Game development on Android

Using the NDK




Overview

* Background
* Porting to JNI

e Differences to iPhone
 Basic JNI
e C++ Threads under JNI

* Debugging
 (OMG This is B***shit!)
« Some OpenGL tips and tricks
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Who am 1?

 Matthew Clark matt@thevoxelagents.com
 Programmer/Founder of The Voxel Agents

 We make games - Original IP

* IPhone games

— Train Conductor
— Train Conductor 2

e Currently in the process of porting to Android



mailto:matt@thevoxelagents.com

Voxel Engine

* Not a 'Voxel' Engine
* OpenGL engine originally for iPhone

« C++ as much as possible
* ObjectiveC for:

- File access

- Saving / Loading users data
- Sounds

- Texture loading

* Guess what we need to rewrite? :)
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There Is more!

* No STL (need to compile and link STLPort)
 No Exceptions

- Various libraries need tweaking/changing
e TinyXML
« JSON

* Minor compiler differences
* Our pipeline is heavily integrated with xcode




And more...

 Many devices means different resolutions and
aspect ratios

e Even worse... different video cards!!

* With different subsets of OpenGL ES extensions

* No standard texture compression!

- iPhone uses PVR (4bpp)

- Smallest standard compression on android is RGB565
(16bpp) — no alpha!

- Fora 1024x1024 texture 512K vs 2Mb |
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JNI

The Basics




Calling C from Java

 Really Easy
* |n .java:

class VoxelGLSurfaceView extends GLSurfaceView
i

public boolean onTouchEvent{final MotionEvent event)

1

touchEvent{event.getAction(), event.getEventTime(}, event.getX{), event.get¥({));
return true;

}

private static native void touchEvent{int action, float time, float x, float v);

* In .cpp:

Java_com_tva_Voxel _VoxelGLSurfaceView_touchEvent({ INIEnv# env, jobject thiz,
hint touchEventType, jfleoat time, jfloat x, jfloat v |

2 touchPos(x — backingWidth/s2, v vackingHeights2);
touchPos = touchPos % Core:: i

kimgWidth,328.T 7 backingHeight);

tz:TouchInput input{touchPos, touchPos, time, @, (Input::TouchInputPhase)touchEventType, @);




Calling Java from C

e Bit trickier

Get the enwvir
IJMNIEnmw=# enw

find the class
cls = env—-=FindClass|

register the methods
ctor = env-=GetMethodIDicls,

readMethod = env-=GetMethodIDicls,

ringUTF( fullPath);

ake a string to pass
jstring mystr = env-=Newst

] ': reate 1 | e L | | == LMW oK LM 1 | e CONSTrUcCtor
jobject reader = env-=Newlbjecti{cls,ctor,mystr);

ibyteArray bytes env-=NewByteArray(numBytes);
jint bytesRead = env->CallIntMethod(({jobject)reader, readMethed, bytes);
jbyte *bPtr = env-=GetByteArrayElements({bytes, INI_FALSE);




GLSurfaceView

class DemoRenderer implements GLSurfaceView.Renderer

1

public void onSurfaceCreated(GL18 gl, EGLConfig config)
{

¥

nativeInit();

public void onSurfaceChanged(GL18 gl, int w, int h)
{

nativeResize(w, h);

}
public void onDrowFrame(GL18 gl)
{
nativeRender();
}

private static native void notiveInit();
private static notive wvoid notiveResize(int w, int h);
private static native wvoid notiveRender();
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Loading textures

* Phil Hassey's blog about porting Galcon to
android is awesome!

* Files in /assets/* are directly accessable by
filename

| nput St ream stream = app. get Assets().open(fil enane);
Bitmap bitmap = Bi t napFactory. decodeSt rean(strean);

gl . gl Bi ndTexture(G.10. G._TEXTURE 2D, texturel D);
GLUtils.texl mage2D( GL10. G._TEXTURE 2D, 0, bitmap, 0);

 Thats it!

 http://www.philhassey.com/blog/2010/08/03/port
ing-galcon-using-the-android-ndk/
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Sounds

» SoundPool (SoundFX)

* Specify how many sounds you want to play at once

 When you play too many sounds, it will stop playing
the earliest one

- This is okay behaviour, but sometimes you want the
opposite (requires manual tracking)

* AudioManager (Music)

- create()
- set Loopi ng()
- start ()
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pthreads

:;NIEH'.-'# GetThreadINIEnv( ] C++ threadS Canlt
INIERY Heny: access the JVM
U32 threadId = pthi (); directly

{g_JNIEnvMap. (threadId) == g_JNIEnvMap. (1)

e this even in o special thresd: They need to have a
st ='.:_1.':-_-:..'5:-:.-'r1i:-|3ér_E|5.".-uf (void ##) &env, INI_VERSION 1_4); Java Native

| Environment created
i for them

status = glavaVM-=AttachCurrentThread|{&eny,
ASSERT(status == 0);

g_INIEnvMap threadId]; AttachCurrentThread()

http://android.wooyd.org/JNIExample/
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http://android.wooyd.org/JNIExample/

pthreads continued...

 Make sure you Detach the thread

EndThread()

IJNIEnvMap:: roite
g_JNIEnvMap. i

{(iter != g_JNIEnvMap. L))

s =DetachCurrentThread();
g_JNIEnvMap.e! (iter);
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Gotcha

» Because the thread is running outside of the
GLContext — we can't do any GL operations

« Say good bye to threaded texture loading!
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Debugging JNI

No breakpoints in native code
Poor stack tracing

e Even worse inside Javallll
Emulator is terrible (1-3 fps)

Super headache!!!
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USELESS INFORMATION*

Log
Time pid tag Message
11-02 11:40:11.231 I 11909 DEBUZ zignal 11 [(SIGSEGTY, fault addr deadbaad
11-03 11:40:11.331 I 11%0% DEETS ri 00000000 r1 afdl4e2%  rE 00000027 r3 00000070
11-02 11:40:11.331 I 11909 DEBUZF r4 afd42328 r3 00000000 r& 00000000 7 43700000
11-02 11:40:11.221 I 11909 DEBUZ ro 4264db02  r9 41866£50 10 202al3f4  fp 41866£30
11-02 11:40:11.331 I 11909 DEBUZF ip 00001728 sp 4864ddécE®  1r deadbaad po afdllcB0 cpsr &0000030
11-02 11:40:11.231 I 11909 DEBUZ 40 EdTRESETEYTIEEET  dl  6DSEREZEeG1TZERETE
11-03 11:40:11.331 I 11%0% DEETS dE  PI6ef9617254274 43 A48961726d40eE12e
11-02 11:40:11.331 I 11909 DEBUZF d4  2ffeleRfff6etalf 47 E37EVSELI3EfRele
11-02 11:40:11.221 I 11909 DEBUZ dé BDEEST06172472£65 47 4cP4TRESSeRLTIED
11-02 11:40:11.331 I 11909 DEBUZF d2  00000000c1500000 4% 43=0000000000000
11-02 11:40:11.231 I 11909 DEBUZ d10 21d£E££EEFc00000 d11 <3e0000000000000
11-03 11:40:11.341 I 11%0% DEETS d12 000000a000000000 413 d000000000000000
11-02 11:40:11.341 I 11909 DEBUZF dl4 0000000000000000 415 0000000000000000
11-02 11:40:11.241 I 11909 DEBUZ dle Ffec0léalal3Toaf 417 J£8060227028d47a2
11-02 11:40:11.341 I 11909 DEBUZF d18 bfSeb2add5793dde 419 3£I03fe9f6e55711
11-02 11:40:11.241 I 11909 DEBUZ 420 2£a5555221053a42  dE1 3foc3Tdoed4fe??7al
11-03 11:40:11.341 I 11%0% DEETS dZ2 0000000000000000 423 Jef99342e0225063
11-02 11:40:11.341 I 11909 DEBUZF d24 3efI3348elesS06?  dES 3feT£7c300000000
11-02 11:40:11.241 I 11909 DEBUZ 426 bel0f52ce0000000 427 3Jef99242e0s25089
11-02 11:40:11.341 I 11909 DEBUZF dZ8 0000000000000000 425 3££0000000000000
11-02 11:40:11.241 I 11909 DEBUZ 420 0000000000000000 431 2££0000000000000
11-03 11:40:11.341 I 11%0% DEETS =scr 0000012
11-02 11:40:11.451 I 11909 DEBUZF #00 po 00011c80  Ssystemslibslibc. so
11-02 11:40:11.451 I 11909 DEBUZ #01 po 00012£3c  Sswstemslib/slibc. so
11-03 11:40:11.451 I 11909 DEERUZ #02 po 000222a0  Sdataddatascom. tva. Toxel/ /1ib/libVToxelEngine.so
11-02 11:40:11.451 I 11909 DEBUZ #02 po 000S0408  sdatasdatasoom.twa. Toxel lib/libToxelEngine.so
11-03 11:40:11 451 I 1190% DEEU: #04 po 000S0da0  Sdataddatascom. tva. Toxel /1ib/libToxelEngine . so
11-02 11:40:11.451 I 11909 DEBUZF #03 po 00149248 Sdataddatadcom.twa. Toxel/1ib/libToxelEngine. so
11-02 11:40:11.451 I 11909 DEBUZ code around po:
11-02 11:40:11.451 I 11909 DEBUZF afdlicel 24006824 e029d1fh b1Zbe8db c0Scfadf
11-02 11:40:11.451 I 11909 DEBUZ afdlic?0 £8442001 4792000c e034£24f Ze00ZRZ7
11-03 11:40:11.451 I 11%0% DEETS afdlicS0 2000£858e esedf?fh f7fAR106 fO4feS02
11-02 11:40:11.451 I 11909 DEBUZF afdl1c90 1035180 460aa901 FE012008 £7fo602
11-02 11:40:11.451 I 11909 DEBUZ afdlical a903eb82 20024532 eb22£7fc eed0f71ib
11-02 11:40:11.451 I 11909 DEBUZF code around 1r:
11-02 11:40:11.451 I 11909 DEBUZ deadbabc LfLLffffff fLffffff fLFLFfff FEFFFEEF
11-03 11:40:11.451 I 11%0% DEETS deadbaSc fEEFFFEf FEFFFEFf FEFEFFFf FEFFFEEE
11-02 11:40:11.451 I 11909 DEBUZF deadbaac fEEfffff fEFEEffff FEFEEfFf FEFFFEEE
11-02 11:40:11.451 I 11909 DEBUZ deadbabe fLL£££ff fRE£EFf1Ff fLFLFEFF £LFFFEEF
11-02 11:40:11.451 I 11909 DEBUZF deadbacc fEffffff fEFfffff FEFEEfff FEFFFEEE
11-02 11:40:11.451 I 11909 DEBUZ stack:
11-03 11:40:11.451 I 11%0% DEETS 486ddess 00000015
11-02 11:40:11.451 I 11909 DEBUZF 486ddesc  afdl14659  Ssvstem 1ibslibo.so
11-02 11:40:11.451 I 11909 DEBUZ 4264de90  afdd2Sa0  Szvstem lib libc.so
11-02 11:40:11.451 I 11909 DEBUZF 486dde24  afdd254c  Ssvstem 1ibslibo.so
11-02 11:40:11.451 I 11909 DEBUZ 42eddess 00000000
11-03 11:40:11.451 I 11%0% DEETS 4836dde%s afd1S673  Ssvstem lib libo.so
11-02 11:40:11.451 I 11909 DEBUZF 486ddeal  afdl4629  Sssvstem 1ibslibo.so
11-02 11:40:11.451 I 11909 DEBUZ 426ddéad  afdlded  Szvstem lib libc.so
11-02 11:40:11.451 I 11909 DEBUZF 48eddeas 00000070
11-02 11:40:11.451 I 11909 DEBUZ 42eddéac  afddl3Z8 Szvstem lib libo.so
11-03 11:40:11.451 I 11%0% DEETS 486ddebd  a0a00aa0
11-02 11:40:11.451 I 11909 DEBUZF 486ddebed  d4BeddEdc
11-02 11:40:11.451 I 11909 DEBUZ 42eddebs 43700000
11-02 11:40:11.451 I 11909 DEBUZF 486ddébe  afdld4S8ch  ssvstem 1ibslibc.so

*from the perspective of a human




arm-eabi-addr2line

* Inthe NDK tools
» Converts useless information into slightly more useful information

- Doesn't always have line numbers
- No object inspection
—  Ouch Ouch Ouch

libVoxelEngine.so 00057328 ZNK8Graphicsé6Spritel2DrawContentsEv ??:0
libVoxelEngine.so 000297b8 _ZNK8Graphicsl3DisplayObject4DrawEv ??:0
libVoxelEngine.so 000295e8 _ZNK8Graphicsl3DisplayObjectl2DrawChildrenEv ??:0
libVoxelEngine.so 000297c0 _ZNK8Graphicsl3DisplayObject4DrawEv ?7?:0
libVoxelEngine.so 000295e8 _ZNK8Graphicsl3DisplayObjectl2DrawChildrenEv ?7?:0
libVoxelEngine.so 000297c0 _ZNK8Graphicsl3DisplayObject4DrawEv ?7?:0
libVoxelEngine.so 000295e8 _ZNK8Graphicsl3DisplayObjectl2DrawChildrenEv ?7?:0
libVoxelEngine.so 000297c0 _ZNK8Graphicsl3DisplayObject4DrawEv ?7?:0
libVoxelEngine.so 000dbec8 _ZN7Project4GamelOInlineDrawEv ?7?:0
libVoxelEngine.so 000dcl44 _ZN7Project4Game4DrawEv ??:0

libVoxelEngine.so 001d8108 Java com tva Voxel VoxelRenderer nativeRender ?7?:0
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Solution?

 Lots of logging
» Use logcat where possible to filter information

__android _log print(ANDRO D LOG | NFO, "Voxel Engi ne", "bl ah”)
__android |l og print( ANDRO D LOG DEBUG, "Voxel Textures", "blah”)
__android_log print( ANDRO D LOG WARNI NG, "Voxel Fonts", "blah”)

- Filter using debug levels and tags

Filter: Voxel Engi ne: W Voxel Textures: | *:S

* Lots of Panadol / Asprin / Valium
 Don't create bugs?
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NDK-GDB

* Finally! Available on android 2.2 phones!
* Line numbers! OMG!!!

- | haven't used it successfully yet

Program received signal SIGEEGV, Segmentation fault.
tx80300bae in Jawva com example hellogdbserver HelloGdbServer invokelrash
clazz=0x4625£0b3 )

=0xaa50
fhome/vilimpoc/android-ndk-rdb/samples/hello-gdbserver/jni/hello-
TP ———

http://vilimpoc.org/blog/2010/09/23/hello-
dserver-a-debuggable-jni-example-for-android/
‘“gé’é‘N‘“%s
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OpenGL

* The first rule of OpenGL development is...
» Avoid State Changes

 The second rule is...
 AVOID STATE CHANGES! ;)
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e Use texture sheets

e Don't rebind a texture
that is already bound

 Cache the last bound
texturelD

 Fewer texture swaps

» Textures are rarely
square anyway...

e save texture space!
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Open GL

* |n our game, we have 5 different types of vert
lists

- X,Yy,u,v,colour (Sprites with vert colours)

- X,¥,Z,nx,ny,nz,u,v (3D model)

- X,y,u,v(Regular Sprites)

- X,y (super simple shapes — mostly debug only)
- X,Y,size,col (Point sprites (particles))

» Each different type needs a different setup

23



« Remember the previous
state

S— tote = sverteouy, * Only change what you
R need to change

- (GL_TEXTUR
(GL_TEXTURE

{GL_POINT
{(GL_COLOR_

State newsState;

ri4, ' BY ; Ty F YUVCol,col));

(drawMode, @, numVerts);

B ::VOXEL 24
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OpenGL

e Use vertex buffers

 Use GL_SHORT where possible for vertex
data.

» Shorts are half the size of floats
 Some androids don't support floating points :(
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