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LECTURE 2 – GLSL Basics
Introduction

This module introduces students to Shader writing using OpenGL 2.0

The release of OpenGL 2.0 marked a move away from OpenGL’s fixed function pipeline. Version 2.0 supports development using either OpenGL Shader language and/or fixed function pipeline 
C Language
NB> Below is a brief overview of OpenGL’s GLSL features. These notes refer to OpenGL 2.0 specification as outlined in OpenGL Shading Language 2nd edition.

Subsequent versions of OpenGL have increased the shading language features available. 

· OpenGL Shading Language is based on the syntax of the ANSI C programming language

· Entry point for a set of shaders is the function void main(). The body of this function is delimited by curly braces:

	void main()

{

}


· Constants, identifiers, operators, expressions and statements are basically the same as standard C
· Control flow for looping – if-then-else, and function calls are virtually identical

Additions to C

Several additional features have been added to the OpenGL Shading Language, specifically to deal with graphics encoding:

Vectors

Vector types are supported for floating point, Boolean and integers values:

vec2


(2 floats)
vec3


(3 floats)
vec4


(4 floats)
Vector Arithmetic

Operators work on vector types as follows:

vec3 v1;

vec3 v2;

v1 + v2
Accessing Vector Elements

Individual elements of a vector can be accessed either by array syntax (v1[0]), or as fields of a structure:

· Positional data: 

v1.x
v1.y
v1.z
v1.w
· Colour info


v1.r
v1.g
v1.b
v1.a
· Texture Coordinates:
v1.s
v1.t
v1.p
v1.q
Matrices
mat2


(2 x 2)
mat3


(3 x 3)
mat4


(4 x 4)
Accessing Matrix Elements

Columns of a matrix can be accessed using array syntax, resulting in a vector whose individual elements can be accessed as a standard vector (see above)
Samplers

Samplers are used to access texture memory. 

· sampler1D

(1D texture map)
· sampler2D

(2D texture map)
· sampler3D

(3D texture map)
Accessing Sampler Elements

Values stored in a sampler are accessed using the following built-in functions:
· texture1D
· texture2D
· texture3D
Shader Input and Output Qualifiers
There are three types of qualifiers used to specify what type of input or output a variable serves

· attribute
· Attribute variables change frequently between the application and a vertex shader

· uniform
· Uniform variables change infrequently between the application and any shader

· varying
· Varying variables communicate interpolated values from a vertex shader to a fragment shader

· const
· Used to declare non-writeable, compile-time constants (same as C)
Accessing existing fixed function variables

Built-in variables that begin with the reserved prefix “gl_” can be used to access existing OpenGL state and to communicate with the fixed functionality of OpenGL

Here’s some examples:

	gl_ModelViewMatrix

	Current modelview matrix

	gl_Normal


	Current normal

	gl_LightSource[i]


	Current parameters of the ith light


Built-in Functions
A variety of built-in functions are available to make programming easier, and to take advantage of hardware acceleration. Below is a non-exhaustive list of functions available:
· Common Math functions – absolute value, floor, ceil etc

· Trigonometric functions – sine, cosine, tangent etc
· Geometric Operations – length, distance, dot product, cross product
Additions from C++

· Function overloading has been added to make it easier to use functions that differ only in the type or number of arguments being passed.

For example, the dot product function has been overloaded to handle vec2, vec3 and vec4
· Variables can be declared where they are needed

C Features not supported

Automatic Promotion

Care should be taken when casting one variable type to another. A compile error is generated for the following statement:

float a = 0;
Instead, the previous de3claration should be written:

float a = 0.0;
Other unsupported Types

· pointers, strings and characters

· doubles, bytes, shorts, long integers (or unsigned variants) 

· unions, enumerations and bitwise operations
#include directives

Because the language is not file based, you will not see any #include directives, or other references to file names
Call by VALUE-RETURN
Because there is no support for pointers in the OpenGL Shading Language, parameters (arguments) passed in to a function need to include one of the following qualifiers:
· input parameters




in
· output parameters




out
· both an input and an output parameter

inout
If no qualifier is specified then the variable is identified as an input variable (default).
Driver Model

Creating a Shader

A piece of software used to control and manage access to a piece of hardware is commonly referred to as a driver. 

OpenGL shaders are also used to control the underlying graphics hardware, and as such, fall into the category of a driver.
Steps needed to create Shader Objects

	1. Create a shader object


	glCreateShader()

	2. Load source code strings into shader object


	glShaderSource()

	3. Compile the shader object


	glCompileShader()

	4. Create a program object


	glCreateProgram()

	5. Attach the shader  object to the program object


	glAttachShader

	6. Link the Program object to create executable code


	glLinkProgram()

	7. Query location assigned to a uniform variable by the linker


	glGetUniformLocation()

	8. Return vertex attribute index that is bound to a specified user-defined attribute variable


	glGetAttribLocation()


Enable / Disable a Shader

Shader programs can be enabled by calling:

glUseProgram(GLuint program);

The above call installs the program object specified by program as part of the current rendering state. If program is set to zero, the programmable processors are disabled and fixed functionality is used:
glUseProgram(0);

NB> To switch between fixed-functionality and shader functionality you have to re-load all textures / menus
Query the location of a uniform variable from a shader object
In order to pass a value to a shader object, it is first necessary to get the location of the uniform variable from the shader program. 

m_loc[0] = glGetUniformLocation(m_program, "BrickColour");

In the example above "BrickColour" is the actual name of the variable used in the shader program. 

m_loc[0] is the location of the variable

	NB> We can query this location and store the value when the shader is first loaded.




Passing values to an Active Shader Object

Passing variables to an active shader object can now be achieved easily using one of the glUniform{1|2|3|4}{f|i}(GLuint location, TYPE values ) calls as follows
glUniform3f( pShader->get_loc(SHDR_BRICK_COLOR), 1.0, 0.3, 0.2 );

glUniform1i( pShader->get_loc(SHDR_NUM_BRICKS), 100 );

float width = 100.0f;
float height = 60.0f;

glUniform2f( pShader->get_loc(SHDR_BRICK_DIMENSIONS), width, height );

Housework

Objects should be deleted when no longer needed. Deletion is accomplished as follows: 
	· Free memory and invalidate the name associated with the shader

	glDeleteShader();



	· Free memory and invalidate the name associated with the program


	glDeleteProgram();



	· Detach a shader object from a specified program


	glDetachShader()



Online Tutorials:

http://nehe.gamedev.net/data/articles/article.asp?article=21
Example code:
void cShader::create(char *pVertexShader_path, char *pFragmentShader_Path)

{


char *vs = NULL, *fs = NULL;


// create the shader

GLuint m_v  = glCreateShader(GL_VERTEX_SHADER);


GLuint m_f  = glCreateShader(GL_FRAGMENT_SHADER);


// read in the shader text files
vs = textFileRead(pVertexShader_path);


fs = textFileRead(pFragmentShader_Path);


const char *vv = vs;


const char *ff = fs;


// provide the source files

glShaderSource(m_v, 1, &vv, NULL );


glShaderSource(m_f, 1, &ff, NULL );


free(vs);


free(fs);


// compile the shaders..

glCompileShader(m_v);


glCompileShader(m_f);


// create a program object

m_program = glCreateProgram();


// attach the shader object to the program object

glAttachShader(m_program, m_v);


glAttachShader(m_program, m_f); 


// link program object to create executable code

glLinkProgram(m_program);


// query location assigned to a uniform variable by the linker

m_loc[0] = glGetUniformLocation(m_program, "BrickColour");

// return vertex attribute index that is bound to a specified

// user-defined attribute variable

m_loc[1] = glGetAttribLocation(m_program, "rm_Tangent");

}
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