titles, which is
unfortunately not a solved issue.

Before we decided to take android-irouse, we used a heuristic to guess what the

device was capable of, with varying degrees of success

b2 6SQOS UNIYYaAUA2YSR (2 dzaAycwhehy 2yt A
the game starts it will download the settings for that particular device and firmware
LGQa ¢2NJ SR NBlazyltofeée ¢gStftsx odzi FSSta f
amount of effort to populate the database.

It does let us push out new info for new devices, as well as solve issues that only
appear in the wild or escape testing

NVIDIA.



Watch your assumptions!

The compiler and NDK are always evolving

» We use Clang because it is much faster to build our project with.
* We have encountered code gen errors with some releases.
» Clang on i0S != Clang in the NDK

| always warn developers who are starting on Android not to get complacent about
the toolchain and the language.

We often find ourselves on the bleeding edge of the NDK as we have adopted Clang
for our Android titles (due to the better precompiled header system)

Unfortunately, we have also encountered 100% issues with code generation that have
appeared in one NDK release and disappeared in the next

Another thing to bear in mind is that Clang on iOS and within the NDK are not the
same¢ beware ofcodegendifferences

NVIDIA.



Watch your assumptions!

The “Android” code path may not have been correctly configured or
tested in third party libraries.

 For our title, the NVIDIA System Profiler identified a bottleneck in Boost’s
implementation of shared_pointers

Another concern wittandroid is that many libraries have been poorly configured for
the Android platform

- We used theTegraSystem Profiler to identify an unusually large amount of time in
the boost library

NVIDIA.
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Symbol Name . Seff, % App, % Stack, % uR LR Module Name
020 096 18792127 6002132 /¢ fs14_row-1/lib/ pp.so
const&) 001 053 3022385 2,384,572 /e / f14_row-1, pp.so
001 148 7593480 3882601 /i ea.game.nfsld_row-1/lib/ pp.SO
_weak_ptr<imco. 004 X 073 7040375 6804522 nfs1d_row-1/lib/; ppso
const&, floa. 029 054 5320301 5147,160 /data/app/e fs14_row-1, pp.so
*, float, float, bool) 003 373 44759342 18118195 /data/app/com.es.game.nfsld_row-1/lib/arm/libapp.so
Trackl constd) ! 098 3918067 2248179 /data/app/com.es.game.nfsld._row-1/lb/am/libapp so
im:apprsounds:CarSounds:OnUpdate(im: Timestep const&) 055 4038381 2,243,202 / #514_row-1/ pp.so
Timestep const&) 074 5360229 3317210 /i jar fs14_row-1, Pp.SO
Timestep const8) ! 089 3654328 3165500 / Z 514 _row-1/ ppso
", int, imzmathzFrustum const&) Y 4 32776817 17,007,435 /¢ pp/com.ea.game.nfsld_row-1/lib/ pp.so
Bacedog oo 0ok oo X B.251,034,535 186,781,326 /data/app/com.ea.game.nfsld_row-1/lib/arm/libapp.so
im:components::component_weak_pt LightC <0p const 4419205 2892913

PP/ nfs1d_row-1/lib/arm/libapp.so

p const 3268208 1851679 /data/app/com.es.game.nfsld_row-1/lib/sm/libapp.so
o const 2556121 2207872 /di ame.nfs14_row-1 ppso
P ) const ¥ ¥ 6731015 4297929

app/ nfs1d_row-1 pp.s0
P const £ & 7176049 4,254,866 /data/app/com.ea.game.ntsld_row-1/lib/arm/libapp.so
TransformComp p X 4580513 4,284,287 / /e f514_row-1/ ppso
e p—— o - - 95279981 4269317 /data/app/com.ea.gamenfsld_row-1/lib/arm/libapp.so
Timestep const8, int, im:Timestep const&!) 50,779,795 35432724 /datal ea.gamenfsld_row-1 pp.so

Everything in the red box is the boost problem.
Thereare even more calls that are filtered out.
That is around 6+ % combined!

Removing bottlenecks can make the overall speed sometimes go even higher but in
this case it was more like a straight recoup and a far reduced % overall.
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Watch your assumptions!

The “Android” code path may not have been correctly configured or
tested in third party libraries.

» For our title, the NVIDIA System Profiler identified a bottleneck in Boost’s
implementation of shared_pointers

» It turned out that it was incorrectly using a slow path for multithreaded reference
counts

- It turned out that the android configuration was not using atomic operations and
fell back to a slow path for multithreaded primitives

NVIDIA.



Java and Native Apps

Game developers usually stay away from Java because of performance
reasons.

Unfortunately, many features are only available in Java, e.g.,
Google Play Services
Third party engagement/advertising libraries
OS/UX systems

Remember how | saithat g S G & LIAOF f & R2y Qd dzasS Wk gl K
often find ourselves with no choice.
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Java and Native Apps

JNI may not be your friend, but it isn’t out to harm you ©
e.g., useful for Google Play Services

Y 1
, GOOD GOooD
Interop with native does have pitfalls: g

Each native thread needs to initialize JNI [~ A

The classloader from the main thread should be reused ;_ y
everwhere

Watch out for exceptions! LET THE JAVA FLOW
Be aware of the process model THROUGHYOU, ...
Native threads may survive termination of the Java activity

Java APIs are the primary way that some core features are made available, such as
the google play services, many third party engagement or ad libraries, and new OS
features

dzii AGQa y2a |t omalR&Eintesféce tO togimuwindate betiedn> G K
nativecode and java code.

There are a few pitfalls to avoid; hopefully some of these are already well known
- JNI needs to be initialized per native thread created

- And theclassloadefrom the initial thread is the one you should be using, so you
need to share it between your native threads

-LOQa Ffaz2 AYLERNIFYyOd G2 NBYSYOSNI GKIFG AT
LIAO] AG dz2ldr AdGQft OFdzasS I ON}&K GKS ySE
- Finally, the Android process model can get a bit confused with mixed Java and
native applicationg it is possible to end up with your Java application terminated
while your native code continues to run. This is especially confusing as the native
threads get can be rattached to a new application instance, which is highly
unlikely to be what you wanted

NVIDIA.



A light at the end of the tunnel

« Android came from a difficult place for game developers.

* Shipping on thousands of different devices is not particularly
easy.

So where does all this lead us? Well, Android gubsould be the first to admit thig
not a great platform for game developers.

It also has challenges of its own that are unique to having such an open ecosystem.

| think in a lot of cases, the difficulties we, the development community, had with
Android was reflected in the quality of the porting efforts.

NVIDIA.



A light at the end of the tunnel

NVIDIA has been diligently improving the process, and this
makes games better for every Android owner out there.

If you’re not using Nsight Tegra VSE yet, you should be.

There really is a light at the end of the tunnel, however. NVIDIA is investing in making
Android better for every Androidownéry R 3+ YS RS @St 2 LISNJ 2 dzi
really trying to make it a fully viable gaming platform.
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usingNsightTegraVSE yet, you really should be.
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Android Dev-Diaries:

Tick Tock Games

Thisis a session about some of the cool tools NVIDIA has developed for android
developerg; specifically as it relates to our most recent title, Need for Speed: No
Limits

NVIDIA.



Arden Aspinall - Lead Developer and CTO

Introduce yourself

Who am I? **Say a bit about myselkeeping it brief.**

Mention Jonathan SeymourSeniorProducerg attendingGameConnectiothis
week

NVIDIA.



We work on our own projects and we consult and develop games with partners in the
industry

NVIDIA.



