124
OGL3

O

[ padhuka peanbHOro BpeMeHM.
OpenGL. YacTtb 3.
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. https://compsciclub.ru/courses/graphics2018/2018-autumn/classes/
http://www.school30.spb.ru/cgsg/cgc2018/
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O [ eomeTpuryecknin wengep o6Ls

S 3 \IR0Ra ; .-

Vertex A‘ Tessel- Geometry . Screen Trangle Pixel

Shad lati Shad Clipping Mappine Setup & Shad Merger
ader -V: ation L/ er . apping Traversal ader

Vertex data ->
Vertex shader ->

Geometry shader ->
Rasterizer (assembling primitives, rasterization) ->
Fragment shader ->
Raster operation (stencil, alpha, scissor, depth, blending) ->
Framebuffer

Vertex shader -> "gl Position" -> Geometry shader -> {"gl Position"}+primitive type ->...

5 COMPUTER Computer Graphics Support Group 1 ManuHckun B.A.
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O& [ eomeTpuryecknn wengep OGL3

3124

O

Ha 6xo00 - npumumubBebi:
points (GL_POINTS)
lines (GL LINES, GL_LINE STRIP, GL_LINES LOOP)
lines_adjancency (GL_LINES ADJANCENCY, GL_LINE STRIP ADJANCENCY)

°‘---/“--o

triangles (GL_TRIANGLES, GL_TRIANGLE STRIP, GL_TRIANGLE FAN)
triangles_adjancency (GL_ TRIANGLES ADJANCENCY, GL_TRIANGLE STRIP ADJANCENCY)

Ha 6bixod - npumumubel:
points
line_strip
triangle strip

COMPUTER Computer Graphics Support Group ManuHckun B.A.
SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit '35 7 9 FpacbI/lKa peanbHOro BpemeHw. Op enGL. Yactb 3
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() FeoMeTpUYecKkuil Wenaep oeLs

Cmpykmypa onucaHua 1-u BepuiuHbl (6 enobaseHom maccuBe gl in):
in gl PerVertex

{

vec4 gl Position; -- ¢ 6BepuwuHHozo0 (meccennayuoHHo20) wetdepa

} gl in[];

Ha Bbixolde: out vecd4 gl Position;

nopoxdeHue 6epuiuHsi: EmitVertex();
OKOH4YaHue npumumuBa: EndPrimitive();

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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() TeoMeTpUiecKmi Leiaep: NPUMEP - YaCTULIbI el

[eomeTpuyeckun wengep

#version 430 p += vec3(0, s / 2, 0);
5 osition = Matr p+r -S + U S, 5
( ) gl_Positi Matrivp * ( * * 1
( R = 40) 5 FDrawTexCoord = (6, 1);
MatrWvpP; 0);
Time; gl Position = MatrWVP * (p+r* -s+u*-s, 1);
CamRight; FDrawTexCoord = (0, 9);
CamUp; 0);
FDrawTexCoord; gé_Poiltéon ; Mater?l* 0 (p+r*s+u*s, 1);
rawTexCoord = ;
main( ) 0O e
3
{ gl Position = MatrWVvpP * (p+r*s+u*-s, 1);
nh = 10;
- FDrawTexCoord = (1, 9);
t = Time; O;
s = 3.24; Z)'
p = gl _in[@].gl_Position.xyz; ) ’
( i=0;1c< n; i++) }
{

angle = Time * i;

si = sin(angle), co = cos(angle);
CamRight * co + CamUp * sij;
CamRight * -si + CamUp * co;

r
u

SCIENCE CGSG cankr-Nerepbyprekuii ry6epHaTopckui
CLUB ©MIN Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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i , :,.'..: ~ ~ . 6/24
(5 ' ['eomeTpunyeckmuun wengep: npumMmep - Yactuubl 0GL3
BepwuHHbIV Wenaep dparmMeHTHbIN Wenaep
#version 430 #version 430
( = 0) InPosition; ( = 9) OutColor;
main( ) Time;
{ IsWireframe;
gl Position = (InPosition, 1); ( = @) Textured;
} FDrawTexCoord;
main( )
{
c = (Texture®, FDrawTexCoord);
(IsWireframe)
Cc = (1, 1, 9.5, 1);
OutColor = c;
}

5 COMPUTER Computer Graphics Support Group e FanuHckui B.A.
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(5 TeccennaunoHHbIV LLenaep 0GL3
Vertex shader —| Hull shader Tessellator Domain shader Geometry shader
— 1 (control shader) (evaluation shader)
I S
® e =0, | 1
. S e 2
e, o
g ]

Input: * (GL_PATCHES)

Output: layout(isolines) out;
layout(triangles) out;
layout(quads) out;

Vertex data ->
Vertex shader ->
Tessellation control shader ->
Tessellation evaluation shader -»>

Geometry shader ->
Rasterizer (assembling primitives, rasterization) ->

Fragment shader ->
Raster operation (stencil, alpha, scissor, depth, blending) ->

Framebuffer

Computer Graphics Support Group S FanuHcknn B.A.
E j Npaduka peanbHoro BpemeHu. OpenGL. Yactb 3
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()" TeccennsiUMOHHBIi Lieaep octs

Tun npumumu6a OpenGL:
GL_PATCHES

Yka3sel6aem konudecmbo 6epwuH 6 Habope:
glPatchParameteri(GL_PATCH_VERTICES, N);

[lpu 6Bei6oOe :
glDrawElements (GL_PATCHES, NumberOfIndices, GL_UNSIGNED INT, NULL);

unu
glDrawArrays(GL_PATCHES, ©, NumberOfVertices);

5 COMPUTER Computer Graphics Support Group @ ManuHckun B.A.
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() TeccennmAUMOHHBIN Lieiifep: NpUMep - kpuBas besbe  ocrs

Vertex shader (*.VERT):
#version 430

layout(location = @) in vec3 InPosition;

void main( void )

{
}

gl_Position = vec4(InPosition, 1);

5 COMPUTER Computer Graphics Support Group : @ ManuHckun B.A.
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(5 TeccennaLUMOHHbIN Lueiaep: NpuMep - kpueasi besbe  oas

Tessellation control shader (*.CTRL):

#version 430
( = 4) ;
void main( void )
{
gl out[gl InvocationID].gl Position = gl in[gl InvocationID].gl Position;
gl TessLevelOuter[0] = 1;
gl TessLevelOuter[l] = 47;
}

SCIENCE CGSG cankr-Nerepbyprekuii ry6epHaTopckui
CLUB ©MIN Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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(5 TeccennALUMOHHbIN Lueiaep: NpuMep - kpueasi besbe  oals

Tesselation evaluation shader:

#version 430
( ) in;
Matrwvp;
Bezier( PO, P1, P2, P3, t)
{
PO * (1 - t) * (1 -1t) * (1 -t) +
PL*¥3 % (1-1t)* (L-1t)*t+ |77 -7 77 =7 =7 =7 == == ms oo mm oo mm oo mm oo mmmsmmmsmmmm e
P2 * 3 * (1 -1t) *t*t+ main( )
P3 * t * t * t; {
}

gl _Position = MatrWvp *
(Bezier(gl _in[1].gl_Position.xyz,
gl in[1].gl_Position.xyz +
(gl_in[2].gl_Position.xyz - gl _in[®].gl_Position.xyz) / 6,
gl _in[2].gl_Position.xyz +
(gl_in[1].gl_Position.xyz - gl _in[3].gl_Position.xyz) / 6,
gl _in[2].gl_Position.xyz,
gl TessCoord.x), 1);

SCIENCE CGSG  cankr-Nerepbyprekuit ry6epHaTopckui
CLUB ownna3  OUIUKOMATEMATUMECKIN NULIER Ne 30 Npachmka peanbHoro BpemeHn. OpenGL. Yactb 3
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() TeccennmaUMOHHBIN Leiifep: NpUMep - kpuBas besbe  obis

Fragment shader:

#version 430
( = 0) OutColor;
main( )
{
OutColor = (1, 90, 1, 1);
}

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB omaNe3e  OU3NKO-MATEMATUYECKUM NIULIEM Ne 30
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(5 TeccennaunoHHbIN Wengep: NnpumMep - NOBEPXHOCTb 0GL3

1324

Tessellation control shader (*.CTRL):

{

O

#tversion 430

uniform int Addon®;
uniform int Addonil;
uniform int Addon2;
void main( void )

gl out[gl InvocationID].gl Position = gl in[gl InvocationID].gl Position;

gl TesslLevelOuter[©]
gl TessLevelOuter[1]
gl _TessLevelOuter[2]
gl TessLevelOuter[3]

gl _TesslLevelInner[0]
gl TesslLevelInner[1l]

COMPUTER
SCIENCE CGSG
CLUB ©MI Ne 30

layout(vertices = 16) out;

= Addon@;
= Addon®@;
= Addon@;
= Addon®@;

= Addonl;
= Addon2;

Computer Graphics Support Group
CaHkT-lNeTepbyprckuin rybepHaTopckun
®U3NKO-MATEMATUYECKUW NULIEA Ne 30
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(5 TeccennaunoHHbIN Wengep: NnpuMep - NOBEPXHOCTb 0GL3
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O
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Tesselation evaluation shader: Tessellation control shader (*.CTRL):
#version 430

layout(quads) in;
uniform mat4 MatrWVP;

void main( void )
{
float u = gl TessCoord.x, v = gl TessCoord.y;

vec3 p =
TOYKa Ha MNMOBEPXHOCTWU
onopHole To4vkn (4x4) - gl in[i * 4 + j].gl Position.xyz
napameTpbl - U, V

gl Position = MatrWVP * vec4(p, 1);

Computer Graphics Support Group @ FanuHcknn B.A.

CGSG CaHkT-lNeTepOyprckui rybepHaTopckum
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() FBO - Frame Buffer Object o6rs

Frame Buffer Object (FBO) - Render Target

cospaTtb Aeckpuntop FBO

co34aTbh TeKCcTypy ANns FBO (MM HeCKONbKO TeKCTyp) WM 3akpenuTb 3a FBO

5 COMPUTER Computer Graphics Support Group @ ManuHckun B.A.

cos3pgaTtb bydep rnybuHbl M 3akpenuTb 3a FBO

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30

Npaduka peanbHoro BpemeHu. OpenGL. Yactb 3



() FBO - Frame Buffer Object o6Ls

/* FBO depended data */

unsigned
VG4 _RndFBO, /* Frame buffer object descriptor */
VG4 _RndRenderTex, /* Render target texture */
VG4_RndDepthBuf; /* Render target buffer */

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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() FBO - Frame Buffer Object o6l

RndTargetsInit:
/* Fragment shader texture attachment list */
UINT DrawBuffers[] = {GL_COLOR_ATTACHMENT@};

/* Create and bind FBO */
glGenFramebuffers(1l, &VG4_RndFBO);
glBindFramebuffer (GL_FRAMEBUFFER, VG4 _RndFBO);

/* Create and bind render texture */

glGenTextures(1l, &/G4_RndRenderTex);

glActiveTexture(GL_TEXTURE®);

glBindTexture(GL_TEXTURE_2D, VG4_RndRenderTex);
glTexStorage2D(GL_TEXTURE_2D, 1, GL_RGBA8, VG4 RndFrameW, VG4 RndFrameH);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);

/* Link render texture to FBO */
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT@, GL_TEXTURE_2D, VG4 RndRenderTex, ©);

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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() FBO - Frame Buffer Object o6Ls

/* Create and bind depth buffer */

glGenRenderbuffers(1l, &G4 _RndDepthBuf);

glBindRenderbuffer(GL_RENDERBUFFER, VG4_RndDepthBuf);
glRenderbufferStorage(GL_RENDERBUFFER, GL_DEPTH_COMPONENT, VG4_RndFrameW, VG4_RndFrameH);

/* Link depth buffer to FBO */
glFramebufferRenderbuffer(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT, GL_RENDERBUFFER, VG4_RndDepthBuf);

/* Set fragment shader texture attachment list:
* array contents layout slot redirection for every output value */
glDrawBuffers(1l, DrawBuffers);

if (glCheckFramebufferStatus(GL_FRAMEBUFFER) != GL_FRAMEBUFFER_COMPLETE)
return;

/* Go back to default render buffer */
glBindFramebuffer (GL_FRAMEBUFFER, 9);

5 COMPUTER Computer Graphics Support Group ManuHckun B.A.
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O

" FBO — Frame Buffer Obiject ools

RndTargetsClose:

0O

/* Delete FBO primitive */

VG4 _RndPrimFree(&VG4_RndFBOFramePrim);

/* Bind FBO */

glBindFramebuffer (GL_FRAMEBUFFER, VG4 _RndFBO);

/* Unlink render texture from FBO */

glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT®@, GL_TEXTURE_2D, @, ©);
/* Delete render texture */

glDeleteTextures(1, &G4 RndRenderTex);

/* Unlink depth buffer from FBO */

glFramebufferRenderbuffer(GL_FRAMEBUFFER, GL _DEPTH_ATTACHMENT, GL_RENDERBUFFER, ©);
/* Delete depth buffer */

glDeleteRenderbuffers(1l, &G4 _RndDepthBuf);

/* Unlink FBO */

glBindFramebuffer (GL_FRAMEBUFFER, 9);

/* Delete FBO */

glDeleteFramebuffers(1l, &VG4_RndFBO);

COMPUTER Computer Graphics Support Group ManuHckun B.A.
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() FBO - Frame Buffer Object o6Ls

RndTargetsStart: // Boi3biBaem u3 RndStart()
/* Bind FBO */
glBindFramebuffer(GL_FRAMEBUFFER, VG4 RndFBO);

/* Set viewport */

glViewport(@, @, VG4 _RndFrameW, VG4 RndFrameH);
glClearColor(e.3, 0.5, 0.7, 1);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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£ . 2124
(3 ' FBO — Frame Buffer Object 0GL3
RndTargetsEnd: // Bbi3biBaem u3 RndEnd()
/* Set default FBO */

glBindFramebuffer (GL_FRAMEBUFFER, ©);
glViewport(@, @, VG4_RndFrameW, VG4 _RndFrameH);

/* Draw post frame primitive (full screen rectangle) to screen */
glUseProgram(wengep obpaboTku FBO);

/* Send render target */
glActiveTexture(GL_TEXTURE3); // B npumepe ucnonbsyeTtca 3
glBindTexture(GL_TEXTURE_2D, VG4 _RndRenderTex);

/* Draw frame */
glPushAttrib(GL_ALL_ATTRIB BITS); // 3anomMmHaem cocTosHWe aTpubyToB
glDisable(GL_DEPTH_TEST);
glDisable(GL_BLEND);
glDisable(GL_CULL_FACE);
BbIBOAMM MOMHOSKpaHHbIA NpumuTue FBO ...
glPopAttrib(); // BoccTaHaBAMBaeM COCTOAHUE aTpubyToB
glUseProgram(Q);
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 Jlntepatypa OGL3

John Kessenich, Graham Sellers, Dave Shreiner,

«OpenGL Programming Guide: The Official Guide to Learning
OpenGL, Version 4.5 with SPIR-V (9th Edition)»,
Addison-Wesley Professional, 2016.

OpenCGL 4

Shading David Wolff, «OpenGL 4 Shading Language Cookbook: Build high-

qguality, real-time 3D graphics with OpenGL 4.6, GLSL 4.6 and C++17,
3rd Editionw,

Packt Publishing, 2018.

Oosug Bonbd, «OpenGL 4. A3bik weltdepos. KHuza peuenmoesy,
OMK [Mpecc, 2015.
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O Nureparypa

REAL-TIME
RENDERING

Tomas Akenine-Modller, Eric Haines, Naty Hoffman,
«Real-Time Rendering, Fourth Editiony,
A K Peters/CRC Press, 2018.

Eric Lengyel,

«Mathematics for 3D Game Programming and Computer
Graphics, Third Edition 3rd Edition,

Cengage Learning PTR, 2011

Elmar Eisemann, Michael Schwarz, Ulf Assarsson, Michael Wimmetr,
«Real-Time Shadowsw,
A K Peters/CRC Press, 2011.
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Wolfgang Engel (Editor), «GPU Pro: Advanced Rendering Techniquesy,

A K Peters/CRC Press, 2010.
«GPU Pro2», 2011; «GPU Pro3», 2012; «GPU Pro4», 2013; «GPU Pro5», 2014; «GPU Pro6», 2015; «GPU Pro7», 2016.

Wolfgang Engel, «GPU Zen: Advanced Rendering Techniquesw,
Bowker Identifier Services, 2017
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