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Critical Shader Information

® Shader language (GLSL)
® How to send shader-pipeline to GPU (Create and Use program)

® \When is each program executed

= \What are its input/output

® Relationship between sequence of shaders



Types of Parameters

® Attribute

= Streaming data: frequently changing vertex parameters
® Varying

= Pass interpolated variables from a vertex shader to a fragment shader
® Uniform

= |[nfrequently changing variables from the application to any shader.

= Part of state



Vertex Shader
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Vertex Shader
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® |nput:
= “interpolated” attribs
= other parameters
® Per pixel lighting
® Texture operation
= Bump mapping
= Shadow mapping

= Environment mapping

® Fog, Volumetric effects
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GPU Architecture
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GPU Architecture
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Graphics SW Architecture
Bottom View

Application
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Device Driver
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Hardware (CPU, Discrete, Integrated)



OpenGL Architecture
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Simple Graphics Lib

® GLFW

= \Window management, |O and Event handling

® GLEW, glad
= Platform independent access to OpenGL library

®gim Scene Renderer
= Matrix Operations (Geometry) (OpenGL state)

Ul Window

incl. Textures,
Camera Light, ..
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GLSL is based on C/C++

® Constructors

= Built-in vector, matrix and sampler types
® Math library
+Input and output qualifiers

— Pointers
— Recursion

— Dynamic memory allocation



GLFW

Include GLFEWI/glfw3.h, alad/qgl.h
int main(void)

{

GLFWwindow™ window;

glfwinit();

window = glfwCreateWindow(640, 480, "Simple example”, NULL, NULL); // Monitor, Share
glfwMakeContextCurrent(window);
gladLoadGL((GLADloadfunc)glfwGetProcAddress))

glfwSwaplinterval(1); // Wait one vsync to swap buffers . .

setupDraw(): Even handling with callbacks: e.g.,

while (!glfwWindowShouldClose(window)) g thSetKeyCaHbaCk,

{ drawStuff(); gH:WSGtCU rSOrPOSCaHbaCk,
glfwSwapBuffers(window); glfwSetMouseButtonCallback
glfwWaitEvents(); // Alternate: glfwPollEvents();

}

glfwDestroyWindow(window);
glfwTerminate();

}




Setup Draw

void setupOpenGLstate(void)

{
glClearColor(0.0f, 0.0f, 0.0f, 1.0f); // Default FB color: black
glClearDepth(1.0f); /| Default FB depth
glEnable(GL_DEPTH_TEST); /I Compare Z-buffer depth
glDepthFunc(GL_LEQUAL); /I How to compare Z-buffer depth

}

void setupDraw()

{
setupOpenGLstate();
setupLighting();
setupShaders();
setupGeometry();
setuplnitialCamera();




Geometry in Buffers

GLuint vbo;

glGenBuffers(1, &vbo); /| Get a buffer identifier/name (unique to all buffers)
glBindBuffer(GL_ARRAY_BUFFER, vbo); // Create an attribute buffer, call it vbo buffer
glBufferData(GL_ARRAY_BUFFER, numvert*3*sizeof(float), verts, GL_STATIC_DRAW);

GLuint vao;
glGenVertexArrays(1, &vao); // Get an identifier (unique to vertex arrays)
glBindVertexArray(vao); /| Make a new Vertex Array, call it vao

glEnableVertexAttribArray(0); // vao has attribute O
glVertexAttribPointer(0, // Attribute O is the location in my shader
3, [l size of array
GL_FLOAT, /I Type of values in the array
GL_FALSE, /I Are values normalized?
0, [l Stride 0: Attribs packed contiguously in current attrib buffer
NULL [l Starting offset is 0, requires a pointer);




Geometry in Buffers

GLuint ebo;

short indicesl[]; // Need to fill with indexes into the vertex array

glGenBuffers(1, &ebo);

glBindBuffer(GL_ELEMENT_ARRAY_BUFFER, ebo); // New element array called ebo
glBufferData(GL_ELEMENT_ARRAY_BUFFER, sizeof(indices), indices, GL_STATIC_DRAW);




void drawStuff()
{
updateCamera();

updateLights();
glUseProgram(programliD); // Earlier created a pipeline of shaders called programiD

glBindVertexArray(vao); // ID of earlier created a vertex array
glBindBuffer(GL_ELEMENT_ARRAY_BUFFER, ebo); // ID of earlier created element array
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
glDrawElements(GL_TRIANGLES, numberOfTris, GL_UNSIGNED_SHORT, NULL);




Anatomy of a Shader

in vecd vari;
In Ivecd var2;
out mat4 var3;

uniform mat4 matrix;
uniform sampler2D texture;

void main()

{

var3 = f(var1, var2);

}




Anatomy of a Shader

in vecd vari;
In Ivecd var2;
out mat4 var3;

in mat4 var3;
out vec3 var4;

uniform mat4 matrix; uniform mat4 matrix;
uniform sampler2D texture;

void main()
void main() {

vard = g(var3);

{
}

}

var3 = f(var1, var2);




Anatomy of a Shader

in vecd vari;
In Ivecd var2;
out mat4 var3;

in mat4 var3;
out vec3 var4;

uniform mat4 matrix; uniform mat4 matrix;
uniform sampler2D texture;

void main()
void main() {

vard = g(var3);

{
}

}

var3 = f(var1, var2);




Shader Plugging

® Name based matching
® | ocation based matching

® Block based matching

out BlockName { in BlockName {
vec3 normal1; vec3 normal;
vecd eye1; vec3 eye;
vec3 lightDir1; vec3 lightDir;
vec2 texCoord1; vec2 texCoord;

} outData; } inData;




A Simple Program

Vertex Shader Fragment Shader

#version 410 #version 410

uniform mat4 viewMatrix, projMatrix; In vec3 vcolor;
layout (location=0) in vec4 position; out vec4 fcolor;
layout (location=1) in vec3 acolor;

out vec3 vcolor; void main()

{

void main() fcolor = vec4(vcolor, 1.0);

{ }
vcolor = acolor;
gl _Position = projMatrix * viewMatrix * position ;

}




Qualifiers

® layout(location = 1) in vec3 position;
® flat in vec3 vNormal;
® smooth out vec2 viexCoord:

® uniform float fBender:
® Others:

= |nvariant

= precision



® Scalar:
= float, int, uint, bool
® vec3, vecd, ivec2, uvec*

= Access
> X, .Y, .Z, .W, XY, .XyZ
> .r,.g,.b,.a
= Constructors
> vec2(v.yx), vec3(v.yxy) Matrix
® mat4, mat3, mat3x4

= m[ilj], m[il.yz

Types




Vector, Matrix Operations

® mat4 mv = mat4(1.0) * v

® mat4 mt = transpose(m);

® float det = determinant(m);
® mat4 mi = inverse(m);

® sin, cos ..

® exp, log, sqrt ..

® clamp

® float ct = dot(v, n)/length(v)
® vec3 v = cross(v1, v2);

® vec3 v = normalize(v2);

® vec3 r = reflect(l, n); // Also refract()



Samplers (Texture)

Stands for 2D texture

uniform sampler@ map ;

Inbuilt function vec4 texture ()
vec3 color = texture (map, vec2(0., 0.1)) .rgb;

2D texture coordinate

® Other functions:

= texturelLod, texelFetch, textureSize, textureOffset



Creating Shaders

GLuint vsID = glCreateShader(GL_VERTEX_SHADER);
glShaderSource(vsID, 1, source , NULL);
glCompileShader(vsID);

GLuint programID = glCreateProgram();
glAttachShader(programlD, vsID);
glAttachShader(programlD, fsID);

glLinkProgram(programID);

.SJ.loDeIeteShader(vsID)' gluseprogram(programlD)




Setting Uniforms

void setUniforms()
{
glUseProgram(ProgramiD);
int viewMatArg = glGetUniformLocation(ProgramliD, “viewMatrix");
if (viewMatArg !'=-1)
glUniformMatrix4fv(viewMatArg, 1, GL_FALSE, &vmat[0][0]); // 1 matrix, no transpose
[l Column-major vmat by default, Otherwise, ask to transpose it
[l Also see glUniform4f(uniformbLocation, 0.0f, 1.0f, 0.0f, 1.0f);

}




Setting Uniforms

e.g., in shader:

void setUniforms()
{
glUseProgram(ProgramiD);
int viewMatArg = glGetUniformLocati
if (viewMatArg !'=-1)

glUniformMatrix4fv(viewMatArg, 1, GL_FALSE, &vmat[0][0]); // 1 matrix, no transpose
[l Column-major vmat by default, Otherwise, ask to transpose it
[l Also see glUniform4f(uniformbLocation, 0.0f, 1.0f, 0.0f, 1.0f);

}




Setting Uniforms

e.g., in shader:

, , uniform matd4d viewMatrix,
void setUniforms() :
¢ uniform sampler2D map;

glUseProgram(ProgramiD);

LIAEALEI I R LERBUNEIWIEEE vcc3 color = texture (map, ..)

if (viewMatArg !'=-1)
glUniformMatrix4fv(viewMatArg, 1, GL_FALSE, &vmat[0][0]); // 1 matrix, no transpose
[l Column-major vmat by default, Otherwise, ask to transpose it

/I Also see glUniform4f(uniformLocation, 0.0f, 1.0f, 0.0f, 1.0f);

glActiveTexture(GL_TEXTUREQ); // Activate texture unit 0; default anyway
glBindTexture(GL_TEXTURE_2D, tex);

GLint texArg = glGetUniformLocation(shaderProgram, "map");

}

glUniform1i(texArg, 0); // Set the sampler2D-uniform to a texture unit (i.e., 0)



Texture Setup

® Texture Object

= Data, format, and usage parameters
® Texture Coordinates
® Texture Units
= Multiple textures can be active simultaneously

® Sampler

= Uniform variable indicating specific texture unit



Framebuffers

® Collection of buffers (color, depth, stencil)
= Default Framebuffer, window linked

= User Framebuffer Objects, off-screen rendering

® Attachments

= Textures (render-to-texture)

= Renderbuffers (render target)
» Cannot be read back but optimized for storage, can be accumulated into

» Also see: glBlitFramebuffer



Render to Texture

GLuint tbo; glGenFramebuffers(1, &fbo); glBindFramebufter(GL_FRAMEBUFFER, tbo); // Later reset to 0
GLuint texID; glGenTextures(1, &texID); glBindTexture(GL_TEXTURE_2D, texID);
glTexlmage2D(GL_TEXTURE_2D, 0,GL_RGB, W, H, 0,GL_RGB, GL_UNSIGNED_BYTE, 0); // Null image
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST); // etc.

GLuint Ztbo; glGenRenderbuffers(1, &Ztbo); // Need a depth buffer as well

BindRenderbuffer(GL_ RENDERBUFFER, Ztbo);

9
9

Renderbu

terStorage(GL_RENDERBUFFER, GL_DEPTH_COMPONENT, W, H);

glFramebufferRenderbuffter(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT, GL_RENDERBUFFER, Ztbo);
glFramebufferTexture(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENTO, texID, 0); // Attach texID at #0

GLenum DrawBufters[1] = {GL_COLOR_ATTACHMENTO}; // Only one attachment
glDrawBufters(1, DrawBuffers); // Where fragment shader outputs




Render to Texture

GLuint tbo; glGenFramebuffers(1, &fbo); glBindFramebufter(GL_FRAMEBUFFER, tbo); // Later reset to 0
GLuint texID; glGenTextures(1, &texID); glBindTexture(GL_TEXTURE_2D, texID);
glTexlmage2D(GL_TEXTURE_2D, 0,GL_RGB, W, H, 0,GL_RGB, GL_UNSIGNED_BYTE, 0); // Null image
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST); // etc.

GLuint Ztbo; glGenRenderbuffers(1, &Ztbo); // Need a depth buffer as well
glBindRenderbuffer(GL_RENDERBUFFER, Ztbo);

glRenderbufferStorage(GL_RENDERBUFFER, GL_DEPTH_COMPONENT, W, H);
glFramebufferRenderbuffter(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT, GL_RENDERBUFFER, Ztbo);
glFramebufferTexture(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENTO, texID, 0); // Attach texID at #0
GLenum DrawBufters[1] = {GL_COLOR_ATTACHMENTO}; // Onl Fragment shader:
glDrawBufters(1, DrawBufters); // Where fragment shader outp

® Default location
layout(location = 0) out vec3 color;




