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Traditional Graphics Pipeline AMD:‘ The Graphics Pipeline

Graphics s . . .
— Key abstraction of real-time graphics
Application Transform Rasterizer Shade 3 2
m = =gl . Hardware used to look like this
(30) Lit (pre-pixels) pixels
Vertices (Color, Depth)
(20)
Pixel Distinct chips/boards per stage
CPU Render-to-texture
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Test & Blend

Fixed data flow through pipeline

A simplified graphics pipeline
* Note that pipe widths vary
* Many caches, FIFOs, and so on not shown ‘
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The Graphics Pipeline

« Remains a useful abstraction

« Hardware used to look like this
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The Graphics Pipeline
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Geometry
« Hardware used to look like this

- Vertex, pixel processing became
programmable
Pixel

1 - New stages added
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Modern GPUs: Unified Design
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Vertex shaders, pixel shaders, etc. become threads
running different programs on a flexible core
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Programmer’s Model A!f‘..?ﬁ.'

Attributes
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OpenGL 2.0 Logical
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Vertex Shader Environment AQBE

2 8

Attribute 0
Attribute 1
Attribute 2
Attribute 3
Attribute 4
Attribute 5

Varying 0
Varying 1
Varying 2

Vertex Shader Varying 3

Varying 4
Varying 5

Varying n
Clip position
Point size
Temporary
variables
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Attribute m

1 |

Vertex Processor
Overview

Standard  User-defined

M Providec directly by application
OpenGL. attrzates 0 by ool

W Provided indirectly by application
I Produced by the vertex processor

#I_MulnTexCoordt
ere.

User-defined uniforms:
modelScaleFactor, eyePos, epsilon,
lightPosition, weightingFactor], ete.
Texture Memery
Built-in uniforms.

#)_ModelViewMatrix, gi_FroniMaterial,
#l_LightSource[0.n], gi_FogColor, etc.

Standard Special User-defined
OpenGL Variables warying
varying ] normal

#l_FrontColor modelCoord

#_BackColor  #1_Clipl refractionIndex
¢!_FogFragCoord density
L o e, —
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OpenGL 2.0 Logical
Diagram
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Fragment Shader Environment Aﬂpﬂ
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Varying 0
Varying 1
Varying 2
Varying 3

Fragment Color(s)
Varying 4
Varying 5

Fragment Shader

Fragment Depth

Varying n

Window coord

Front facing flag
Point coord
Temporary
variables
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Fragment Processor
Overview

Standard Special User-defined
OpenGL Variables varying
varying  gl_FragCoord  normal,

#l_Color  gl_FrontFacing ~ modeiCoord

#1_SecondaryColor refractionndex
£l_TexCoord[0..n] densiny
2l_FogFragCoord eic.

User-defined uniforms.
modelScaleFactor, eyePos, epsilon,
lightPozition, weightingFactorl, etc.

Bullt-in uniforms:
ModelViewMarrtx, gl_FrontMaterial,
|_LightSource[0.n], gl_FogColor, ete.

vm‘;'s M Produced by rasterization
¢l FragColor B Provided directly by application
¢l FragDepth M Provided indirectly by application
M Produced by the fragment processor
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Hello World! AQRE

void main (void)

{
// This is our Hello World vertex shader
// Standard MVP transform
gl_Position = gl_ModelViewProjectionMatrix * gl _Vertex;
}
void main (void)
{
// This is our Hello World fragment shader
// Set to a constant color (hint: look at it upside down)
gl_FragColor = vec4 (0.7734);
}
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Basic method A!‘....Dog

2 basic object types
« Shader object
* Program object

Create Vertex & Fragment Shader Objects
Compile both

Create program object & attach shaders
Link program

Use program
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Creating Shaders A!‘....Dog

[ Vertex Shader

Program

gCreateProgram
[[oAtachShader |ammm
I

gLinkFrogram

[9userogam |
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Compiling A‘,M_..Daf,"!

void glShaderSource (GLuint shader, GLsizei nstrings, const GLchar **strings,
const GLint *lengths)

//if lengths==NULL, assumed to be null-terminated

void glCompileShader (GLuint shader);
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Attaching & Linking A‘,M_..Daf,"!

void gl (GLuint GLuint shader) ;
//twice, once for vertex shader & once for fragment shader

void glLi (GLuint ;

//program now ready to use

void glUseProgram(GLuint program) ;
//switches on shader, bypasses FFP

//if program==0, shaders turned off, returns to FFP
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In short...

GLuint progranobject

GLuint fragnentshaderobisct;

snsigned char -

unsigned char -

prograndbject=glCresteprogzan ()
vertexshaderbject=glCreateshades (GL_VERTEX SHADER) ;

£raguentshadezobjectegiCreateshader (GL_FRAGMENT_SHADER)

(const.

(const. chares

gicompileshader (vertexshadercbject)

gicompileshader (fragmentshaderObject)

glLinkprogran (prograsobject) ;

glserrogran (progranobject) ;

AMD

St Choice
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Example AQD‘:

void setShaders() {
char *vs,*fs;

v = glCreateShader(GL_VERTEX_SHADER);
f = glCreateShader(GL_FRAGMENT_SHADER);

vs = textFileRead("toon.vert");
fs = textFileRead("toon.frag");

const char * vv = vs;
const char * ff = fs;

glShaderSource(v, 1, &vv,NULL);
glShaderSource(f, 1, &f,NULL);

free(vs);free(fs);

glCompileShader(v);
glCompileShader(f);

p = giCreateProgram();

glAttachShader(p,v);
glAttachShader(p,f);

glLinkProgram(p);
glUseProgram(p);

Other functions

Clean-up
void glDetachObject (GLuint container, GLuint attached);
void glDeleteObject (GLuint object);

Info Log
void glGetInfolog (GLuint object, GLsizei maxLength, GLsizei
*length, GLchar *infolog) ;

* Returns compile & linking information, errors

AMDZT

‘Semetir Choice
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Useful References AlﬂDﬂ’

http://www.3dshaders.com/
* Home page for the “orange book” focused solely on GLSL

http://www.opengl.org/sdk/
* OpenGL SDK, including links to the below resources

http://www.opengl.org/sdk/libs/OpenSceneGraph/glsl_quickref.pdf
« one double-sided page cheat sheet to GLSL - indispensible!

http://www.opengl.org/registry/doc/GLSLangSpec.Full.1.20.8.pdf
* This is the ultimate authority: the GLSL specification document

http://www.opengl.org/sdk/docs/books/SuperBible/
« Full reference and tutorial to OpenGL 2.1
« All sample code downloadable for Windows, Mac OS X, and Linux
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