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C}Fst versions

* android
» Cupcake (ver. 1.5)
* Donut (ver. 1.6)
« Eclair (ver. 2.0/2.1)
* Froyo (ver. 2.2)
* GingerBread (ver. 2.3.x)
* HoneyComb (ver. 3.0)
* IcecreamSandwitch (ver. 4.0.x)
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Problem

OpenGL-ES 0jjA{2] 2X|A.

=9 platform, 5 version, 22{Lt C}2 GPU

Old Elroy was right, at least when he was rotting in his grave,
T do not know if it is an allen aftack, or some crazy farmer
who sprayed weedkliller acld in the cementary near by.

Find farmer Ed.
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OpenGL-ES Extensions

OpenGL ES API

OpenGL ES Extension
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OpenGL-ES Extensions

« Extension Specifications ( http://www.khronos.org/registry/gles/ )

GL_OES_blend_equation_separate
GL_OES_blend_func_separate
GL_OES_blend_subtract
GL_OES_byte_coordinates
GL_OES_compressed_ETC1_RGB8_texture
GL_OES_compressed_paletted_texture
GL_OES_draw_texture
GL_OES_extended_matrix_palette
GL_OES_fixed_point
GL_OES_framebuffer_object
GL_OES_matrix_get
GL_OES_matrix_palette
GL_OES_point_size_array
GL_OES_point_sprite
GL_OES_query_matrix
GL_OES_read_format
GL_OES_single_precision
GL_OES_stencil_wrap
GL_OES_texture_cube_map
GL_OES_texture_env_crossbar
GL_OES_texture_mirrored_repeat
GL_OES_EGL_image
GL_OES_depth24
GL_OES_depth32
GL_OES_element_index_uint
GL_OES_fbo_render_mipmap
GL_OES_fragment_precision_high
GL_OES_mapbuffer
GL_OES_rgb8_rgha8
GL_OES_stencill

GL_OES_stencil4

GL_OES_stencil8

GL_OES_texture_3D
GL_OES_texture_float_linear
GL_OES_texture_half_float_linear
GL_OES_texture_float
GL_OES_texture_half_float
GL_OES_texture_npot
GL_OES_vertex_half_float
GL_AMD_compressed_3DC_texture
GL_AMD_compressed_ATC_texture
GL_EXT_texture_filter_anisotropic
GL_EXT_texture_type_2_10_10_10_REV
GL_OES_depth_texture
GL_OES_packed_depth_stencil
GL_OES_standard_derivatives
GL_OES_vertex_type_10_10_10_2
GL_OES_get_program_binary
GL_AMD_program_binary_Z400
GL_EXT_texture_compression_dxt1l
GL_AMD_performance_monitor
GL_EXT _texture_format_BGRA8888
GL_NV_fence

GL_IMG_read_format
GL_IMG_texture_compression_pvrtc
GL_QCOM_driver_control
GL_QCOM_performance_monitor_global_mode
GL_IMG_user_clip_plane
GL_IMG_texture_env_enhanced_fixed_function
GL_APPLE_texture_2D_limited_npot
GL_EXT _texture_lod_bias
GL_QCOM_writeonly_rendering
GL_QCOM_extended_get
GL_QCOM_extended_get2

GL_EXT_discard_framebuffer
GL_EXT_blend_minmax
GL_EXT_read_format_bgra
GL_IMG_program_binary
GL_IMG_shader_binary
GL_EXT_multi_draw_arrays
GL_SUN_multi_draw_arrays
GL_QCOM_tiled_rendering
GL_OES_vertex_array_object
GL_NV_coverage_sample
GL_NV_depth_nonlinear
GL_IMG_multisampled_render_to_texture
GL_OES_EGL_sync
GL_APPLE_rgb_422
GL_EXT_shader_texture_lod
GL_APPLE_framebuffer_multisample
GL_APPLE_texture_format_BGRA8888
GL_APPLE_texture_max_level
GL_ARM_mali_shader_binary
GL_ARM_rgba8
GL_ANGLE_framebuffer_blit
GL_ANGLE_framebuffer_multisample
GL_VIV_shader_binary
GL_EXT_frag_depth
GL_OES_EGL_image_external
GL_DMP_shader_binary
GL_QCOM_alpha_test
GL_EXT_unpack_subimage
GL_NV_draw_buffers
GL_NV_fbo_color_attachments
GL_NV_read_buffer
GL_NV_read_depth_stencil
GL_NV_texture_compression_s3tc_update
GL_NV_texture_npot_2D_mipmap



http://www.khronos.org/registry/gles/

Display: 320 x 480
AspectRatio is 2:3

Display: 640 x 960
AspectRatio is 2:3
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Dispfay: 480 x 800
AspectRatio is 3:5

Display: 480 x 800
AspectRatio is 3:5

Display: 600 x 1024
AspectRatio is 1:1.7066

Display: 320 x 480
AspectRatio is 2:3

Display: 768 x 1280
AspectRatio is 3:5

Display: 800 x 1280
AspectRatio is 1:1.6

android

Display: 480 x 800
AspectRatio is 3:5

Display: 480 x 800
AspectRatio is 3:5
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SGX535
(Imagination co.)

'SGX535
(Imagination co.)

~Tios

'SGX540
(Imagination co.)

Mali-400MP
(ARM)

SGX540
(Imagination co.)

MSM7227
(Qualcomm)

android

Mali-400MP
(ARM)

Tegra2 T20
(Nvidia)

SGX540
(Imagination co.)

Adreno205
(Qualcomm)
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* Graphics hardware®| & X}0|.

Frames Per Second - Higher is Better

Samsung Galaxy S 2 (2.3 - Exynos 4210 - Mali-400)
HTC Sensation (2.3 - 1.2 GHz MSM8260 - Adreno 220)
Motorola Droid 3 (2.3 - 1 GHz OMAP4430 - SGX 540) 15.352
HTC Thunderbolt (2.2 - 1 GHz MSM8655 - Adreno 205) 14.558
MyTouch 4G (2.2 - 1 GHz MSM8255 - Adreno 205) 14.47
HTC Inspire 4G (2.2 - 1 GHz MSM8255 - Adreno 205) 14.444

Samsung Droid Charge (2.2 - 1 GHz Hummingbird - SGX540) 10.273

LG Optimus 2X (2.3 - 1 GHz Tegra 2 - ULP GeForce) 8.988
Motorola Droid X2 (2.2 - 1 GHz Tegra 2 - ULP GeForce) 8.835
Motorola Droid X (2.3 - 1 GHz OMAP3630 - SGX 530)  5.429

Motorola Droid 2 (2.3 - 1 GHz OMAP3620 - SGX 530)  5.383
0 5101520253035404550

Frames Per Second - Higher is Better

Samsung Galaxy S 2 (2.3 - Exynos 4210 - Mali-400)

HTC Sensation (2.3 - 1.2 GHz MSM8260 - Adreno 220)
Motorola Droid 3 (2.3 - 1 GHz OMAP4430 - SGX 540)
Samsung Droid Charge (2.2 - 1 GHz Hummingbird - SGX540)
LG Optimus 2X (2.3 - 1 GHz Tegra 2 - ULP GeForce)
Motorola Droid X2 (2.2 - 1 GHz Tegra 2 - ULP GeForce)

HTC Thunderbolt (2.2 - 1 GHz MSM8655 - Adreno 205)
MyTouch 4G (2.2 - 1 GHz MSM8255 - Adreno 205)

HTC Inspire 4G (2.2 - 1 GHz MSM8255 - Adreno 205)
Motorola Droid X (2.3 - 1 GHz OMAP3630 - SGX 530)

Motorola Droid 2 (2.3 - 1 GHz OMAP3620 - SGX 530)
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* Graphics hardware®| & X}0|.

Frames Per Second - Higher is Better

Samsung Galaxy S 2 (2.3 - Exynos 4210 - Mali-400)
HTC Sensation (2.3 - 1.2 GHz MSM8260 - Adreno 220)
Motorola Droid 3 (2.3 - 1 GHz OMAP4430 - SGX 540) 15.352
HTC Thunderbolt (2.2 - 1 GHz MSM8655 - Adreno 205) 14.558
MyTouch 4G (2.2 - 1 GHz MSM8255 - Adreno 205) 14.47
HTC Inspire 4G (2.2 - 1 GHz MSM8255 - Adreno 205) 14.444

Samsung Droid Charge (2.2 - 1 GHz Hummingbird - SGX540) 10.273

LG Optimus 2X (2.3 - 1 GHz Tegra 2 - ULP GeForce) 8.988
Motorola Droid X2 (2.2 - 1 GHz Tegra 2 - ULP GeForce) 8.835
Motorola Droid X (2.3 - 1 GHz OMAP3630 - SGX 530)  5.429

Motorola Droid 2 (2.3 -1 GHz OMAP3620 - SGX 530)  5.383
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Frames Per Second - Higher is Better

Samsung Galaxy S 2 (2.3 - Exynos 4210 - Mali-400)
HTC Sensation (2.3 - 1.2 GHz MSM8260 - Adreno 220)
Motorola Droid 3 (2.3 - 1 GHz OMAP4430 - SGX 540)
Samsung Droid Charge (2.2 - 1 GHz Hummingbird - SGX540)
LG Optimus 2X (2.3 - 1 GHz Tegra 2 - ULP GeForce)
Motorola Droid X2 (2.2 - 1 GHz Tegra 2 - ULP GeForce)
HTC Thunderbolt (2.2 - 1 GHz MSM8655 - Adreno 205)
MyTouch 4G (2.2 - 1 GHz MSM8255 - Adreno 205)

HTC Inspire 4G (2.2 - 1 GHz MSM8255 - Adreno 205)
Motorola Droid X (2.3 - 1 GHz OMAP3630 - SGX 530)
Motorola Droid 2 (2.3 - 1 GHz OMAP3620 - SGX 530)
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OpenGL-ES Extension A0 &

olg A.

OpenGL-ES Extension 7|5 & £7 deviceQj| M2 X|St= 7|
* Best solution

- E|= = OpenGL-ES Extension2
* Plan B

- OpenGL-ES extension A2 A,

- DeviceO| A X| &ABHXA| = 89

[

JEWELTTE

function_ptr = (function_ptr*)
eglGetProcAddress(“glFunctionName”)

\//_

1
I
\"4

F2SIX| (o, £E9| optional EE= hardware dependent feature AFEA| F=O|GHC}
ol & featureZ} deV|ce01|A-| X JS=XE '||ﬂo|-
0= gt

S0 M= ALE0| F2fStCt

glAnotherFunction2(a,b,c)

/_
n
/7 \
7\
-7 \
, Yes No
If(function_ptr != null) K \
A \
- @ function_ptr(a, b, c); \
_-" N \
Yes Y No \ ‘\‘
\V > \|
function_ptr(a, b, c); \ ||
\
\ 1
1
\‘ A4
\ #else
v
glAnotherFunctionl(a,b,c)

glAnotherFunctionl(a,b,c);
glAnotherFunction2(a,b,c)

#endif

.




OpenGL-ES Extension At0f §2|3 A.

OpenGL-ES Extension 7|5 & £E7 device A2t X|St= 7| 5E0 L M= AFE G| F=2o|StHC}.

* Best solution

- E|= = OpenGL-ES Extensiong A
* Plan B

- OpenGL-ES extension A2 M, ol{ T feature 7t deV|ce01|A-| K| &SH=XE HAstn X|&
- DeviceO| M K| &SHX| = ER0= BtEA] 22U S 7250 app B0l 2| S{OFTH SHCt.

[ —

25X o, £E9| optional EE= hardware dependent feature AF2A| F=9|3ICt

function_ptr = (function_ptr*)
eglGetProcAddress(“glFunctionName”);

\//_ 7
4
7

1
1
A\ , Yes No
If(function_ptr != null) \?'
- O function_ptr(a, b, ¢);
Yes No
v

function_ptr(a, b, c);

#else
glAnotherFunctionl(a,b,c);
glAnotherFunction2(a,b,c);

glAnotherFunctionl(abc;, | |
b

glAnotherFunction2(a,b,c); #endif
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OpenGL-ES Extension At0f §2|3 A.

Compressed texture format

* ETC (Ericsson Texture Compression) by Ericsson.

* PVRTC (PowerVR Texture Compression) by Imagination
 ATC (ATI Texture Compression) and 3DC by Qualcomm

yr

Wave2 with PVRTC texture Wave3 with PVRTC texture
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OpenGL-ES Extension At0f §2|3 A.

Compressed texture format

* ETC (Ericsson Texture Compression) by Ericsson.

* PVRTC (PowerVR Texture Compression) by Imagination
 ATC (ATI Texture Compression) and 3DC by Qualcomm

glCompressedTexImage2D

PVRTC texture Fail to load PVRTC

SGX535 glTexImage2D




Compressed texture format

* ETC (Ericsson Texture Compression) by Ericsson.

* PVRTC (PowerVR Texture Compression) by Imagination
 ATC (ATI Texture Compression) and 3DC by Qualcomm

SGX535

SGX540

glCompressedTexImage2D

Fail to load PVRTC

glTeximage2D




OpenGL-ES Extension Al20f| &2

Compressed texture format

* ETC (Ericsson Texture Compression) by Ericsson.

* PVRTC (PowerVR Texture Compression) by Imagination
 ATC (ATI Texture Compression) and 3DC by Qualcomm

glCompressedTexImage2D

Fail to load PVRTC

glTeximage2D




OpenGL-ES Extension Al20f| &2

Compressed texture format

* ETC (Ericsson Texture Compression) by Ericsson.

* PVRTC (PowerVR Texture Compression) by Imagination
 ATC (ATI Texture Compression) and 3DC by Qualcomm

SGX535

SGX540 ' v
Normal Texture  Normal Texture

glCompressedTexImage2D

glTexImage2D

Appendix : Application Filtering by Market
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Shader programmingA| {2

Pre-compiled shader binary Al X|2F.

Shader source codeE text HE{Z X| 551
M=l shader binaryE ZHIZ GPUO|| ELfj=

= o
HF EH
o d-

Al A| shader souceES L ESHY GPUO| ELj= B8 CHA, offline 2t Y-S E3| Al

glShaderBinary(1, frag_shader, frag_bin_format, frag_binary, null);
glShaderSource(frag_shader, 1, frag_source, null);
glCompileShader(frag_shader);

glShaderSource(vert_shader, 1, vert_source, null);
glCompileShader(vert_shader);

program = glCreateProgram();

glAttachShader(program, frag_shader);

- shader program2 AA|ZtC 2 2Esl0] AMSLT| If20f,
shader programt SHEA| 2 E|QJACHH graphics hardwaredj|
AFTHQIO| shader binaryE A AMst 2= QIC}

- A3 Al mobile deviceE % &35} shader engine2]
arlthmet|c precisiong Z273g = QC

_ 71712+ oj41ad0] £t ©

Ct™
[E |

- text source codeE 7}X|1 RLO0{0f 57| =20 § B
storage?t memory, J2|1 memory bandwidth& XtX|BHC}.

- shader &3 A| 24 shader binaryE Y ESI 517 IS
AlZto| = _9_o|-I:|-

glShaderBinary(1, frag_shader, frag_bin_format, frag_binary, null);
glShaderBinary(1, vert_shader, vert_bin_format, vert_binary, null);
program = glCreateProgram();

glAttachShader(program, frag_shader);

- application A2t 174 0f| A shader program®| 2HEZ} &
K| 7] W20, application 2 A +HEES =L 5 QU

- text source codeZ} Ot bmary AOE0HE JHX| D 7|
O, memory bandwidth@} storage ZHO|AM 2 A 0|52 A
it

cH

- shader compiler= graphics hardware X|&tALO| 2t CH2 10
&Y HZEALS| M Z0|H 2t driver H{FOf 2t 2 ete|X| X5t=
427t ALt et E7 device 2 2 pre-compiled =l shader
binary (YHIH O 2 SGXA|2|X)9| AL Et7|7|0| M shader
programO| -d & X| Zt= B 7F LAstrt

- binary M4 Al ZH™ &l arithmetic precisionZHS AL,

| et @

- 7|7|2t O] Al %




Shader program@| EE 2 =%

Of2ff fragment shader source codeO| A|2] ZX|HE?

— Fragment shader source code from ConformanceTest11

#ifdef GL_ES
precision mediump float;
#endif

//mutiple line macros - test case.

#define test 5

#define t1 1

#define t2 2

#define token (t1+t2)

#define testl int sum =1; sum = test; sum = test+test;

#define test2 do{ testl sum = sum +token; sum = t2*t1; }while(sum<=0)

void main(void)

{
int test3=1;
testl
test2;
test3 = test;

sum = test3;




Shader program@| EE 2 =%

Of2ff fragment shader source codeO| A|2] ZX|HE?

— Fragment shader source code from ConformanceTest11

#ifdef GL_ES
precision mediump float;
#endif

//mutiple line macros - test case.

#define test 5

#define t1 1

#define t2 2

#define token (t1+t2)

#define testl int sum =1; sum = test;

m = test+test;

S1Xl OpenGL-ES2.09| specification0f| [[}=H,
do-while loop2 MEHMO| X|& CHA S Z driver
HZEAROA 7+ R X|{E ZHSHA] @=Lt
2k A, & shader source code= &£ shader
compilerof| Mt YAMO 2 compilez| 1 CHEE
9| shader compiler0fj M= compilek|X| Q11
compile errorgE A A|ZICH.

#define test2 do{ testl sum = sum +token; sum = t2*t1; }while(sum<=0)

void main(void)

{

int test3=1;
testl
test2;
test3 = test;

sum = test3;




Shader program2| & 2 &+

Of2ff fragment shader source codeO| A|2] ZX|HE?

#ifdef GL_ES
precision mediump float;
#endif

31X} OpenGL-ES2.09| specification0]| [}=MH,
do-while loop2 MEHMO| X|& CHA S Z driver
— Fragment shader source code from ConformanceTest11l HIZEALO A 78 U K|S ZH|SHK| S=Cf.
[r2FA, sHE shader source code= 5 shader
compilerOj MZt H&E S = compilez| 1 [HEE
9| shader compiler0fj M= compilek|X| Q11
compile errorgE A A|ZICH.

=

//mutiple line macros - test case.

#define test 5
#define t1 1

#define t2 2

#define token (t1+t2)
#define testl int sum =1; sum = test; gum = test+test;

#define test2 do{ testl sum = sum +token; sum = t2*t1; }while(sum<=0)

void main(void)

{

int test3=1;
testl
test2;
test3 = test;

sum = test3;

1. Specification& @ 2 driver X|&tAL0| &=
SHA| are MEEQl K| AFSHE.

2. GPU/driver H|ZFAFO|A] E hardwaredj| A

s=. (eg. vector-wise operations)

otl= 7|52 oM Ho|st shader programQ| &l




OpenGL-ES API Al2 A| Auto-scaling 7|5 A2 XHN|e ZA.

bada E21E0|A{2| Multiple screen support

- Device screen sizelL} aspect ratio0f A2t¢10| st UXE X|&SSH7| 2t B

- android: Supporting Multiple Screens &= (http://developerandroid.com/guide/practices/screens support.html )

- appledt= ZH2| android®} badal| A $ LSt screen sizeE 7tX|= mobile devices0f| B XHZ|7| IO, SHH {2 =
application0] 2 & deviceS0|A LSt UXE H33H7| {6 A= multiple screen supportingS X| | OFZt SHCt.

.4|||
Create new event

Application Package

Al 12:45§
Create new event

HVGA

Appendix : Multiple Screen Support of bada Auto-scaling



http://developer.android.com/guide/practices/screens_support.html

Sehd S QS TE{ALE

OpenGL-ES API Al2A| Auto-scaling 7| A2 XHN|e A

=XH
- Application A3 Al loading &l Resourcel| &Ef (E3| texture2| A7|)E 7HLX}7F 7L S= IPHO M & o= GiCL.

= T HA

POT texture
256x256

B N |

er R WVGA
5 e B 256x256 Display: 480 x 800
BE &R POT texture AspectRatio is 3:5

Application Package

WVGA
Display: 480 x 800
AspectRatio is 3:5

@)
bada
171x154 ~ HVGA
NPOT texture Display: 320 x 480

AspectRatio is 2:3




D2td= e

—

OpenGL-ES API Al2 A| Auto-scaling 7|5 A2 XHN|e ZA.

=M=
- Logical coordinate®} physical coordinatel| =-&.

SAMSUNG

glDrawElements

<€ >

glFrustum, glOrtho

<€ =

glViewport, glScissor




OpenGL-ES API Al2 A| Auto-scaling 7|5 A2 XHN|e ZA.

=M=
- Logical coordinate®} physical coordinatel| =-&.

view port A3 A,

R int x, y, width, height; R Devigg e .
GetAppFrame()->GetFrame()->GetBounds(x, y, width, height);

glDy // auto-scaling 7|5 onA|,
// width, height= logical coordinate®jA{2| Zt0| S0{Z.
glViewport(0, 0, width, height);

<€ =

glViewport, glScissor




2D drawing API2} OpenGL-ES APIE =

E 285%

« 2D drawing APIE AFE3}7| 2|8l auto-scaling 7|
* Framebufferd| & 25}= APIQl Canvas::LockO|L}

5. 2D drawing APIZ O|&3}0 CtE
2D primitives & Z0| 2L}

2. OpenGL-ES APIE 0|£3}0] 3D
objectE 1 ZICt.

1. Canvas:LockS &3l Form0f Cljst
framebuffer& 7}27|= pointerg
2 =Ct

\
1
A 1
\ I
\ ]
\ ,I 3. Form2| framebufferQ| Zt pixel=
S A EQ F, ST pixel=2 0|8
4. Canvas:DrawBitmap &£ 0|23} \\ ,/ oEI-O?blt?ap_;r AOHIigoFEf S
O ‘4-d&l bitmapz J1EICH Soo s
L}

= 1




2D drawing API2} OpenGL-ES APIE =

E 285%

« 2D drawing APIE AFE3}7| 2|8l auto-scaling 7|
* Framebufferd| & 25}= APIQl Canvas::LockO|L}

5. 2D drawing APIZ O|&3}0 CtE
2D primitives & Z0| 2L}

2. OpenGL-ES APIE 0|£3}0] 3D
objectE 1 ZICt.

1. Canvas:LockS &3l Form0f Cljst
framebuffer& 7}27|= pointerg
2 =Ct

\
1
A 1
\‘ I’
\ ,I 3. FormQ| framebuffergl Zt pixel=
\ 2 AN EQl B, B pixelES 0|2
4. Canvas:DrawBitmap &£ 0|23} \\ ,/ oEI-O?blt?ap_;r AOHJgOPEr == e
of 4dE bitmapS 1 EICH So -’
~

Oo

= 1




2D drawing API2} OpenGL-ES APIE =825l A ALK T A.

JEE
- 2D drawing 1} OpenGL-ESE &t 5| 22510 AtE %Lt
- OpenGL-ES+ off-line rendering Of| 2t AF&. (ex, glReadBuffers)

ot
- 2D drawingA| off-line rendering®| Z1t= bitmap= O|&3tC}.

4.2D drawmg APIE 0|8%}0] Ct2

- = 235
2D primitiveS & 2¢0| J12ICH 2. OpenGL-ES APIZ 0|23}0] 3D

objectE 1 ZICt.

A
\
\

3. Canvas:DrawBitmap &2 0|83} %
O pixmapdt HZAE bitmapE 1 2ICt SO

-~

1. eglCreatePixmapSurface £ 0|&
SHOf pixmap= 4 gotCt.
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Application®| 452 XXz} 510], CtE deviceOA| & E|EEtE H&4 XIO|2 QIS AFEXL ZH-O| HHYX| X =5 iC
- £% DeviceZ 9[3t 2 X3t TS XY
- E™ mobile deviceOf CHEHA] X|HTIE A|ZSHX| L1, B = deviceQ A SLUSHA MEXEE X HFIE A|ES A
- EAN F5EH devicem 50| 7 H2 A2 SHE 7S A
Application0] A2tet 2|7t ACIEtE £ SHEQY0f AFYO R sl AT 4= YoM, 0] B HfT 2= = AY

9| deviceO| Al 2ASHA ElLF.

State S 7|3}E OF7|sl= APIE %A%} & A.

State &7|2}& Of7|d}= API=
: glFinish, glFlush, eglSwapBuffers, glReadPixels, glCopyTexImage2D, glCopyTexSublmage2D &.

off msoFgt St=7t?
: state S 7|37 wAISHH, S A™O|A gl command queue 0] = BE gl commandE€ ZNE B H2|5EE it
0|2t 20| gl commandE2 ZHNE H&st= o0 CtSar 22 X 7f oF7| & L

s SUHHHO| B2 gl commandZt ML= WO 3HHO| HEZALE frame skippingO| 2 it 4= QUL Low end device
of 32 o2 Bz HAO| BIHSLE MZFSHA| LT 4

o Ol =
_ AA

—
Z st

« GPUZ} LY. X = ulErslol HEHE Ol A4 &2 MBHA|ZICE Low

* GPUR| ZALDICH driverZ0j 4| GL 3-8 T#5H W #O|Lt 3120 behaviord| ZZ% X}0|7} Lo, £ GPUO| A&
| 5HS WA Aurxol Aot KH0|S £ FPUt QUCF o9 e

Sk dd S ?loll stateE F7|=t Al7|= P52 HE dAS LU
o G4 2| XtO[= application2] O|A-g0| FX| Xt FeF= 7| EICt




O

Z|Chet =0

mujn

glDrawElement2} glDrawArray= AH=H2FO| memory AALS 2O 7|7| 20 T =F50|H SE9| 3l
memory A4 2I=5 Z0| & BtCf

| memory GAtS 2o 7|7| IE20f sound playL} g-sensor HE 2& &
A

glDrawElement2} glDrawArray S = A| 2E &0

CHES| HEI @1 T A YUS T S MEfofN siY &7t @ZE|H bus speed®@t bandwidth $HA 2 Q15 =53 A
O| 2t isl7| &ICt o|2{3t HEHAS XA} 67| I8 & == 0|™H glDrawElement, glDrawArray &9 = A|MES CHEt
O E7I 21 7h= A Y= EoEy S & it

eglSwapBuffers S & 3|48 Z|C{st Zlc}

. eglSwapBuffersgt = stateE 7|3} A|7| = APIZ, & Al GPU-CPUZL SA0| &Y S TSt gl command=2 N
2|5t= PHO0M MEZ gl callo] ZSHH =7t 2 = stallO] LSHA EICh MF2fA gl commands?7t =& &0l S0tH0l=
CPUZL 2t S TIHSIEE SIEE 5t stall2 Y0 &Y 282 0|5 SljOFSiCt 0|QF 22 A|ESZ JHYX7L 7| = &
X X[2H dut™ oz BE gl callg 2EPH ¥ OFX[L 2 2 eglSwapBuffersE @ E5h= 0| 7H SOt LM ULt

fragment shader program?| %| X 3}0j| %|CH$t & XIStC}.

: QHtX © 2 shader0f| oA X 2| &|= vertex 7= ECt pixel 7§57t &M BECH E3| device?t
vertex7| 0= & B3t7} QIX|B pixelQ| == A A #3}5H7| Lf-F0f device?t application &
MEtAM ds ZMHo| A2l deviceZt T2H4A/0|Al M2 2|8l fragment shader2| %| X 5tof %|CHs A4

M ALO| =7t RS2t
2 g2 7 X|A =L
S M1, vertex shader2}

t
|
9

(=)
o
7

oo ~T
pixel shader FZ O 2 71¢i 7158t Yd12|F 2| AR0|&= vertex shaderZt X 2|5l =& SHCt.

Zt screen size®H 2 XSl texture sizeS ZH 50| HHSH textureE 0|28 = QY & T}
:0|EMO 2 JIE £2 texture size= renderingA| texture2| one texelO| display device2| one pixel0f| LS &|= HAO|LC}
2} screen size @ 2 MYt textureS load & 4= Y= E ZE resource £ XS 3Lt multiple APK supportet 20| &

M

application0f| CHdH ==9| application packageE F=H|S|= & StC}.




2|8 Game engines 7

Game engine®| APIQ| LiE S} HiAlS THOtsi A AR E A,
- HAIZ HPES EX

.T)L«.-’l e?./fu,(,f\e.
o




2|5 Game engine2 7|45}

Game engine®| APIQ| LiE S} HiAlS THOtsi A AR E A,
- HAIZ HPES EX

.TJM)I e,?,/fu,(/\e.
(U

= SN A SR




2|5 Game engine2 7|45}

Game engine®| APIQ| LiE S} HiAlS THOtsi A AR E A,
- HAIZ HPES EX

.TJM)I e,?,/fu,(/\e.
(U

&)

A S A=




Game engine®| APIQ| Lij &£

- A HRIES 2A|
A=A

+ strcat L 1+ XE &
- Game engine APIL{ L &
L o71X =t d5 N
2. 07| x| 2o Sy

o
22
ex) Texture MEH E.

&)

A+ OF
=

Ho 2 ol

+ strcat() %

+ FAISH A 2? S stringQ| lengthE& A&t 74X 0 =Lt
X 2ot JEHOM AESHE EF

A2 IjOISIX| 23t AFR S}

Hme

o

/Pu)l.ez;'u,(/'\e.
(U

—
o= blgs o= ALE




OpenGL-ESE 0| &73}0] 7HEStE a0l M 28d/0[48 =0 FM 8.

- OpenGL-ES extension AL A| F=0|& 7|80 =AM Q.

- E Graphics hardware 0| A H&5l= 7|2 S ES0|H I3 M K.

-2 715 AFBAl X[H RS 2015, X|JEX| e R0 = R2ALEE HEH M.
- Shader programmingA| @ 2H4d/0|AINH S A A M1 Z=N L.

- OpenGL-ES API At A| auto-scaling 7| & AFE S AHA|SH M 2.

- 2D drawing APIQ} OpenGL-ES APIE =& 5| X| I:IM1|R.

- Application ‘g5 =X 30| 41F M =M K.

- 2|5 Game engine A A| ZAISHA ALES FAM 2.



Qof

OpenGL-ESE 0| &73}0] 7HEStE a0l M 28d/0[48 =0 FM 8.

- OpenGL-ES extension AFEA| FO|E 7| &0 M L.
- E3 Graphics hardware Q| A X &5l 7|2 | =S50|H I3 .

- W 7|5 AHEAl X[ & O & E 2o, XA X| e d%0= f2LHES NS FAM K.
- Shader programmingA| §§,_PH/O|M¢;% MA M FML.

- OpenGL-ES API AFE A| auto-scaling 7| & AtE2 XA =M .

- 2D drawing APIQ} OpenGL-ES APIE =&} X| OtAM| 2.
- Application d& Z|& 210 MA M FH L.

- Q|58 Game engine AFE A| ZAMBIAM ALED] M 2.
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Application Filtering by Market

Compressed Texture Format

Application packageO| A A3t Q= compressed texture formatO] [}2} application2 filteringdt0] AL XFO|A| K| 3.
- cf) OFE 20| E2| Multiple APK support 2t 8 At

—| Samsung Apps (Server)

--------------------------------- T el
J 1 1

_______________ e e %

- - !
E_Appl|cat|ons upload ! PVRTC ATC Raw Image




Application Filtering by Market

Compressed Texture Format

Application packageO| A A3t Q= compressed texture formatO] [}2} application2 filteringdt0] AL XFO|A| K| 3.
- cf) OFE 20| E2| Multiple APK support 2t 8 At

—| Samsung Apps (Server)

& W

PVRTC ATC Raw Image

________

~

Samsung Apps (Client)

Graphics Device Info.
Vendor. Imagination Co.
Renderer. PowerVR SGX 540
GL Version: OpenGL-ES 2.0
GL Extensions: GL_IMG_texture_compression_pvrtc




Application Filtering by Market

Compressed Texture Format

Application packageO| A A3t Q= compressed texture formatO] [}2} application2 filteringdt0] AL XFO|A| K| 3.
- cf) OFE 20| E2| Multiple APK support 2t 8 At

—| Samsung Apps (Server)

Raw Image

Samsung Apps (Client)

Graphics Device Info.
Vendor. Imagination Co.
Renderer. PowerVR SGX 540
GL Version: OpenGL-ES 2.0
GL Extensions: GL_IMG_texture_compression_pvrtc




Application Filtering by Market

Compressed Texture Format

Application packageO| A A3t Q= compressed texture formatO] [}2} application2 filteringdt0] AL XFO|A| K| 3.
- cf) OFE 20| E2| Multiple APK support 2t 8 At

—| Samsung Apps (Server)

&) ¥ W

PVRTC ATC Raw Image

_____________________________

Samsung Apps (Client)

PVRTC




Wave series

Wave series

/— High tier 4\ /— Mid tier 4\ /— Low tier 4\

WaveM
BCM21553 (Broadcom)
320x480 (HVGA)

= \Wavell
SGX540 (Imagination co.)
480x800 (WVGA)

win:Ea-

‘TIECIR |
- HOH  Xha !

J
)

Wavelll
Adreno205 (Qualcomm)
480x800 (WVGA)




Multiple Screen Support of bada

Auto-scaling & Layout

Auto-scaling
: 3tH AFO| =0 XA resource®| A 7|L} Ul control & XSO 2 R F= 7|=.
Layout

: Mobile device 2} AtO|=L} o} H|E0] 7t O{EE[=5 Ul controlzS Z&E5I0] AFEX0A 2% UIE HS.

Create new event

Application Package

12:45

Create new event

HVGA




