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GLSL programming

® C-like language structure:
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® Functions, loops, branches...

® Reading your first GSL shader is easy




Differences with C

® New data types: vec, mat...
® Must write simple code
® Data input/output

® Compiling & linking




New data types

® vec4:a 4-component floating-point array
® also vec2,vec3, ivecd..

® mat4:a 4x4 floating-point matrix
® alsomat2,mat3..

® Standard operations on vec/mat




Standard operations

® vV = U & W
® does the right thing with vec/mat
® v = My

® Matrix-vector multiplication, matrix-matrix
multiplication...

® Other operators (see reference):

® length(v), dot(v,w), Ccross(v,w)...




Standard math functions

® sin..cos, tan..
® asin, acos, atan..
pow, exp, log, sgrt, 1nversesqrt

abs, sign, frac, floor, min, max,

step, smoothstep

® Use them! (don’t recode them)




Components & swizzle

® Access to vector components:

® u.x equivalentto u[0]

® Operations on several components:
® u.xyz = v.xyz/v.w (projection)
® Reordering:

®u = U .WZYXe W o= 1. XXyye




Components & swizzle

® Very useful for Image Synthesis

® Several sets of letters:

@ u.xyow o/ ergba /[ i SEpA
® Can use any of them

® Makes code easier to read




Input & Output

® The basis for any program




Input & Output
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Input & Output
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Input & Output

: = Vertex shader
Main memory
Fragment
shader
CPU =¥ shaders:
Uniform variables
Frame Z-buffer

buffer




Input & Output

: - Vertex shader
Main memory
Fragment
shader
CPU =¥ shaders:
Uniform variables :
Shader: bl Z-buffer

buffer

uniform vec3 lightSource;




Input & Output

CPU

Vertex shader

Main memory

CPU =¥ shaders:
Uniform variables
Shader:

uniform vec3 lightSource;

Program:

loc=glGetUniformLocation(shader,
gilUniiformi3f (lec, ix, v,; 7):

Fragment
shader

Frame

buffer Z-buffer

"lightSource");




Input & Output

: o Vertex shader
Main memory
Fragment
shader
CPU =» shaders:
Uniform variables Frame b e

Shader: buffer

uniform vec3 lightSource;




Input & Output

. — Vertex shader
Main memory
Fragment
shader
CPU =¥ shaders (2):
Textures :
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buffer




Input & Output

CPU

. Vertex shader
Main memory

Fragment
shader

CPU =» shaders (2):

Textures El‘a}?ﬁe 7 buffer
In the shader: WSl

uniform sampler2D MyTex;




Input & Output

: = Vertex shader
Main memory
Fragment
shader
CPU =¥ shaders: discussion
Q: Textures or uniform!? i
Z-buffer
buffer

A: Depends on the variable
Constant (for every vertex): uniform
Depends on position: texture




Input & Output
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Input & Output
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Input & Output

. — Vertex shader
Main memory
Fragment
shader
Vertex sh. =% Frag. shader
Interpolated variables
Frame Z-buffer

buffer




Input & Output

CPU

. Vertex shader
Main memory

Vertex sh. =% Frag. shader
Interpolated variables

Vertex shader: Frame

out vec4 ambientColor; buffer
ambientColor = 0.3 * gl Color;

Fragment shader:

in vec4 ambientColor;

Fragment

shader

Z-buffer




Input & Output

. — Vertex shader
Main memory
Fragment
shader
Fragment shader output:
Frame Z-buffer

buffer




Input & Output

. — Vertex shader
Main memory
Fragment
shader

Fragment shader output:

Frame

buffer Z-buffer
fragColor = ...; //required

fragDepth = ...; //optional




Compiling & linking

® 3 steps:

® |oad and compile vertex shader

® |oad and compile fragment shader
® |ink shader

® OpenGL functions:

® glShaderSource, glCreateShader, glCompileShader,
glLinkProgram




Compiling & linking

® 3 steps:
® |oad and compile vertex shader
® |oad and compile fragment shader

® |ink shader




Compiling & linking

® Check the result of the compilation

if (newProg != NULL) ...

® Get the errors! (gicetshadertnforog)

® Read them, they're your only information




One fun bug

® Compiler designed for efficiency

® Removes everything useless

® ...including useless variables

® can be quite aggressive in that

® ...and complains of non-existent variable

® also, C++ program tests if variable exists...




That’s it!

® These are the basics
® You have a working program to start with
® Edit it, understand it, improve it

® Start with simple programs




OpenGL4 and Qt5

® OpenGL 4: removes many legacy options
® more efficient, but different
® Qt5: great integration with OpenGL4

® encapsulates everything useful




Loading a shader

Q0penGl SheadebProgiamt DEogiam = e
QOpenGLShaderProgram(this) ;

program->addShaderFromSourceFile
(Open@GlShader: calcf o, eeiaxxShaderPotin .
program->addShaderFromSourceFile
(Q0OpenGLShader: :Fragment, fragmentShaderPath) ;
progtam=>1 inl{)

program-cbindil) :




Loading a shader (2)

Q0penGLShaderProgram* program = new
QOpenGLShaderProgram(this) ;

i lorogram) s gifarnang () o BRaalod Fg alllgoase iilic
cshader -

bool result = program->addShaderFromSourceFile
(QOpenGLShader: :Vertex, vertexShaderPath);

el bnecn b e ailornina ) proaiam= il O

result = program->addShaderFromSourceFile
(QOpenGl Shader i Fragment . fragment ShaderPasl) ¢

1l liecanllba il e ningille - progam= Lo ()

tasult = program=>lanlk.() .-

s e = e R sl eet allo T B S F e Telere e shnlle- s SeTeR )l

pregram=>bind () -

Lettle s Do Eall;




Passing variables

laoiEecie e o el

m_program->setUniformValue
Gl ahiPeosaln ot lichileiPecainiion e




Encoding the scene

® Before (Open GL 3 and below): face-based

glBegin (GL_POLYGON)
glierheadifi sl ozl il .
el WVizhmipl=v i b B i 0
glilepbos il (oal i3 )
Giloialicoad el aad e
gl ()




Encoding the scene

® OpenGL4: Vertex Array Object
® object-based
® Single structure for each object
® Vertex, color, normals, tex coords in arrays

® VAO = set of arrays (vertex, color...)




Vertex Array Objects: creation

Q0penGlVertexArrayObject m vao;

GOpenGl Bt el zeialiestBildt Eoua .
QO0penGLBuffer m_i1ndexBuffer;
C0penlhBuibcr mnioemal Bla b caaes
Qoeecn@hBudibcr M g6 loeBll ik
GopenGlhRPulifer e teooedBuliicr.




Vertex array objects: filling

M. azeio o meil )

m vertexBuffer.setUsagePattern (Q0penGLBuffer::StaticDra
W) ;

m.vertexBuffer bindil) : ,

m_vertexBuffer.allocate€k

_—

modelMesh->vertices.size () *sizeoTttrt

(same for index, color, normals...)




Vertex array objects: drawing

I PlECiacii="loinc ) -

MA@ imie T

GL _UNSIGNED NEDINT |

~ starting index
m vao.release() :

m_program->release() ;




Notes

® Only the VAO is drawn

® |[nternal buffers used only at creation time

® What if | only want to draw the geometry?
® driver-dependent
® = doesn’t always work

® drivers expect verticestnormals




Textures

texture = new QOpenGLTexture
(O Imeige (L exibllreName \ ) »

texture->setWrapMode (Q0OpenGLTexture: :Repeat) ;

texture->setMinificationFilter
(QOpenGLTexture: :LinearMipMaplinear) ;

texture->setMagnificationFilter
(QOpenGLTexture: :Linear) ;

Eosamga e o

Texture unit number

m_program—>setUniformValue("colorTexture"




Frame Buffer Objects

® For offscreen rendering
® shadow maps, deferred shading

® multi-target rendering




Frame Buffer Objects

shadewMap = new O0penGl PrameblufiferObject (w,h)
shadowMap->bind () ;

From here, all render events go to FBO

shadowMap->release () ;

m_program->setUniformValue ("shadowMap", shadowMap-
~texture () )..

And we make it a texture for main shader




Frame Buffer Objects

QOpenGLFramebufferObjectFormat sFormat;

sFormat .setAttachment (QOpenGLFramebufferObject: :Depth) ;
aEeormat celifle g uneliarget (Gl TEXTURE D) -
sFormat.setInternalTextureFormat (GL_RGBA32F_ARB) ;

shadowMap = new QOpenGLFramebufferObject (w, h,
cEormel -

shadowMap->bind () ;

shadowMap->release () ;

m_program->setUniformValue ("shadowMap", shadowMap-
> = e P




Frame Buffer Objects

® Also works with multiple render targets




That’s all!




