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Why Profiling & Optimizing 

● Access more devices and users 

● Reduce APK size to increase number of download 

● Increase game performance & loading time 

● Identify performance bottleneck 

● Optimize & reduce development work effort 



China Market 
Overview 



China Top 20 device 

- Galaxy S 
- Galaxy S 2 
- Desire 
- Desire HD 
- Galaxy S 3 
- Galaxy Ace 
- Desire S 
- Defy 
- Incredible S  
- Wildfire 

- Galaxy Note 2 
- Galaxy Note 
- M9 
- Galaxy Nexus 
- Mi-One 
- Wildfire S 
- Galaxy SL 
- Galaxy Tab 
- S800 
- Galaxy Gio 

Samsung 
Samsung 

HTC 
HTC 

Samsung 
Samsung 

HTC 
Motorola 

HTC 
HTC 

Samsung 
Samsung 

Meizu 
Google 
Xiaomi 

HTC 
Samsung 
Samsung 
Hyundai 

Samsung 

* Data collect between 2011 & 2013 by 'Sweet Potato Game Center' ( 地瓜游戏中心 ) 



Adreno  - 

PowerVR  - 

Mali  - 

Tegra  - 

Vivante  - 

VideoCore  - 

* Software Renderer  - 

44.7 % 

26.7 % 

19.1 % 

1.6 % 

1.6 % 

0.5 % 

5.8 % 

GPU Vendor 



CPU Instruction Set Architecture 

ARMv7 
81.1% 

ARMv5 
0.3% 

ARMv6 
18.5% 

x86 
0.1% 



ARMv7 - Graphic 

OpenGL ES GPU 



ARMv7 - Spec 

RAM CPU 

* 97% of the 1000 MHz have 1 CPU core 



• Samsung Galaxy S 

• Samsung Galaxy S2 

• Samsung Galaxy S3  

• Samsung Galaxy Note 

• HTC Desire 

• HTC Desire HD 

• HTC Desire S 

• HTC Incredible S 

• Meizu M9 

2.0 

512 mb 

1 Core 

1000 MHz 

Top 9 

Cover 74% of all the device in China 

Cover 91% of the ARMv7 device in China 

OpenGL ES : 

Physical RAM : 

CPU Core : 

CPU Speed : 

2.3 Android API : 

ARMv7 Target Device 



ARMv6 - Graphic 

OpenGL ES GPU Vendor 



ARMv6 - Spec 

RAM CPU 



2.0 

256 mb 

1 Core 

600 MHz 

Top 8 OpenGL ES : 

Physical RAM : 

CPU Core : 

CPU Speed : 

2.3 Android API : 

ARMv6 Target Device (Hi) 

Cover 93% of all the device in China 

Cover 60% of the ARMv6 device in China  

• Samsung Galaxy Ace 

• Samsung Galaxy Gio 

• Samsung Galaxy Mini 

• Samsung Galaxy 

550 

• HTC Wildfire S 

• HTC Legend 

• Eastcom MTW20 

• Huawei Sonic 



1.1 

256 mb 

1 Core 

528 MHz 

Top 6 OpenGL ES : 

Physical RAM : 

CPU Core : 

CPU Speed : 

2.2 Android API : 

ARMv6 Target Device (Low) 

Cover 99% of all the device in China 

Cover 95% of the ARMv6 device in China  

• HTC Wildfire 

• HTC Hero 

• HTC Magic 

• Huawei C8500 

• Motorola Backflip 

• Motorola Cliq 

*CPU 

*CPU 

*GPU 

*CPU 

*GPU 

*GPU 

* 75% render on CPU 



Unity Support 

OpenGL ES 
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1.x 2.0 3.0 

CPU Instruction Set 
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Android API 

Min Max 

2.0.1 

2.0.1 

2.0.1 

2.0.1 

2.3.1 

2.3.1 

2.3.1 

2.3.1 

4.2 

4.2 

4.2 

4.2 

4.3 

4.4 

4.4 

4.4 

 

 

 

● 

● 

auto 

auto 

auto 

Unity 3.5 

Unity 4.0 

Unity 4.1 

Unity 4.2 

Unity 4.3 

Unity 4.5 

Unity 4.6 

Unity 5.0 



Understanding 
Memory 



- Physical Memory (Unified) 
 
- Linux Kernel 
 
- Android OS Process (Hidden) 
 
- Process (Persistent & Visible) 
    - system 
    - android.process.acore 
    - com.android.sysmui 
    - com.android.phone 
    - com.android.smspush 
    - com.android.nfc 
 
- Available 

256 mb 512 mb 

 ~130 mb 

~72  mb 

~190 mb 

~54 mb 

~72 mb 

~95 mb 

~120  mb ~34 mb 

RAM Memory Distribution 

50 mb 

40 mb 

30 mb 

20 mb 

10 mb 

0 mb 



Memory Consumption 
Same game on different device (APK size 35mb) 

Adreno PowerVR Tegra 



● dumpsys meminfo 

● dumpsys meminfo <PID> 

● cat /proc/meminfo 

● procrank 

( all process & process category ) 

( targeted process ) 

( whole device ) 

( all process including system process ) *not always available 

Shell Command 

* returned data may vary depending of the device Android version 

- Can be execute from the the from desktop via USB remote 

 adb shell dumpsys meminfo 

- Can be record to a file or clipboard 

 adb shell dumpsys meminfo >FileName.txt 

 adb shell dumpsys meminfo |Clip 



Understanding 
Texture 



OpenGL ES Internal Texture Format 
Internal Texture Format Red Green Blue Alpha Luminance Depth Stencil Bits Unity 

 ALPHA8 8 8  Alpha 8 

 LUMINANCE8 8 8 

 LUMINANCE4_ALPHA4 4 4 8 

 LUMINANCE8_ALPHA8 8 8 16 

 RGB565 5 6 5 16  RGB 16 Bit 

 RGB8 8 8 8 24  RGB 24 Bit 

 RGB10 10 10 10 30 

 RGBA4 4 4 4 4 16  RGBA 16 Bit 

 RGB5_A1 5 5 5 1 16 

 RGBA8 8 8 8 8 32  RGBA 32 Bit 

 RGB10_A2 10 10 10 2 32 

 DEPTH24_STENCIL8 24 8 32  Depth (Player Setting) 

 DEPTH_COMPONENT16 16 16  Depth (Player Setting) 

 DEPTH_COMPONENT24 24 24 

 DEPTH_COMPONENT32 32 32 



Fixed-Rate Texture 
 

•   ETC1 >   All OpenGL ES 2.0 & later GPU 

•   ATC>   Andreno 

•   PVRT>   PowerVR  ( iOS 100% ) 

•   ETC2 >   All OpenGL ES 3.0 & later GPU 

•   DXTC>   Tegra & Vivante 

•   ASTC>   Supported* OpenGL ES 3.0 GPU  ( Apple A8 ) 

 

100% 

45% 

27% 

7% 

3% 

>1% 

* Adreno 420 / Mali Midgard 2nd-Gen / Tegra K1 / PowerVR Series6XT / Vivante GC7000 



RGBA 32 RGB ETC RGBA 16 RGBA PVR RGB PVR 

128 kb 
(1 texture 128kb) 

256 kb 
(1 texture 256kb) 

64 kb 
(2 texture 32kb) 

32 kb 
(1 texture 32kb) 

64 kb 
(2 texture 32kb) 

color 

diff. 

diff. 

alpha 

size 

32 bpp 4 bpp 16 bpp 4 bpp 4 bpp 



Shader 
 



Modification & Optimization 

● Converted Shader who need 'Split Alpha' 

● Create Custom shader 

● Use build-in Unity 'mobile' shader 

● Reduce shader number of instruction 

● Avoid 'Discard' fixed function ( Alpha Test ) 

Limitation 

● Unity Legacy GUI system 

● Unity Legacy Font system 



Multiple Build 
Creation 



Avantage / Disadvantage 
Avantage 
 - Better Performance on each target 

 - Better Graphic on better phone 

 - Smaller package on each target 

Disadvantage 
 - More Asset Creation & Management 

 - More Code Creation & Management 

 - More Shader Variation 

 - Build Distribution Complexity 

 - More Testing & Debuging 



Texture 
Optimization 



Splitting Alpha from Color 

[ R ] [ G ] [ B ] [ A ] 

[ R G B ] [ R G B ] 



Remove Duplicate 
Before After 

Color 

Alpha 

4 texture used 3 Texture used 



Resize Texture 

Color 

256 x 256 

Alpha 

256 x 256 

Alpha 

64 x 64 

Need resolution Can be reduce 

Resize base on device screen 



Square Power Of Two (SPOT) 

Use SPOT texture only 

32 x 32  

64 x 64  

128 x 128  

256 x 256 

512 x 512 

1024 x 1024 

2048 x 2048 

Convert Non-Square Texture 

• Split Texture 

- Create new object 

• Merge Texture / Build Atlas 

- Change object UV 



Reduce Package Size 

316 kb in APK 287 kb in APK 

[ 1024 x 1024 ] will always used 512 kb in RAM 



Other Assets 
Optimization 



Geometry 

• Vertex Indices 

• Vertex Color 

• UV 1 / UV 2 

• Normal 

• Skinning Weight 

Data Reduction / Removal 



in FBX in Unity 

Animation 
Key Reduction 



Audio                  Video 

• Force Mono 

• Convert to OGG / MP3 

• Reduce kbps 

• Create Real-Time Cinematic 

• Convert to OGG / H.264 

• Reduce kbps 

( use diferent quality for Video / Audio ) 

 

Size Reduction 

http://developer.android.com/guide/appendix/media-formats.html 



Profiling 
 



CPU 

● Too many draw calls 

● Complex scripts or physics 

 

Bandwidth 

● Big and uncompressed textures 

● High resolution framebuffer 

Identify performance bottleneck 

Vertex Processing 

● Too many vertices 

● Too much computation per vertex 

 

Fragment Processing 

● Too many fragments, overdraw 

● Too much computation per fragment 



Optimization Type 

● Reduce Memory Consumption 

● Asset Modification (Texture, Audio, Model, Animation, ...) 

● Code Modification (Memory Management, Memory Leak, ...) 

● Fix Performance Bottleneck 

● CPU "Central Processing Unit" 

● GPU "Graphic Processing Unit" 

● Reduce Package Size 



Adreno Profiler 

PVRTune / PVRTrace 

Mali Graphics Debugger / ARM DS-5 Streamline 

PerfHUD / Tegra Graphics Debugger  / Tegra System Profiler 

none 

none 

Adreno   - 

PowerVR   - 

Mali   - 

Tegra   - 

Vivante   - 

VideoCore   - 

Profiling Tool 

Android SDK tools  

Unity Profiler (Unity Pro only) 

All   - 

Unity   - 



Profiler Requierement 
• Root device 

• USB debugging Enabled (Developer Options) 

• APK with "INTERNET permission" enabled 

- in Unity 

- in AndroidManifest.xml 

<uses-permission android:name="android.permission.INTERNET" />  



PVRTune 
Connect Procedure 

• Start PVRPerfServer on device (PVRHub) 

 su 

 cd /data/data/com.powervr.PVRHub/bin 

 ./PVRHubDaemon & 

• Forward port 

adb forward tcp:6520 tcp:6520 

• Start PVRTune & Connect to device 

pvrtune://localhost 



PVRTune 
• Core Overview 
  - Frames per second (FPS) 

  - GPU task load 

  - CPU load 

  - Memory total / use 

  - Shader Clock Cycle per pixel 

  - Shader Clock Cycle per vertex 

  - Shader load: Pixel 

  - Shader load: Vertex 

• Primitive Clipping 

  - Primitives per frame: on-screen 
  - Vertice per frame: on-screen 

• Texturing 

  - Texture unit(s) load 



PerfHUD ES 

Connect Procedure 

• Kill Target Application 

• ADB command 

adb shell setprop debug.perfhudes 1 

• Start Target Application 

• Start PerfHUB ES 

 



Performance DashBoard 
• Speed Bar 

• Directed Tests 

  - Ignore Draw Calls 

  - Null Fragment Shader 

• CPU Monitor 

  - Draw Calls Per Frame 

• Batching Histogram 

  - Draw Calls Per Frame 

• Status Bar 

  - fps 

  - Primitive Count 



Frame Debuger 
• Frame Scrubber 

  - FBO (FrameBuffer Object) 

• Frame Overview 

  - Total Vertices / Primitives 

  - Texture Number 

  - Program Number 

• Geometry Viewer 

  - Attribute 

• State Viewer 

• Texture Viewer  

• Shader Viewer 



Frame Profiler 
• Bucket Definition 

• Unit Utilization 

• Draw Call Unit Utilization 

• Draw Call Unity Bottleneck 

• Draw Call Duration 

• Draw Call Shader Waits 

• Vertex Count 

• Triangle Count 

• Vertex Attribute Count 



Adreno Profiler 

Connect Procedure 

• Start Target Application 

• Start Adreno Profiler 

• Click 'Connect...' to open this  

- Select Target Application 

- Click 'Connect' button 



Grapher 
Metrics View 

• EGL (App Metrics Grapher) 

  - FPS 

• GPU General 

  - % Busy 

• GPU Shader Processing 

  - % Shaders Busy 

  - % Time Shading Fragment/Vertices 

Overrrides 

• GL API 
  - Disable Draw Elements 

• GL Texture State 

  - Force Linear/Nearset Filtering 

  - Force Small Textures 



Srubber 



Comments 



GL Context / Frame Stats 

• Render Calls 
  - # glDraw Calls 
 

• Geometry 
  - Total Vertices 
  - Total Primitives 
 

• Miscellaneous 
  - Total Texture Usage 
 

• Texture Formats 

• Blending 
  - Enabled 
 

• Culling 
  - Enabled 



Geometry Data 
 Vertice 
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Texture Browser / Mipmaps View 



Programs Browser / Shaders View 



Android Device Monitor 

Connect Procedure 

• Start Android Device Monitor 

 



Systrace Requirement: 
Android SDK Tool 20 
Android 4.1 (API Level 16) 



Trace 



Tracer for OpenGL ES 

Connect Procedure 

• Kill Target Application 

• Get 'Application Package' & 'Main Activity' name 

aapt dump xmltree OGLES2Water.apk AndroidManifest.xml 

• Set names in options.. 

• Press             to start. 

 



Tracer for OpenGL ES 



Connect Procedure 

• Build APK using setting.. 

- Development Build 

- Autoconnect Profiler 

• ADB command 

   adb forward tcp:54999 localabstract:Unity-com.iUnity.angryBots 

• Change Active Profiler to "AndroidPlayer(ADB@127.0.0.1:54999)" 

• Press                to start. 

Unity Profiler 





Thank You 
 


