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EGL Functions (1)

« Communicating with the Windowing System

— Native windowing systemi} OpenGL ES &8 1}2| communication channel 444
- EGL W& XtE = =7|2}

iEGLDisplay display = eglGetDisplay(EGL_DEFAULT DISPLAY);
:EGLlnt major, minor;
.eglInltlallze(dlsplay, &major, &minor);

« Determining the Available Surface Configurations
— B E surface configurationg 7} X2t &80 surface 27
« eglGetConfigs(), eglGetConfigAttrib()
— EGL systemO| 7}%& A ettt surface configurationg 278
+ eglChooseConfig()

EGL_RENDER_TYPE, EGL_WINDOW_BIT, i
EGL_RED SIZE, 8, !
EGL_GREEN_SIZE, 8, |
EGL_BLUE SIZE, 8, |
EGL_DEPTH_SIZE, 24, i
EGL_NONE !
yi !

1 EGLConfig config;
! EGLint numConfigs;

. eglChooseConfig(display, configAttribs, &config, 1, &numConfigs);
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EGL Functions (2)

Creating an On-Screen Rendering Area: The EGL Wlndow

EGLSurface window =
eglCreateWindowSurface(display, config, nativeWindow, NULL),.

Creating an Off-Screen Rendering Area: EGL Pbuffers
— pbuffer (short for pixel buffer) : nonvisible off-screen surfaces
— eglCreatePbufferSurface()

Creating a Rendering Context and Making an EGL Context Current

const EGLint contextAttribs[] =

{
EGL_CONTEXT CLIENT VERSION, 3,

EGL_NONE
}i

iEGLContext context = i
eglCreateContext(display, config, EGL_NO_CONTEXT, contextAttribs);!

eglMakeCurrent(dlsplay, window, window, context);

Displaying the Framebuffer on the Screen
— eglSwapBuffers(display, surface)
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OpenGL ES 3.0 Graphics Pipeline (1)
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X The images are from the reference[4
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OpenGL ES 3.0 Graphics Pipeline (2)
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OpenGL ES Shading Language

C-style's programming language to give data processing
commands to OpenGL ES Pipeline

— Similar to OpenGL Shading Language (GLSL)

— Supported from OpenGL ES 2.0 (fixed-function pipeline is eliminated)

Language Features
— Data Values, Types, and Variables
— Data Operations
— Conditions and Loops, Functions
— Preprocessor Directives & Macros 533: Flont fade Fantor;

(#version 300 es

1

iuniform float timer;
1

'layout(location = 0) in vec3 position;

iVQld main()

i{
Difterences from C Language | Seimonrd = posttionsay. » wedi(h.0) -+ TR0

. fade factor = sin(timer) * 0.5 + 0.5;

— No Pointer
— Added Vector and Matrix
— Interface to Shader

< Vertex Shader Source >



15th Kandroid Conference

Data Values & Types

Scalars
— boolean (true, false) : bcol
— integer number : int, uint to access vector components
— floating-point number : float - x: the first element
Vectors Y the sepond element
floati e vec) 3 g4 i 7 the third element
_ f oatlng—pomt ..vec . Yec , vec | W * the fourth element
— Integer : lvec?, ivec3, ivec3 - (eX) V.X, V.XYZW, V.yw

— boolean : bvec2, bvec3, bvec4
Matrices (element is a floating-point number) // column-major order

—————————————————————————————————————

— 2X2 matrix : mat2 = mat3 m;

— 3x3 matrix : mat3 - m[0] // the first column
, ' m[1] // the second column |

— 4x4 matrix : mat4 ' 'm[2] // the third column

_____________________________________

— mxn matrix (m : column, n: row) : matmxn
Samplers (handles for texture lookups) // function pointer
— access a one-dimensional textures : samplerlD

— access a two-dimensional textures : sampler2D
— 9
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Data Values & Types, Variables (1)

» Structures & Arrays
— similar to C, bit-fields are not supported

« Declarations, Initializers, and Constructors
— similar to C++

————————————————————————————————————————————————————

vec3 vl | vecd v4 = vec4(1.0, 2.0, 3.0, 4.0);

vl = vec3(1.0, 2.0, 3.0); - vax// 10 |

| - v4xy // (1.0, 2.0)

vec3 v2 = vec3(4.0, 5.0, 6.0); - vAwzxy // (4.0, 3.0, 1.0. 2.0)

V1[2] = v2[2]; Cjvaxx /70,10

Vec3 V3 = vec3(70) | stutlont (- ect poinsl,
‘mat2 ml = mat2(L0, 20, 30, 40);, | vec3 color; P e T veA) 8

' mat2 m2 = mat2(vl.xy, v2.yz); Y a; | L_F_) ______________________________
““““““““““““““““““““““““““““ light b;

______________________________________________________

10
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Data Values & Types, Variables (2)

« Type Conversions

e oL - bool b = true;

float f = 2.3; |
. float f = float(3);
bool b = bool(f); float g = float(b);

vec4 vV = vec4(2)

______________________________ /[OpenGL ES Application}\

* Qualifiers and Interface to a Shader
— uniform : 49| BI&}IX| %= G| 0|H, o uniform
shaderLjOf| A| writing 9=l
_ in, out : shader O}C} o|O|3H= H}7} CHE Vertex Fragment
. L ALA Tt Shader Shader
— const : shaderlLJO| A AFEE| = A= )

out N out

in float Temperature; ; R
“const int NumLights = 3; | Q OpenGL ES Pipeline J/
“uniform vec4 Ipos[NumLights]; |

____________________________________________________

11
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Data Operations

| Bit-wise inclusive or

&& Logical and

Operator Description ! . Operator Description :
0 Parenthetical grouping L Aa Logical exclusive or !
[] Index . .
. | Logical inclusive or :
0 Function call and constructor | i
Member selection and swizzle | L9 Selection
++ -- Postfix increment/decrement !
s Assignment !
++ -- Prefix increment/decrement | | . . " :
Lo = e e Arithmetic assignment |
+- ~! Unary b :
i R — :
*/ % Multiplicative L &==|=
+ - Additive ! | , Sequence |
<< >> Bit-wise shift i B A I, '
< > <= >= Relational
== I= ualit :
! Equality !
& Bit-wise and
n Bit-wise exclusive or

* The image is from the referencel[2]. 12
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Examples of Data Operations

‘vecd v = vec4(1.0, 2.0, 3.0, 4.0); |

float f = v[2];

'mat4 m = mat4(3.0);
- vecd v;

v = ml[1]; // (0.0, 3.0, 0.0, 0.0)

float f;

v=u+f//vx=ux+f .
W=V + U //WX=VX+UX ...

_____________________________________________

______________________________

______________________________

v *u = (20%.0, 3.0%5.0)

v*m =]
‘m*v=]

im*n

2.0 1.0 + 3.0 = 2.0]
2.0%3.0+ 3.0%4.0

1.0 % 2.0+ 3.0 = 3.0]
20x2.0+4.0%3.0

u= (4.0, 5.0)
1.0 3.0]
20 4.0

__________________________

_[1.0%50+3.0%60 10*10+3n*aq§
2050 +40%60 2.0%7.0+4.0 %80

_________________________________________________________________________
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Conditions and Loops, Functions

 Conditions (similar to C++)
— if, if-else, ?:
— a variable cannot be declared in the if statement
— discard : prevents a fragment from updating the framebuffer

* Loops (similar to C++)
— for, while, do-while
— break, continue

* Functions (similar to C++)
— main function
— qualifiers for formal parameters
* in: copy in but don't copy back out
« out : only copy out
* inout : copy in and copy out
« const : no writable

— built-in functions : sin(), cos(), ...
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Compiling and Linking Shader Source
(in Runtime)

( Vertex [ Vertex )
Shader Shader
\_source ) Shader \__Object ’\ Shader Shader
Fragment ) Compiler ”Fragment\/ Linker Program
Shader Shader |
_ Source _ Object - CPU
glCreateShader() : shader buffer object /4 GPU
\V/
glShaderSource() : 2XI'E shader sourceE Shader
shader buffer objectZ A= Program

glComipleShader() : shader source ZH I}
glGetShaderiv() : Ao Za}p =+l
glCreateProgram() : shader program object 24
glAttachShader() : shader buffer objectE shader program object0f ™24
glLinkProgram() : AZ =l shader object52 & Z S0 shader program 24 /M
glGetProgramiv() : &Z Z1t =9l

glUseProgram() : shader program= GPUO| ELf pipelinelA AtEL| == 3:1
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Example of Compiling and Linking

v_shader = make shader(GL_VERTEX SHADERGLUlnt make program(GLuint vertex shader, GLuint fragment shaderr

f shader = make shader(GL_FRAGMENT SHAD

Il

GLint program ok;

program = make program(v_shader, f shad Y T va——

gliaeRragran| pEOGRAN] ) i glAttachShader(program, vertex shader);

glAttachShader(program, fragment shader);
glLinkProgram(program) ;

glGetProgramiv(program, GL_LINK STATUS, &program ok);
if (!program_ok) {
fprintf(stderr, "Failed to link shader program:\n");
glDeleteProgram(program);
return 0;

}

return program;

GLint length;

GLchar *source = file contents(filenam
GLuint shader;

GLint shader_ok;

if (!source)
return 0;

R o o e e

_______________________________________________________________________________

shader = glCreateShader(type);

glShaderSource(shader, 1, (const GLchar**)&source, &length);
free(source);

glCompileShader(shader);

glGetShaderiv(shader, GL_COMPILE STATUS, &shader ok);
if (!shader_ok) {
fprintf(stderr, "Failed to compile %s:\n", filename);
glDeleteShader (shader);
return 0;

}

return shader; 16



Vertex Shader

4 N
Vertex Vertex
Attributes Shader
- A/
GLfloat vertices[][3] = {.
. { 0.0, 0.0, 0.0}, | P
. { 1.0, 0.0, 0.0},
. { 1.0, -1.0, 0.0 }, :
. { 0.0, -1.0, 0.0 },
}i :
“““““““““““““““““““ . (00,00, 00)
'$#version 300 es | (10, 0.0, 0.0)
ilayout(location =0) i (1.0, -1.0, 0.0)
| |

in vec3 position;

ivoid main()
i{

gl Position =

' (0.0, -1.0, 0.0)

A e ettt 9

Vertex
Shader

User-Defineo
Variables
Built-In
Variables

e e e e

(0.0, 0.0, 0.0
(0.5, 0.0, 0.0)
(0.5, -0.5, 0.0)
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/[ OpenGL Application ]\

in uniform
Vertex Fragment
Shader Shader
out In out

\[ OpenGL Pipeline ]/

(0.0, -0.5, 0.0) !

vec4 (position.x*0.5, position.y*0.5, position.z, l.O);E

17
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Fragment Shader

f[ OpenGL Application J\

e R\ in uniform

Color ragmen

Fragment e W e
Variables Shader out in out

\_ Y, Variables K[ OpenGL Pipeline }/

-

B o Fragment \
‘out vecd4 FragColor; Shader
i
i

'void main()
{
FragColor =

vec4 (0.0, 1.0, 0.0, 1.0);

_______________________

18



15th Kandroid Conference

Vertex Arrays, Buffer Objects, and
Vertex Attributes

buffer[2] @ Vertex @
) | Buffer Object layout (location = 0) in vec3 position;
| vertex array | uniform float gFactor;

. @ _______ Vertex Element |2
_Index array | Buffer Object

@J@{

J

Vertex Shader

uniform id

uniform ]

glGenBuffers() : buffer objects M

glBindBuffer() : buffer object Et®] Z27 (array_buffer, element_array_buffer, ...)
glBufferData() : array dataE buffer objectE E A}

glDrawArrays() : buffer objectQ| vertex array datadj| C{SIC]| rendering
glDrawElements() : vertex element array?} 7+2|7|= data0f C{3SHO] rendering
glGetUniformLocation() : shader program@| uniform H== 2| X| 7t &
glUniform1f() : shader program@| uniform B0 £} &
glVertexAttribPointer() : vertex attribute@} 22 =l vertex buffer object 32
glEnableVertexAttribArray() : vertex attribute At
glDisableVertexAttribArray() : vertex attribute AFESHA| A3

BLOEOOOVW®WO O

19
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Viewing, Modeling, and Projection

With a camera With a computer

54

Positioning the
viewing volume
in the world

-‘ﬁl

Positioning the
models in the

Determining
the shape of
the viewing
volume

X The image is from
the reference[1].
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Drawing a Cube (1)

i// [0] : array buffer, [1] : element bufferi . Eac
|GLuint buffers[NUM_BUFFERS]; | 6 ~ 3

GLint uniform mvp;

glm: :matd4d MVP;

GLfloat vertices[][3] = {
{-1.0, -1.0, -1.0},
{1.0, -1.0, -1.0},
{1.0, 1.0, -1.0},
{-1.0p 1.0, -1.0}),

o\

{-1.0, -1.0, 1.0}, void make mvp()

{ 1.0, -1.0, 1.0}, {

{1.0, 1.0, 1.0}, glm::mat4 Projection =

{-1.0, 1.0, 1.0} glm::perspective(45.0f, 4.0f / 3.0f, 0.1f, 100.0f);

r 1
} i glm::mat4 View =
GLubyte indices[] = { ! glm::lookAt(glm::vec3(4, 3, -3),
0, 1, 1, 2, 2, 3, 3, 0, E
2y 3, 3, 7, 7, 6, 6, 2, i
4! 5! 5' 6' 6! 7' 7! 4! :
0, 1, 1, 5, 5, 4, 4, 0, i
1, 2, 2, 6, 6, 5, 5, 1, i
0, 3, 3, 7, 7, 4, 4, 0 i

glm::vec3(0, 0, 0),
glm::vec3(0, 1, 0));

glm::mat4 Model = glm::matd(1.0);

-

Projection * View * Model;

+ uniform mvp = glGetUniformLocation(program, "MVP");

< OpenGL ES Application >
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Drawing a Cube (2)

glClear(GL_COLOR_BUFFER_BIT);

glUniformMatrix4fv(uniform mvp, 1, GL_FALSE, &MVP[0][0]);
glBindBuffer(GL_ARRAY BUFFER, buffers([0]);

glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, sizeof(GLfloat)*3, 0);

glEnableVertexAttribArray(0);

glBindBuffer(GL_ELEMENT ARRAY BUFFER, buffers(l]);

glDrawElements(GL_LINES, 48, GL_UNSIGNED BYTE, (GLvoid*)0);

layout(location = 0) in vec3 position;
uniform mat4 MVP;
void main()

{

gl Position = MVP * vec4d(position, 1.0);

< Vertex Shader > -
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Using Textures in a Shader

Texture @
[ Texture } ----- @ Buffer Object | @

Images

.

N

! LX)
N

P RS,
A . Texture @
[ textures|] ]‘ @ {Buffer Object} @

glGenTextures() : texture buffer objects 4 M
glBindTexture() : texture buffer object E} 2 (2D, 3D, ...)
glTeximage2D() : 2D O|O|X| £ texture buffer object2 2 Y
glTexParameteri() : texture2| filtering mode 27

gIActiveTexture() : HAXH Q| texture unit 27 (0, 1, ...), Ct=0] glBindTexture()
E o=l ST texture unitQ| buffer obJect bmdmg

texture() fragment shaderO A At L= &2 Sl|E fragmentQ| texture
data (color 4}) 7} =

23
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Fading a Textured Image (1)

GLuint make_texture(const char *filename)

{

int width, height;
void *pixels = read tga(filename, &width, &height);
GLuint texture;

glGenTextures(l, &texture);
glBindTexture(GL_TEXTURE 2D, texture);

glTexImage2D :

( EGLint uniform textures[2];
GL_TEXTURE_2D, 0, /* target, level #/ ; -

GL_RGBS, i 1gternal format */ \GLfloat vertices[][4] = {
width, height, 0, /* width, height, border ! § =140, =105 0,04 1a0);
GL_RGB, GL_UNSIGNED BYTE, /* external format, type ! { 1.0, -1.0, 0.0, 1.0},
pixels /* pixels */ ' { 1.0, 1.0, 0.0, 1.0},
)i .\ { -1.0, 1.0, 0.0, 1.0}

glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE MIN FILTER,
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE MAG_FILTER,
glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE WRAP S,
glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE WRAP T,

free(pixels);
return texture;

E// [0] : array buffer, [1] : element buffer
'GLuint buffers[NUM_BUFFERS];

iGLfloat timer =

iGLuint textures([2];

GLj}'
GL'
L 1

GL_CLAMP_TO EDGE);

< OpenGL ES Application >

Fm————

0.0;
EGLint uniform timer;

<GLubyte indices[4] = {0, 1, 2, 3};

TS AR RARE T AT T AT SRS CF )

____________________________________

24
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Fading a Textured Image (2)

'void makeTextures() ! i

i { | i
.  textures[0] = make_ texture("hellol.tga"); | :l
i textures[1l] = make_texture("hello2.tga"); i :

' uniform_textures[0] = Lo

| glGetUniformLocation(program, "textures[0]"); i iv
' uniform_ textures[l] = ! :{
i glGetUniformLocation(program, "textures[1l]"); i E

i uniform timer = glGetUniformLocation(program, "timer");i E
e o
iif'o'ia"féh'ciéi:'(ééb’dﬂ%&{'ié's'c'éﬁ't'éi't')"""""""""""""""""“5} L
1 1

glUniformlf(uniform_timer*0.0001, timer);

glActiveTexture(GL_TEXTUREO);
glBindTexture(GL_TEXTURE 2D, textures[0]);

layout(location

glActiveTexture(GL_TEXTURE1);

glBindTexture(GL_TEXTURE_ 2D, textures[l]); 'void main()
glUniformli(uniform_ textures([1l], 1); {
' gl Position =
| fade factor =
glDrawElements(GL_POLYGON, 4, GL_UNSIGNED_BYTE,:}

< OpenGL ES Application >

n float fade factor;
in vec2 texcoord;

out vecd FragColor;
oid main()

FragColor = mix(

= 0) in vec3 position;

glUniformli(uniform_ textures(0], 0); 'out vec2 texcoord;
out float fade_factor;

vecd4 (position, 1.0);
texcoord = position.xy * vec2(0.5) + vec2(0.5);

texture(textures[0], texcoord),
texture(textures[l], texcoord),
fade_factor

X mix(x, y, a) : x*(L.0-a) + y*a

sin(timer) * 0.5 + 0.5;
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A

* OpenGL ES Shading Language and Shader
— EGL & OpenGL ES 3.0 Graphics Pipeline
— OpenGL ES Shading Language
— Compiling and Linking Shader Source
— Vertex Shader
— Fragment Shader
— Using Textures in a Shader

e Patterns of Shaders in Android

— Simple Pattern in Screen Recorder Command
— Extensible Pattern in Mobile Filter Framework
— Flexible Pattern in SurfaceFlinger and HWUI

26
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Simple Pattern in Screen Recorder Command

frameworks/av/cmds/screenrecord/Program.cpp

1

// Simple vertex shader. Texture coord calc includes matrix for :

// GLConsumer transform.

static const char* kVertexShader = :
"uniform mat4 uMVPMatrix;\n" 1
"uniform mat4 uGLCMatrix;\n" '
"attribute vec4 aPosition;\n" N
"attribute vecd4 aTextureCoord;\n"
"varying vec2 vTextureCoord;\n"
"void main () {\n"

// Trivial fragment shader for mundane texture.
static const char* kFragmentShader =

1
1
i
1
! "precision mediump float;\n"
" gl Position = uMVPMatrix * aPosition;\n" ! "p ) P .
_ ! varying vec2 vTextureCoord;\n
1
1
1
1

1

1

1

1

1

1

1

= 1 * . " 1
vTextureCoord (UGLCMatrix aTextureCoord) .xy;\n "uniform sampler2D uTexture;\n" :
1

1

1

1

1

1

1

1

Hn"; "void main () {\n"
------------------------------------------------------------- " gl FragColor = texture2D (uTexture, vTextureCoord) ;\n"
/" gl FragColor = vec4 (0.2, 1.0, 0.2, 1.0);\n"

"}\1’1";

1

: // Trivial fragment shader for external texture.

: static const char* kExtFragmentShader =

1 "#extension GL OES EGL image external : require\n"
' _ — _ —

1
1
1
1
1
1
———————————————————————————————————————————————————————————— 1 "precision mediump float;\n" H
"varying vec2 vTextureCoord;\n" :
1
1
1
1
1
1
1
1

status_t Program::setup (ProgramType
ALOGV ("Program: :setup type=%d", type);
status_t err;

1

1

' "uniform samplerExternalOES uTexture;\n"

! "void main () {\n"

! " gl FragColor = texture2D(uTexture, vTextureCoord);\n"
mProgramType = type; ! "I\n";

GLuint program;

if (type == PROGRAM TEXTURE 2D) {
err = createProgram(&program, kVertexShader, kFragmentShader) ;
} else {

err = createProgram(&program, kVertexShader, kExtFragmentShader);
}
if (err != NO ERROR) {
return err;
}
assert (program != 0);

27
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Extensible Pattern in Mobile Filter Framework (1)

frameworks/base/media/mca/filterfw/java/android/filterfw/core/ShaderProgram.java
public ShaderProgram(FilterContext context, String fragmentShader) {
mGLEnvironment = getGLEnvironment (context) ;
allocate (mGLEnvironment, null, fragmentShader);
if (!compileAndLink()) {
throw new RuntimeException ("Could not compile and link shader!");
}

this.setTimer () ;

public ShaderProgram(FilterContext context, String vertexShader, String fragmentShader) {
mGLEnvironment = getGLEnvironment (context);
allocate (mGLEnvironment, vertexShader, fragmentShader);
if (!compileAndLink()) {
throw new RuntimeException ("Could not compile and link shader!");
}
this.setTimer () ;

frameworks/base/media/mca/filterfw/jni/jni_shader_program.cpp |
jboolean Java_android filterfw core_ShaderProgram allocate(JNIEnv* env, |
jobject thiz, :
jobject gl env,
jstring vertex shader, '
jstring fragment shader) { :

// Create the shader i frameworks/base/media/mca/filterfw/native/core/shader_program.h
if (!fragment shader || !gl env ptr) : class ShaderProgram {

I
I
1
1
1
1
I
I
I
I
1
1
1
1
I
:
| return false; ’/////,,——1—'_§EETTC>\\‘
' else if (!vertex shader) ' explicit ShaderProgram(GLEnv* gl env,
1
I
I
I
1
I
I
I
I
1
1
1
1
I
I
I
I
1
1
1

return ToJBool (WrapObjectInJava (new ShaderProgram const std::string& fragment shader);
gl_env_ptr,
ToCppString(env, fragment shader)),

ShaderProgram(GLEnv* gl env,
1 const std::string& vertex shader,
env, thiz, true)); : const std::string& fragment shader);
else :
return ToJBool (WrapObjectInJava (new ShaderProgram
gl env ptr, ! // The shader source code
! std::string fragment shader source ;
I std::string vertex shader source_;
: // The compiled shaders and linked program
' GLuint fragment shader ;
b oo - ! GLuint vertex shader ;
! GLuint program ;
1

ToCppString(env, vertex shader),
ToCppString(env, fragment shader)),

I

I

I

I

1

1

1

1

I

I

I

I

I

I

bool CompileAndLink();

I

I

I

I

I

I

env, thiz, true)); :
1
1
I
I
I
I
1
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Extensible Pattern in Mobile Filter Framework (2)

public class AlphaBlendFilter extends ImageCombineFilter {
private final String mAlphaBlendShader =
"precision mediump float;\n" +
"uniform sampler2D tex sampler 0;\n" +
"uniform sampler2D tex sampler 1;\n" +
"uniform sampler2D tex sampler 2;\n" +
"uniform float weight;\n" +
"varying vec2 v_texcoord;\n" +
"void main() {\n" +
vecd colorL = texture2D(tex sampler 0, v _texcoord);\n" +
vecd colorR = texture2D(tex sampler 1, v texcoord);\n" +
" float blend = texture2D(tex sampler 2, v texcoord).r * weight;\n" +
" gl FragColor = colorL * (1.0 - blend) + colorR * blend;\n" +

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1 "
1
1
1
1
:
| "}\n";
:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

public AlphaBlendFilter (String name) {
super (name, new String[] { "source", "overlay", "mask" }, "blended", "weight");
}

@Override protected Program getNativeProgram(FilterContext context) ({
throw new RuntimeException ("TODO: Write native implementation for AlphaBlend!");

}

@Override protected Program getShaderProgram(FilterContext context) {
return new ShaderProgram(context, mAlphaBlendShader) ;

android.filterpacks.imageproc.AlphaBlendFilter
android filterpacks.imageproc.AutoFixFilter

android filterpacks.imageproc.BitmapOverlayFilter
android filterpacks.imageproc.BlackWhiteFilter

android filterpacks.imageproc.BlendFilter

android filterpacks.imageproc.BrightnessFilter

android filterpacks.imageproc.ColorTemperatureFilter

' android filterpacks.imageproc.FillLightFilter
|
1
1
1
1
1
1
:
1
I android filterpacks.imageproc.ContrastFilter
1
1
1
1
1
1
1
1
1
1
1
1

android filterpacks.imageproc.FisheyeFilter
android filterpacks.imageproc.FixedRotationFilter
android filterpacks.imageproc.FlipFilter
android filterpacks.imageproc.GrainFilter
android filterpacks.imageproc.ImageSlicer
android filterpacks.imageproc.ImageStitcher
android.filterpacks.imageproc.Invert
android.filterpacks.imageproc.LomoishFilter
android filterpacks.imageproc.NegativeFilter
android.filterpacks.imageproc.PosterizeFilter
android.filterpacks.imageproc.RedEyeFilter
android.filterpacks.imageproc.ResizeFilter
android.filterpacks.imageproc.RotateFilter
android.filterpacks.imageproc.SaturateFilter

android filterpacks.imageproc.SepiaFilter :
android filterpacks.imageproc.SharpenfFilter '
android filterpacks.imageproc.StraightenFilter '
android filterpacks.imageproc.TintFilter !
android filterpacks.imageproc.ToGrayFilter '
android filterpacks.imageproc.ToPackedGrayFilter i
android.filterpacks.imageproc.VignetteFilter :
android filterpacks.ui.SurfaceRenderFilter '
android.filterpacks.imageproc.CropFilter !
android filterpacks.imageproc.CropRectFilter !
android.filterpacks.imageproc.CrossProcessFilter I
android filterpacks.imageproc.DocumentaryFilter i
android.filterpacks.imageproc.DrawOverlayFilter :
android filterpacks.imageproc.DrawRectFilter '
android.filterpacks.imageproc.DuotoneFilter !

android.filterpacks.ui.SurfaceTargetFilter
android.filterpacks.videoproc.BackDropperFilter
android.filterpacks.videosink.MediaEncoderFilter
android filterpacks.videosrc.CameraSource
android.filterpacks.videosrc.MediaSource

android filterpacks.videosrc.SurfaceTextureSource
android.filterpacks.videosrc.SurfaceTextureTarget
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Flexible Pattern in SurfaceFlinger (1)

void GLES20RenderEngine: :drawMesh (const Meshé& mesh) {
ProgramCache: :getInstance () .useProgram(mState) ;

} ProgramCache
/D -mCache: DefauitKeyedVecicr<Key, Progrom®=
Description \
<<create==-PrcgromCache|)

-mPlaneAlpha: Glclompf ==zdestroy=>=-ProgramCache)
-mPremulfipfedAipha: beol F-useProgrom|description: Description): veid ( 4 ’
-mOpague: bocl AR R L e R Q-pﬁmeCoche{): void
-mlexture:Textoee | -computeKeyidescriotion: Deseription): Key
-mTextureEnabled: bool -generateProgramineeds: Key): Program @
-mCoior: Glciampt -generateVertexShoder{needs: Key): String8
-mProjectionMatrix: mat4 -generatefragmeniShaderineeds: Key): Stin
-mCoicrMatrixEnabled: bool
-mColorMatrix: maot4
-mUniformsDirty: beool

Program

-minitioized: beol
-mProgrom: Gluint
-mVertexShader: GLuint
-mfragmentShader: GLuint
-mProjectionMatrixLoc: Glint
-mCclorMatrixLoc: Glint
-miextureMatrixLoc: Glint

Key

-mKey: key_t

<=create=>-Key()
zzcreate>=-Key|rhs: Key)
+set{maosk: key_t. value: key_t): Key -mSamplerLoc: Glint
+isTexturing(): beol e = -mAlphaPianeloc: Glint
+getTextureTarget{): int IR -mCelorloc: Glint
+sPremultipied(): bocl
+sOpaque(}: beol

<<cregte=>-Program(needs: Key. vertex: char, rogment: char)

destro Program
+hasPioneAiphol): beol ::Vc,:a(:b} :fog 0
+~hasColorMatrix(): bool B boo
+use|{): void

+strictly_order_type(ihs: Key, rhs: Key): int

+getAtirib{naome: char): Gluint
+getUniform{naome: char): Glint
+setUniforms{desc: Description): void
-buidShader(scurce: chor, type: GLenum): Gluint
-dumpShaderjresult: String8. type: GLenum): String8 30
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Flexible Pattern in SurfaceFlinger (2)

String8 ProgramCache: :generateVertexShader(const Keyé& needs) {
Formatter vs;
if (needs.isTexturing()) {
vs << "attribute vec4 texCoords;"
<< "varying vec2 outTexCoords;";

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! vs << "attribute vec4 position;" !
: << un}form matd projection; : String8 ProgramCache::generateFragmentShader (const Key& needs) {
\ << "uniform mat4 texture;" 1

| . Formatter fs;

: : if (needs.getTextureTarget() == Key::TEXTURE_ EXT) {

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

fs << "#extension GL OES EGL image external : require";

<< "void main (void) {" << indent
<< "gl Position = projection * position;";
if (needs.isTexturing()) {
vs << "outTexCoords = (texture * texCoords) .st;";
}
vs << dedent << "}";
return vs.getString();

// default precision is required-ish in fragment shaders
fs << "precision mediump float;";

if (needs.getTextureTarget () == Key: :TEXTURE_EXT) {
fs << "uniform samplerExternalOES sampler;"
<< "varying vec2 outTexCoords;";
} else if (needs.getTextureTarget () == Key::TEXTURE_ 2D) ({
fs << "uniform sampler2D sampler;"
<< "varying vec2 outTexCoords;";
} else if (needs.getTextureTarget () == Key::TEXTURE OFF) {
fs << "uniform vec4 color;";

if (needs.hasPlaneAlpha()) {
fs << "uniform float alphaPlane;";

if (needs.hasColorMatrix()) {
fs << "uniform mat4 colorMatrix;";

fs << "void main(void) {" << indent;
if (needs.isTexturing()) {

fs << dedent << "}";
return fs.getString();
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Flexible Pattern in HWUI (1)

ProgramCache

-mCoche: KeyedVector<progromid. Progrom=>

-mHasES3: bool

<<create»>-ProgromCache()
z<destroy=»-ProgromCache()

+get{description: ProgramDescripticn): Program

+clear(): void

-generateProgromidescription: ProgromDescription, key: progromid): Program

-generateVertexShoder|description: ProgramDescription): String8d

-generatefrogmeniShader{description:
-generaieBlend(shader: String8. nome: chor. mode: SkXfermode::Mode): void
-generateTextureWrapishader: String8. wraps: GLenum, wrapT: GLenum): void

-prinfLongString{shoder)

ProgramDescription): String8

<..........-.

==CppStruct>>
ProgramDescription

+hasTexture: beol
+hasAipha8Texture: bool
+hasExternaiTexture: bool
+hasTextureTransform: bool
+hasColors: bool

+moduiate: bool

+hasBitmap: bool
+isBitmopNpot: bool
+hasVertexAlpha: bool
+useShodowAlphalnterp: bool
+hosGradient: beol
+gradientType: Gradient
+isSimpleGradient: boot
sshodersMode: SkXfermode::Mode
+isBitmapFirst: boo!
+bitmapWropSs: Glenum
+bitmapWropT: GLenum
+coiorOp: ColorModifier
+colorMode: SkXfermode::Mode
+framebulferMode: SkXfermode::Mede
+swapSrcDst: bool
+hasGommaCorrection: bool
+gamma: ficat
+hasDebugHighlight: bool
+emuloteStenci: boo!
+hasRoundRectCip: bool

Program

+position: int

+texCoords: int

*transform: int

+projection:int

-mProgramid: Gluint

-mVertexShader: Gluint
-mfragmentShader: GLuint

-mAfttributes: KeyedVector<const chor®, int>
-mUniforms: KeyedVector<const char®, int>
-mUse: bool

-minitiaized: boo!

-mHasColorUniform: bool

-mCeiorUniform: int

-mHasSampler: boo!

-mProjection: mat4

-mOffset: bool

<<create=>-Program{description: ProgramDescription, vertex: chor, ragment: char)
<<destroy=>-Program{)

+use|): void

*remove{): void

+getAtirib{name: char): int

+getUniferm({name: chaor): int

+sinUse{): bool

+sinitiaized(): bool

+set|projectionMatrix: mat4, modelViewMatrix: mat4, transformMatrix: mai4, offset: beol): void
+setColor|r: ficat, g: ficat, b: fioat, a: fioat): void

#oddAttrib{name: char): int

#bindAttrib(nome: chor, bindingSiot: ShoderBindings): int

#addUniform{name: char): int

-buidShader{source: char, type: GLenum): GLuinf
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Flexible Pattern in HWUI (2)

String8 ProgramCache: :generateVertexShader (const ProgramDescription& description) {
// Add attributes '

String8 shader (gVS_Header Attributes); ﬁ——LﬁLLxgggaiiﬁaders snippets
if (description.hasTexture || description.hasExternalTexture) { const char® gVS_Header_ Attributes =

4*_____13§§ribute vecd position;\n";
const char* gVS_Header_ Attributes TexCoords =

shader.append (gVS_Header Attributes TexCoords) ;
}
if (description.hasVertexAlpha) ({

shader.append (gVS_Header Attributes VertexAlphaParameters);

1

1

1

1

1

1

1 1

1 1

1 1

1 1

1 1

: : "attribute vec2 texCoords; \n";

1 ! const char* gVS Header Attributes Colors =

1 ! by i X

h 1 "attribute vec4 colors;\n";

: } : const char* gVS_Header_ Attributes_VertexAlphaParameters =

h if (description.hasColors) ({ ! "attribute float vtxAlpha;\n";

! shader.append (gVS Header Attributes Colors); | const char* gVS Header Uniforms TextureTransform =

| pp gVvo_. _ _ — — —

1 } : "uniform mat4 mainTextureTransform; \n";

! i

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1
1

// Fragment shaders snippets

shader.append (gVS Footer);
123 (g — )i const char* gFS_Header Extension FramebufferFetch =

ren . ) "#extension GL NV_shader framebuffer fetch : enable\n\n";
PROGRAM_LOGD ( Generated vertex shader:\n\n%s", shader.string()):; const char* gFS_Header Extension ExternalTexture =
"#extension GL_OES_EGL_image external : require\n\n";

return shader; const char* gFS_Header =

"precision mediump float; \n\n";
const char* gFS Uniforms Color =
"uniform vec4 color;\n";

String8 ProgramCache: :generateFragmentShader (const ProgramDescriptioné& description) {
String8 shader;

const bool blendFramebuffer = description.framebufferMode >= SkXfermode: :kPlus_ Mode;
if (blendFramebuffer) {

shader.append (gFS Header Extension FramebufferFetch);

}

if (description.hasExternalTexture) {

shader.append (gFS_Header Extension ExternalTexture);

shader.append (gFS_Footer) ;

#if DEBUG_ PROGRAMS

PROGRAM LOGD ("*** Generated fragment shader:\n\n");
printLongString (shader) ;

fendif

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

:

1

H }
1

1

1

1

1

1

1

1

1

1

1

1

|
| return shader;
1
1
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Flexible Pattern in HWUI (3)

status_t OpenGLRenderer::drawVertexBuffer (float translateX, float translateY,
const VertexBuffer& vertexBuffer, const SkPaint* paint, int displayFlags) {

1
1
1
- .. :
1
setupDraw () ;
setupDrawNoTexture () ;
if (isAA) setupDrawVertexAlpha ((displayFlags & kVertexBuffer ShadowlInterp)); 1
setupDrawColor (color, ((color >> 24) & OxFF) * mSnapshot->alpha); :
setupDrawColorFilter (getColorFilter (paint)); '
setupDrawShader (getShader (paint)) ;
setupDrawBlending(paint, isAA);
setupDrawProgram() ;
setupDrawModelView (kModelViewMode Translate,
translateX, translateY, 0, 0);
setupDrawColorUniforms (getShader (paint)) ;
setupDrawColorFilterUniforms(getColorFilter (paint));
setupDrawShaderUniforms (getShader (paint)) ;

(displayFlags & kVertexBuffer Offset),

void OpenGLRenderer: :setupDrawColorFilter(const SkColorFilter* filter) {

________________________________________________________ SkXfermode: :Mode mode;

if (filter->asColorMode (NULL, &mode)) {
mDescription.colorOp = ProgramDescription::kColorBlend;
mDescription.colorMode = mode;

} else if (filter->asColorMatrix (NULL)) {
mDescription.colorOp = ProgramDescription::kColorMatrix;

void OpenGLRenderer::setupDrawColorFilterUniforms(const SkColorFilter* filter) ({
SkColor color;
SkXfermode: :Mode mode;

if (filter->asColorMode (&color, &mode)) {
glUniform4f (mCaches.currentProgram->getUniform("colorBlend"), r, g, b, a);
return;

}
SkScalar srcColorMatrix[20];
if (filter->asColorMatrix (srcColorMatrix)) {
glUniformMatrix4fv (mCaches.currentProgram->getUniform("colorMatrix"), 1,
GL_FALSE, colorMatrix);
glUniformd4fv (mCaches.currentProgram->getUniform("colorMatrixVector"), 1, colorVector);
return;
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