Introduction a l'Informatique
Graphique

- Généralités

- Concepts d'une scene 3D

- Coordonnées généralisées

- OpenGL et notion de Shaders
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'CPU et GPU

CPU: Central Processing Unit
Meémoire associée: RAM
= Taches arbitraires séquentielles:

Calcul, branching, acces mémoires, I/O, etc.

Coeurs: 2 a 64, indépendants
RAM: 4 3 64 Go

GPU: Graphics Processing Unit
Mémoire associée: VRAM
= Taches paralleles avec opérations similaires:
Calculs vectoriels, matriciels sur tableaux de données.
Architecture: SIMD
Single Instruction, Multiple Data
Coeurs: 1000 a 16000, partagés
VRAM: 4 a 16 Go

GPU: Supercalculateur pour réaliser la méme opération sur un grand nombre de données.
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| OpenGL

OpenGL: Open Graphics Library
Une API pour communiquer avec le GPU, orienté graphique 3D
API: Application Programming Interface = Ensemble standardisé de variables et en-téte de fonctions.
Bas niveau, Haute performance, Multi plateformes

Rem.
API # logiciel, librairie
Différents systemes/GPU ont différentes implémentations d'OpenGL

penGL.

Installation dépend du driver

KHRCONOS

Autres APIS: Vulkan, WebGL, WebGPU, DirectX (Windows), Metal (Mac). GROUP

CONNECTING SOFTWARE TO SILICON

3/14



https://www.opengl.org/
file:///Users/damien/drives/damien/teaching/2025_2026/csc_43043/csc_43043/course_slides/_site/05b_opengl/pdf/01_opengl_shaders/01_cpu_gpu/index.html
file:///Users/damien/drives/damien/teaching/2025_2026/csc_43043/csc_43043/course_slides/_site/05b_opengl/pdf/01_opengl_shaders/01_cpu_gpu/index.html
file:///Users/damien/drives/damien/teaching/2025_2026/csc_43043/csc_43043/course_slides/_site/05b_opengl/pdf/01_opengl_shaders/03_structure/index.html
file:///Users/damien/drives/damien/teaching/2025_2026/csc_43043/csc_43043/course_slides/_site/05b_opengl/pdf/01_opengl_shaders/03_structure/index.html

' Communication CPU /| GPU with OpenGL

Prepare
Data

1- Preparing the data:
Loading/Computing vertices, colors, etc.

Draw call

2- Send data: Transfert blocks of data to the GPU memory

3- Shaders: Programs runing on the GPU in parallel
- Vertex shaders: run for each vertex
- Fragment shaders: run for each pixel / Fragment
Output: The final image

Send
Data

I
I
I
I
I
' >
I
I
I
I
I
I
I
I
| *I Run Shaders
\ 4
: Vertex Shader
I Fragment Shader
I
——————— >

llmage

GLSL
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Communication CPU/GPU with OpenGL - details

|
|
glBufferData(.l.)

C++
// Positions VB().1

const std::vector<GLfloat> position

>

-0.5f, -e0.5f, @.ef, // position @
PR VBO

0.5f, -0.5f, @.of, // position 1 £ £ £ b >

@.0f, 0.5f, 0.0f // position 2 2
s
// Colors
const std::vector<GLfloat> color = { hOW tO #version 330 core

1.ef, @.ef, @.0f, // color @ - red .

in struct fragment_data

0.0f, 1.0f, @.0f, // color 1 - green read them { —1

9.of, @.0f, 1.0f // color 2 - blue vec4 position; )( 1 1
}. vec4 color; ) X
; vec4 normal; 1 X y Z "R

} fragment;

X
// light position l l In pal'allel

vec3 light = vec3(0.0, 0.0, 5.90);

. cas // light color
// Fill VBO for p051t10n vec3 light_color = vec3(1.0); // white color

GLuint vbo_position = 0;
glGenBuffers(1l, &vbo_position); v?main()
{

glBindBuffer(GL_ARRAY_BUFFER, vbo_position);

// sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk ok sk ok sk sk ksk ok k // gIDraW( )
]

// Send data on the GPU

// Sk 3k sk Sk sk sk Sk sk Sk 3K K K K K K K Rk sk sk sk sk sk kosk sk sk sk sk sk k sk k //

|
|
|
|
|
|
|
VAO ! glsl
|
|
|
|
|
|
|
|

ca . . L. vec3 n = normalize(fragment.normal.xyz);
glBufferData(GL_ARRAY_BUFFER, position.size()*sizeof(GLfloat), &position[@], GL_STATIC_DRAW ); vec3 u = normalize(light-fragment.position.xyz);
glBindBuffer (GL_ARRAY_BUFFER, 0); vec3 r = reflect(-u,n); // see documentation of reflect
- - vec3 t = normalize(vec3(0.0, 0.0, 0.0)-fragment.position.xyz); // camera position is
at (0,0,0)

|
|
// Fill VBO for color
GLuint vbo_color = @; I
glGenBuffers(1, &vbo_color); I
glBindBuffer (GL_ARRAY_BUFFER, vbo_color);
|
|
I
|

float ambiant
float diffuse
float specular

0.2;
0.8 * clamp( dot(u,n), 0.0, 1.0);
0.5 * pow( clamp( dot(r,t), 0.0, 1.0), 128.0);

glBufferData(GL_ARRAY_BUFFER, color.size()*sizeof(GLfloat), &color[@], GL_STATIC_DRAW );
glBindBuffer (GL_ARRAY_ BUFFER, 0);

vec3 ¢ = (ambiant+diffuse)*fragment.color.rgb*light_color + specular*light_color;

FragColor = vec4(c, 1.0);

¥ Mono-thread glUniform(...)
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fShader

Vertex Shader Fragment Shader
#version 330 code #version 330 code
layout (location = 0) 1in vec4 position; in vec4 vertexColor;
layout (location = 1) 1in vec4 color; out vec4 fragColor;
out vec4 vertexColor; void main()
{
void main() fragColor = vertexColor;
{ +
gl_Position = position;
vertexColor = color;
ks
Vertex shader Fragment shader
VBO Data — Input Output Primitive assembly Rasterization
[p PP ] Vertex Vertex'
[Cg C 1,C22] — P (World space) (View space)
'/I{ (P;,C;) (p\C.) — 3 — >
/7 ‘ \
t Y Input Output
. 55555 ) Transformation i
--® Projection (tesselation+ fragment color
— — geometry shader) (p,c) .
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Transtormation des sommets
Projection et perspective

VBO Data

[Pg:P;.P,]

[c,:C,0C,]

- o
-
- o
-

Vertex shader

Input

Vertex

(p;.C.)

-~

Output

Vertex'

(World space) (View space)

(pi',Ci')

Primitive assembly

(tesselation+
geometry shader)

Rasterization

Fragment shader

Input

fragment

(p.c) []

Output

color
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Synthese matrices - Formulation

Entrée: Coordonnées p = (z,y, 2z, 1) dans l'espace objet
- Coordonnées dans l'espace du monde p,,s = Model p
- Coordonnées dans l'espace caméra pyie,y = View pys

- Coordonnées dans le NDC - Normalized Device Coordinates p,4. = Proj pyiew
Sortie en espace image: NDC homogénéisée pout = (Tnde/Wnde, Ynde/ Wndes Znde/ Wndes 1)

Formulation globale: | p,4. = Proj x View x Model p

lere étape du pipeline graphique: Vertex shader

#version 330 core

// vertex position in local space (x,y,z)
layout (location = 0) 1in vec3 vertex_position;

// uniform = parameters send from C++ code
uniform mat4 model;

uniform mat4 view;

uniform mat4 projection;

Vertex shader Fragment shader
VBO Data Input Output Primitive assembly Rasterization
void main() { {%ﬁﬁﬁ {———>m$;mm (View spece)
// gl_Position: Output position from Vertex Shader (NDC) /Q\ wi‘) (b)) ) >
gl_Position = projection * view * model * (position,1.0); SN
O,’ \ Input Output
~~~~~~ ® (tesselation+ fragment color

// normalization automatically performed by the GPU geometry shader) (o) []
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s

Synthese matrices - Demo

Pnde = Proj x View x Model p

9/14



file:///Users/damien/drives/damien/teaching/2025_2026/csc_43043/csc_43043/course_slides/_site/05b_opengl/pdf/02_vertex_transform/05_summary/a_formulation/index.html
file:///Users/damien/drives/damien/teaching/2025_2026/csc_43043/csc_43043/course_slides/_site/05b_opengl/pdf/02_vertex_transform/05_summary/a_formulation/index.html
file:///Users/damien/drives/damien/teaching/2025_2026/csc_43043/csc_43043/course_slides/_site/05b_opengl/pdf/02_vertex_transform/05_summary/c_uniform_interest/01_cpp_case/index.html
file:///Users/damien/drives/damien/teaching/2025_2026/csc_43043/csc_43043/course_slides/_site/05b_opengl/pdf/02_vertex_transform/05_summary/c_uniform_interest/01_cpp_case/index.html

Matrices: C++ / parametres uniformes

Changement de coordonnées en C++: std: :vector<vec3> apply(mat4 Model, mat4 View, mat4 Projection,
Principalement mono—thread e stc.i. ..vectorfvec3> const& position_in) {
- position_out;
- Calcul des nouvelles positions for (auto const& p : p_in) {
vec4 p_homog{p, 1.0f};
vec4 p_ndc_homog = Projection * View * Model * v_homog;
Possible, mais lent vec3 p_ndc = vec3{v_clip} / v_clip.w;

position_out.push_back(p_ndc);

- Copies coordonnées sur mémoire GPU

}

return position_out;

void main_loop() {
std::vector<vec3> new_position;
// Update Model, View, Projection,

// N-operations - monothread
new_position = apply(Model, View, Projection, mesh.position);

// N-copy to the GPU
mesh_drawable.position.update(new_position);

draw(mesh_drawable) ;
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Matrices: C++ / parametres uniformes

Changement de coordonnées via Uniforms:
Simple copie de matrices
Pas de calcul supplémentaire en C++
Calcul des nouvelles positions en parallele sur le GPU, surcout négligeable

void main_loop() {
// Update Model, View, Perspective,
// Copy three 4x4 matrices in vec3 vertex_position; In p&l}’&lllel on all UETtiC@S
glUniform(shader, Model); uniform mat4 Model;
glUniform(shader, View); uniform mat4 View;
glUniform(shader, Projection); uniform mat4 Projection;
void main() {
draw(mesh_drawable) ; gl_Position = Projection * View * Model * (position,1.0);
} }
C++ Vertex shader
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VBO Data —,

Vertex shader

Shaders: résumé

Fragment shader

Input Output
[Py:P;:P,] Vertex Vertex'
[cy:C,:C,] Pr (World space) (View space)
,Q () (p.'c.)
RN \/
7 ’ \
V2 \
of '
TTe-o - _\ Transformation
. Projection

Primitive assembly

(tesselation+
geometry shader)

Rasterization

Input

fragment

p.c) []

Output

color
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Shaders Résumé

Vertex shader

VBO Data —

position, color, normal, ...

Input Output Primitive assembly Rasterization
[p PP ] Vertex Vertex'
[cs,c:,C:] _,’(World space) (View space)
) ,Q\ (pi,C-') (p;'c;) )
// \\
O' \ Input
- - \
55555 ® (tesselation+ fragment
— — geometry shader) () |:|
A
. y
Automatic o 5
1) 4 .
3 >
1,1) 2 ‘::
1| :
' orld space O p1 1> p2
uniforms ot 012345 x
model
view
projection
phong model
lights

=

ambiant

spéculaire
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haderf Résumé:
xemple de code

Vertex shader

Fragment shader

VBO Data Input Output Primitive assembly Rasterization

[pos P, 1p2] Vertex Vertex'

[00,01 ’02] (World space) (View space)
Q (ppc) (p/'c) ) >

’ \
’ ’ ’ \\
./~ . \\

-9 (tesselation+

geometry shader)

Input Output

fragment

(p.c) []

color

layout (location = 0) in vec3 vertex_position;
layout (location = 1) 1in vec3 vertex_normal;
layout (location = 2) 1in vec3 vertex_color;

out struct fragment_data {
vec3 position;
vec3 normal;
vec3 color;

} fragment;

uniform mat4 model;
uniform mat4 view;
uniform mat4 projection;

void main() {
vec4 position = model * vec4(vertex_position, 1.0);

mat4 modelNormal = transpose(inverse(model));
vecd4 normal = modelNormal * vec4(vertex_normal, 0.0);

fragment.position = position.xyz;
fragment.normal = normal.xyz;
fragment.color = vertex_color;

gl_Position = projection * view * position;

// Interpolated values on the fragment
in struct fragment_data {

vec3 position;

vec3 normal;

vec3 color;
} fragment;

uniform vec3 light_position;
uniform vec3 light_color;

layout(location=0) out vec4 FragColor;
uniform mat4 model;
uniform mat4 view;

uniform mat4 projection;

void main() {

vec3 N = normalize(fragment.normal);
vec3 L = normalize(light_position-fragment.position);

float diffuse_magnitude = max(dot(N,L),0.0);
/] .

vec3 ¢ = a_ambient * fragment.color*light_color;

c = ¢ + a_specularx*specular_magnitude*xlight_color;

FragColor = vec4(c,1.0);

c = ¢ + a_diffusexdiffuse_magnitudexfragment.color*light_color;
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