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-
OpenGL 4.3
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[ padbnyeckme npouecopsl

- 'padhuka
- BoluncneHus obuiero Ha3Ha4yeHus

Shader Shader
Core Core
Shader Shader
Core Core
Shader Shader
Core Core
Shader Shader
Core Core
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Kak BblbpaTtb API?

- Ha OC kakoro tuna gosrkHa pabotatbe Mos nporpamma’?

- Windows => GL || DX
- Linux/Android => GL (GL/ES)
- MacOS => GL

- Ha kakom xenes3e gomxHa paboTtatb Mod rnporpamma?
- DX11 hardware =>|GL 4+||| DX11
- DX10 hardware =>|GL 3+||| DX11
- DX9 hardware =>[Gl 2+||| DX11 || DX9 (WinXP)
- Besge =>|GL 1.0 || DX11 (WARP device) ucnouvas XP




-
OpenGL3 n OpenGLA4

- PasHuua gpoctaTouHo ToHkas
- Sampler Objects
- Separate Shader Objects

Program Pipeline B ‘ Cénmxaet GL4 ¢ DX11
Transform Feedback Object

HoBble outyn:

+ BbluncnuteneHble WwWenaepsobl
- GL_SHADER_STORAGE_BUFFER
 glClearBufferObject (kak memset B Cn)

Teccenauyus

double (64 6uTHas nnaBatoLas To4ka)
Image load/store

ATOoMapHble onepaunm



-
OpenGL1

- YCTaHOBKKa MaTpuLl

glMatrixMode (GL PROJECTION) ;
glLoadIdentity ()
gluOrtho2D (0, windowWidth, 0, windowHeight) ;

glMatrixMode (GL MODELVIEW) ;
glLoadIdentity (),

glTranslatef (0.5, 0.5, 0.0);
glScalef (0.5, 0.5, 0.0);
glScalef (0.5, 0.5, 0.0);
glRotatef (angle, 0, 0, 1);

- PnucosaHue
glColor3£(0.0, 1.0, O
glBegin (GL TRIANGLES)
glVertex3f(-0.5, +0.5, 0.0);
glVertex3f (+0.5, -0.5, 0.0);
glVertex3f(+0.0, +0.5, 0.0);
glEnd () ;

.0) s

14



-
OpenGL2

- CPU

glMatrixMode (GL MODELVIEW) ;
glLoadIdentity ()
glTranslatef (0.5,
glScalef (0.5, 0.5, 0.0);
glScalef (0.5, 0.5, 0.0);
glRotatef (angle, 1, 0, 0);

0.5, 0.0);

glBegin (GL TRIANGLES) ;
glVertex3f (-0.5, 0.5, 0.0);
glVertex3f (+0.5, 0.5, 0.0);
glVertex3f (+0.0, 0.5, 0.0);
glEnd() ;

- Wenaepol (GPU)
void main (void)

{

gl Position = gl ModelViewMatrix* (gl ProjectionMatrix*gl Vertex);
// gl Position = ftransform();

}

void main (void)
{

gl _FragColor = vec4(0.0, 1.0, 0.0, 1.0);
}



-
OpenGL3

-CPU

glMatriXMode(GL_MODELVIE
LoadIdentity (),

glT .0);
glScal .0
glScalef ( .0);
glRotatef 1, 0, 0);

n (GL TRIANGLE

ertexBfT 0.5, 0.5, )

glVertex3f(+0.5, 0.5, 0.0

glVertex3f (+0.0, 0.5, 0.0);

glEnd () ;

Lenpepobl (GPU)

void main (void)

{
gl Position ="gT ModetvViewhertrteitat—RrogectionMataixigl Jortox)
// gl Position = ftransform();

}

void main (void)
{

gl _FragColor = vec4(0.0, 1.0, 0.0, 1.0);
}



-
OpenGL3

- PaboTbl cTano dbonbLue

- 3arpyska TekcTa Lwengepos n3 anna Vertex attribute fetch
Komnunauus (vs_text, ps_text) -> (vs, fs) " Input Assembler

J-IMHKOBKa (VS, fS) => program vertex attributes
* g_prog = ShaderProgram(...);

Co3sgaHune 1 3arpy3ka JaHHbIX

« GLuintg_vbo1 = ... // 3arpyxaem nosnLmv BepLumnH
« GLuintg_vbo2 = ... // Ha GPU
* (g_vbol, g vbo2) =>g vao

|_|pI/IBFI3Ka pecypcoB, 3afaHNe KOHCTaHT
+ glUniformMatrix4fv(...);
+ bindTexure(...)

Ykasatb VS OTKyda YNTaTb AaHHbIE
- glBindVertexArray(g_vao);

Draw call
« glDrawArrays(GL_TRIANGLES, 0, 3); // 3 — Kon-BO BbI30BOB BEPLUNHHOIO Lengepa

,L vs_output

HBSIEHZET

vs_output (|nterpoated)|

ps_output

render to texture



-
OpenGL3 (1 - VBO, VAO)

float trianglePos[] = {

-0.5f, -0.5f,

0.5f, -0.5f,

0.0f, +0.5f,
3
GLuint g_vertexBufferObject = 0;
GLuint g_vertexArrayObject = 0;
GLuint vertexLocation = O;

glGenBuffers(1, &g_vertexBufferObject);
glBindBuffer(GL_ARRAY_ BUFFER, g_vertexBufferObject);
glBufferData(GL_ARRAY_ BUFFER, 3*2*sizeof(GLfloat), (GLfloat*)trianglePos, GL_STATIC_DRAW);

glGenVertexArrays(1, &g_vertexArrayObiject);

glBindVertexArray(g_vertexArrayObject);

glBindBuffer(GL_ARRAY_ BUFFER, g_vertexBufferObject);
glEnableVertexAttribArray(vertexLocation);
glVertexAttribPointer(vertexLocation, 2, GL_FLOAT, GL_FALS

Vertex Buffer 1

> | vao1

Vertex Buffer 2




-
OpenGL3 (2 — Shader setup and Draw)

float model[16];
float modelView[16];

glusLoadldentityf(model);
glusRotateRzRyRxf(model, input.cam_rot[0], input.cam_rot[1], 0.0f);
glusLookAtf(modelView, 0.0f, 0.0f, -2.0f,

0.0f, 0.0f, 0.0f,

0.0f, 1.0f, 0.0f);

glusMultMatrixf(modelView, modelView, model);

GLint location = glGetUniformLocation(g_program.program, "modelViewMatrix");
if(location >= 0)
glUniformMatrix4fv(location, 1, GL_FALSE, (GLfloat*)&modelView);

... [l same for projection matrix

glBindVertexArray(g_vertexArrayObject);
glDrawArrays(GL_TRIANGLES, 0, 3);



-
OpenGL3 (3 —Shaders)

/I vertex shader
#version 330

uniform mat4 projectionMatrix;
uniform mat4 modelViewMatrix;

in vec2 vertex;

void main(void)

{

vec4 viewPos = modelViewMatrixtyec4(vertex,0.0,1.0);
gl Position = projectionMatrix*viewRQs;

}

/I fragment shader
#version 330
out vec4 fragColor;

void main(void) ( Posion }—»

{ o \>(Texture Coordinates)—» Vertex Buffer 1
fragColor = vec4(0,1,0,0); > - ( e }_.

} ( Color )—» Vertex Buffer 2

Vertex Shader (1)




Co3naHne obbekTa nporpamMmmbl

Vertex Shader
giCreateShader

Program l

glCreateProgram giShaderSource |[<F== =

I

glAttachShader glCompileShader

I

e —
D glCreateShader

glLinkProgram glShaderSource |[SF== =

l = |

glUseProgram

Fragment Shader

glCompileShader







[ padonyeckm KoHBenep

- 3D cueHa => 2D nsobpaxeHune

- HekoTopble cTagnn UKCUpPOBaHHbIE, HEKOTOPbIE
nporpaMmmMmupyemebie

OBJECT SPACE THE CONNECT THE VERTS TO

VERTS NEED TO PLACED CREATE TRIANGLES
REA TO THE SCREEN

Colored Vertices After S - Interpolation, Texturing,
Vertex Transformation Primitive Asseembly Rasterization and Coloring



PacTtepunsaTtop

- OTCceyeHmne

- Pactepusauuns

- Z-6ydep (Early-z test)

- bydoep Tpadapeta (Stencil test)
- MHTepnonauunsa atpnbyTtoB

Vertex attribute fetch
S
Input Assembler
vertex attributes
tex fetches

Primitive Assembly

nnnnn




Z-Buffer

=2 7B uffer Yersion 3

http://raphaello.univ-fcomte.fr/ig/zbuffer/zbuffer.htm



Z-Buffer

=2 7B uffer Yersion 3

I =] E3

B2 7B uffer

1)

| —

Z
1

5}
5}

(3 .-

Z
1
1

]

(8,3,5)

c
4
443

3

413 3|2

23|22

(22|21

y —4:31 1

[ 5

=] E3

ZBuffer

+f1)

%

-2

2118 @112 2064

-1-18 @8 1 2/2 312 4 4
1A FLET R E2E3 3444

_L-.__L-._-
= =
= =H L
Lo A -
L B
L Bt i ]
]

o

2f3FaFd15 5
344815
4558

5

S |

(F5.6./-8)

(-Z.-6.6)

http://raphaello.univ-fcomte.fr/ig/zbuffer/zbuffer.htm



Z-Buffer

=2 7B uffer Yersion 3

http://raphaello.univ-fcomte.fr/ig/zbuffer/zbuffer.htm
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-
Z-buffer fighting

- Kak nsbexatb?
»Cpaenartb 6bonblle TOYHOCTb (4OCTYNHO 16, 24 unun 32 6uT)
»>He pucoBaTtb reoMmeTpuio Ha OgHOW 1 TOW Xe rmybunHe
»>OnpegennTb NOPsiA0K OTPUCOBKN U UcNonb3oBaTth  9iDepthFunc(GL_LESS);




Depth & Stencil Test

s Depth Testing

Start Stencil Test

& Stencil Testing

enabled? enabled?
Compare stencll buffer value (with
Gan'ﬁere:rclar\d dest read mask) and reference value (with
e read mask)
Depth Test Result Stencil Test Result
‘—

5 DBpthw Tte
Enabla?

¥
Calculate new stend| value
based on DepthTest and
StencilTest result

Yes ( End Depth Test j

Apply Depth Write Mask and
save depth component

L 4

L Apply Stencil Write Mask and
| End Depth Test : save stencil component

L 4

|: End Stencil Test )




DX9 Pipeline (OpenGL 2.0, 3.0)

Vertex attribute fetch

"~ Input Assembler

vertex attributes

|’| vs_output

tex fetches

o vS_output
indices

» v- A -

struct VS_INPUT
{
float4 position : POSITION;
float3 normal : NORMAL:
float2 texCoord : TEXCOORD;
float3 tangent : TANGENT;

I3

Early depth & stencil test

tex fetches

VS_output (interpolated'

ps_output <

color
=

render to texture

Late depth test




[—/[f_[:[r_ Sphere Eversion [E

Output Merger

® Aﬂ b(ba'CMeLLIMBaHl/Ie alpha = 0.110

From Computer Desktop Bncyclopedia
Reprinted with permission.
& 1993 Intergraph Computer Systems




-
Output Merger

- Anbga-cmewinsaHune
- glEnable(GL_BLEND)
- glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)

- gIDisable();

C'=a,C,+(1-a,)C,



[ padonyeckm KoHBenep




[ padonyeckm KoHBenep

- glDrawArrays(GL_TRIANGLES, 0, ?); Il 2 TpeyronbHUKa
- glDrawArrays(GL_TRIANGLE_STRIP 0, ?); // 2 TpeyronbHuka

GL_TRIANGLES GL_TRIANGLE_STRIP GL_TRIANGLE_FAN
5
3 4 6 1 3 5 6
L [ - 4
1 2 2 2 a &
2.7 3
GL_TRIANGLES_ADJACENCY GL_TRIANGLE_STRIP_ADJACENCY
3 8
LI
. S,
1.7 5.7 g 12
‘n '
’ P ’
N 5 3 o7 .11
* A
e L
10




[ padonyeckm KoHBenep

- glDrawArrays(GL_TRIANGLES, 0, 6); Il 2 TpeyronbHUKa
- glDrawArrays(GL_TRIANGLE_STRIP 0, 4); // 2 TpeyronbHuka

GL_TRIANGLES GL_TRIANGLE_STRIP GL_TRIANGLE_FAN
5
3 4 6 1 3 5 6
L [ - 4
1 2 2 2 a &
2.7 3
GL_TRIANGLES_ADJACENCY GL_TRIANGLE_STRIP_ADJACENCY
3 8
LI
. S,
1.7 5.7 g 12
‘n '
’ P ’
N 5 3 o7 .11
* A
e L
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-
OpenGL

- APl ona goctyna K pyHKumoHanbHoctn GPU
- MynstnnatopMeHHbLIN

- MynbTHA3bLIKOBOW

- INpouenypHbIn

- dnHamunyeckn paclumpsembiu

- YKasaTtenum Ha (pyHKUMK
- wglGetProcAdress(...)

- [locTyn K o6bekTamM OCYLLECTBAETCS NPU MOMOLLIN
LLenoYnCcrneHHbIN MMEH

- [NoHATMe TekyLllero obbekTa
glGenBuffers (1, &m_vbo);
glBindBuffer(GL_ARRAY_BUFFER, m_vbo);
glBufferData(...);




-
OpenGL

- MynbTHa3bikoBoUu ?

- YKasaTtenu Ha pyHKuumn ?
- wglGetProcAdress(...)

- Lleno4ncneHHbIn umeHa ?

- NoHATMe Tekywero obvekra ?

glBindBuffer(GL_ARRAY_BUFFER, m_vbo);
glBufferData(GL_ARRAY_BUFFER, ...);

glBindTexture(GL_TEXTURE_2D, m_colorTexture);

glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEARY);
glTexParameteri(GL_TEXTURE_2D, GL_ TEXTURE_WRAP_S, GL_REPEAT):
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT):

glBindTexture(GL_TEXTURE_2D, 0);



-
Mpoeonormna OpenGL

GLuint myObj = .. ;
glBindSomeObject(GL_SOME_TARGET NAME, myQObj);
glDoSomething(GL_SOME_TARGET_NAME, ...);

OaHHble CIoThl PyHKunm gl

buf2 N

GLuint myObj = ...;
glBufferData(GL_SLOT NAME, myObj);

tex1 N glTexParameteri(GL_SLOT_NAME, ...);

glGetTexlmage(GL_SLOT_NAME, ...);



OObEKTbI U CYLLIHOCTW

- KOHTEekeT Vertex attribute fetch
* VAO Hma—/\

vertex attributes

- lWengepobl
- KOHCTaHThI

- bydepnl (VBO, PBO, UBO ...) J vs_output

" Rasterizer
¢ TeKCTypr vs_output (interpolated)
FBO A

render to texture ps_output

- Sampler (OpenGL 4)
- *Image (OpenGL 4)
- CocTosiHUSA

- CneymanbHble 00beKkTbl (MHOro B GL4)
- (Tuna Transform Feedback-Object, program-pipeline)



-
OpenGL buffer object

- CosgaHune bygepa

glGenBuffers(1, &vbo);

- PaboTta ¢ bydpepom
glBindBuffer(GL_ARRAY_BUFFER, vbo);
glBufferData(GL_ARRAY_ BUFFER, N*sizeof(GLfloat), (GLfloat*)cpuData, GL_STATIC DRAW);

CeMaHTI/IKI/I bydepos (‘target))

GL_ARRAY_BUFFER - Bydpep ans sepumH (VBO)
- GL_ATOMIC_COUNTER_BUFFER - ANa aToMapHbIX onepauunm
- GL_COPY_READ BUFFER - KonupoBaHue Tnna bydep => Bydep
- GL_COPY_WRITE_BUFFER - KonupoBaHue Tnna bydep => Bydep
- GL_DRAW _INDIRECT_BUFFER - ansa “draw indirect”
- GL_DISPATCH_INDIRECT_BUFFER - ansa “dispatch indirect”
- GL_ELEMENT_ARRAY_BUFFER - Byhbep nHaekcos
- GL_PIXEL_PACK BUFFER - copy (Tekctypa => 6ydpep) (PBO)
- GL_PIXEL_UNPACK_ BUFFER - copy (bycbep => Tekctypa) (PBO)
- GL_SHADER_STORAGE_BUFFER - Ana compute shader-a
- GL_TEXTURE_BUFFER - TBO
- GL_TRANSFORM_ FEEDBACK BUFFER - Ans ‘coxpaH’ gaHHbIx n3 GS nnn VS
- GL_UNIFORM_BUFFER - Bydpep koHcTaHT (UBO)

- http://mwww.opengl.org/wiki/Buffer Object



http://www.opengl.org/wiki/Buffer_Object

-
OpenGL buffer object

- PaboTta c bydepom, noHATHE TeKyLLEro oobekTa

* KONnnMpoBaHMe AaHHbIX C CPU Ha gpu
glBindBuffer(GL_ARRAY_BUFFER, vbo);

glBufferData(GL_ARRAY_BUFFER, N*sizeof(GLfloat), (GLfloat*)cpuData, GL_STATIC_DRAW);
glBindBuffer(GL_ARRAY_BUFFER, 0);

&
PBO ] W Framebuffer
- KOnMpoBaHne 13 TeKCTypbl ‘tex’ B bydpep ‘vbo’ I
glBindBuffer(GL_PIXEL_PACK_BUFFER, vbo); —unpack O
glBindTexture(GL_TEXTURE_2D, tex);
glGetTeximage(GL_TEXTURE_2D, 0, GL_RGBA, GL_FLOAT, 0); ‘
gIBindBuffer(GL_PIXEL_PACK_BUFFER, 0);

* KonupoBaHue 13 ogHoro dydepa B gpyrom
glBindBuffer(GL_ARRAY_BUFFER, vbol);
glBindBuffer(GL_COPY_ WRITE_BUFFER, vbo2);
glCopyBufferSubData(GL_ARRAY_BUFFER, GL_COPY_WRITE_BUFFER,0,0, S|zeof(float)*N)

~
7

/I glCopyBufferSubData is available only if the GL version is 3.1 or greater.



-
OpenGL buffer object

 LinTata n3s Buku
GL_COPY_READ BUFFER and GL_COPY_WRITE_BUFFER.
These have no particular semantics.

Because they have no actual meaning, they are useful targets for copying
buffer object data with glCopyBufferSubData(...).

You do not have to use these targets when copying, but by using them,
you avoid disturbing buffer targets that have actual semantics.

1

glBindBuffer(GL_ARRAY_BUFFER, vbol);
glBindBuffer(GL_COPY_WRITE_BUFFER, vbo2);
glCopyBufferSubData(GL_ARRAY_BUFFER, GL_COPY_WRITE_BUFFER,0,0, sizeof(float)*N);

N
7




EXT direct state access

- TpagnUMOHHbIN MeTo PpaboTbl C OOBLEKTOM:
gIBindBuffer(GL_ARRAY_ BUFFER, vbo);
glBufferData(GL_ARRAY_ BUFFER, N*sizeof(GLfloat), (GLfloat*)cpuData, GL_STATIC_DRAW);
gIBindBuffer(GL_ARRAY_BUFFER, 0);

« EXT direct_state access
gINamedBufferDataEXT (vbo, N*sizeof(GLfloat), (GLfloat*)cpuData, GL_STATIC DRAW);

- B EXT_direct_state access ectb (b-un ans.

- Pabotbl ¢ bydhepamu

- Pabotbl ¢ VAO

- 3afaHuvs WwengepHbIX nepemMeHHbIMn (uniform nepemMeHHbIX)
- Pabotbl ¢ FBO (Frame Buffer Object)

- http://steps3d.narod.ru/tutorials/dsa-tutorial. html
- http://Iwww.qg-truc.net/post-0279.html



http://steps3d.narod.ru/tutorials/dsa-tutorial.html
http://steps3d.narod.ru/tutorials/dsa-tutorial.html
http://steps3d.narod.ru/tutorials/dsa-tutorial.html
http://www.g-truc.net/post-0279.html
http://www.g-truc.net/post-0279.html
http://www.g-truc.net/post-0279.html
http://www.g-truc.net/post-0279.html
http://www.g-truc.net/post-0279.html

OpenGL, KoHcTaHTb

- . /I vertex shader
¢ GL, B LLIGI/I,EI,epe #version 330
¢ U nIfOI’m nepeMeHHble uniform mat4 projectionMatrix;
o U BO uniform mat4 modelViewMatrix;

in vec2 vertex;
void main(void)

{
H a C P U vecd viewPos = modelViewMatrix*vec4(vertex,0.0,1.0);
gl_Position = projectionMatrix*viewPos;

}
float data[3] = {0.5f, 1.0f, 0.1f};

GLint location = glGetUniformLocation(program, “lightDirection”);

/[ Janee TaK:

glUseProgram(program);

if(location >= 0)
glUniform3fv(location, 1, data);

/Il Uinn Tak:
if(location >= 0)
glProgramUniform3fEXT(program, location, 1, data); // EXT direct state access



-
OpenGL, TekcTypbl

TeKCTypr ObiBaloT:

GL_TEXTURE_1D
- GL_TEXTURE_2D
- GL_TEXTURE_3D
. GL_TEXTURE_BUFFER
- GL_TEXTURE_CUBE_MAP
- GL_TEXTURE_1D ARRAY
- GL_TEXTURE_2D ARRAY
- GL_TEXTURE_CUBE_MAP_ARRAY
- GL_TEXTURE_2D MULTISAMPLE
. GL_TEXTURE_2D MULTISAMPLE_ARRAY

- NoBegeHne TekcTypbl N Byepa oTNNYaeTcs TEM YTO:
- When you use a freshly generated texture name, the first bind helps define the type of the texture.
- Itis not legal to bind an object to a different target than the one it was previously bound with.

- http://www.openagl.org/wiki/Texture



http://www.opengl.org/wiki/Texture

-
OpenGL, TekcTypbl

. TeKCTypa — XpaHunumiuie AaHHbIX
- XpaHunuuie 3Ha4eHU HEKOTOPOU (PYHKLNMK
- Bbibopka 13 TeKCTypbl — NpPOLECC MOSTy4eHUs1 3HaYEHUA 3TO DYHKLMUN
- Bkniovaet B cebst nHTepnonaunio, dunstpaunio, 4EKOMNPeccUs neTty

(DXT cxatmne)
- QYHKUMA MOXKET BbITb 3agaHa Ha -
- 1D ceTtke
- 2D ceTke
- 3D ceTke
- Ky6man P 5%
- OuneTpauusd



OpenGL CbI/IJ'IpraLI,I/IFI TeKCTyp

Bilinear : & Trilinear 3 xAnlsotro it 16x
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OpenGL, dounsTpaunsa TeKCTyp

- Noyemy HyXHa dounbTpauna?




OpenGL, dounsTpaunsa TeKCTyp

- http://cgm.computergraphics.ru/content/view/56



http://cgm.computergraphics.ru/content/view/56

-
OpenGL, dounsTpaunsa TeKCTyp

- Kak onpegenstoT HOMep Mun ypoBHS Npu ounetpaumn?




-
OpenGL, dounsTpaunsa TeKCTyp

- Kak onpegenstoT HOMep Mun ypoBHS Npu ounetpaumn?

void main(void)

{

vec4 colorl = textureLod(someSampler, textureCoords, 0);
vec4 color2 = texture  (someSampler, textureCoords);

vec?2 texDx = dFdx(textureCoords);
vec?2 texDy = dFdy(textureCoords);

vec4 color3 = textureGrad(someSampler, textureCoords, texDx, texDy);



-
OpenGL, TekcTypbl

- HacTtpownka dpunstpaunm
glusLoadTgalmage(file_name.c_str(), &image);

glGenTextures(1, &m_colorTexture);
glBindTexture(GL_TEXTURE_2D, m_colorTexture);

glTexParameteri(GL_TEXTURE_2D, GL_ TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);
glTexParameteri(GL_TEXTURE_2D, GL_ TEXTURE_MAG_FILTER, GL_LINEAR);
glTexParameteri(GL_TEXTURE_2D, GL_ TEXTURE_WRAP_S, GL_REPEAT);
glTexParameteri(GL_TEXTURE_2D, GL_ TEXTURE_WRAP_T, GL_REPEAT):;

glTeximage2D(GL_TEXTURE_2D, 0, image.format, image.width, image.height,
0, image.format, GL_UNSIGNED_ BYTE, image.data);
glGenerateMipmap(GL_TEXTURE_2D);

glusDestroyTgalmage(&image);



[TpnBAska TekcTyp B GL

void bindTexture (GLuint program, GLint unit, const GLchar *name, GLuint texture)

{
glActiveTexture (GL_TEXTUREDO + unit);

glBindTexture (GL_TEXTURE_2D, texture);

GLint location = glGetUniformLocation (program, name);

if(location >=0) = P—— < >
: : : "~ Texture Object
glUniformli(location, unit); > uniform sampler1D texNamel

} i uniform sampler2D texName2
' glActiveTexture(GL_TEXTUREO+1)
glBindTexture()
glUniform1i(..., 1)
=l LY
0 1 2 3 4

Texture Image Units



-
OGL3 glTexParameteri

B OGL3 TeKCcTypbl 1 caMnnepbl He pasaeneHsol

Texture2D:: Texture2D(GLenum format, GLsizei width, GLsizei height, const void* data)
{

glGenTextures(1, &m_colorTexture);

glBindTexture(GL_TEXTURE_2D, m_colorTexture);

glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR_MIPMAP_LINEAR);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEARY);
glTexParameteri(GL_TEXTURE_2D, GL_ TEXTURE_WRAP_S, GL_REPEAT):
glTexParameteri(GL_TEXTURE_2D, GL_ TEXTURE_WRAP_T, GL_REPEAT);

glTeximage2D(GL_TEXTURE_ 2D, 0, format, width, height, 0, format, GL_UNSIGNED BYTE, data);
glGenerateMipmap(GL_TEXTURE_2D);



-
OpenGL4 Sampler

void bindTextureSampler(GLuint program, GLint unit, const GLchar *name,
GLuint texture, GLint sampler)

glActiveTexture(GL_TEXTUREQO + unit);
glBindSampler(unit, sampler);

glBindTexture(GL_TEXTURE_2D, texture);

GLint location = glGetUniformLocation(program, name);

if(location >=0) e Ea——
glUniform1i(location, unit); e { Texture Object )
} 1 uniform sampler2D texName2

glActiveTexture(GL_TEXTURED + 1)
glBindTexture()

glUniform1i(..., 1)

Sampler Object

glBindSampler(1, ...)

= vy

Texture Image Units



-
OGL4 Sampler Object

- B OGL3 TekcTypbl U camMmnnepbl He pa3aeneHobl
- B OGL4 pobasneH obbekT “Sampler”

glGenSamplers (1, &s_id);

glSamplerParameteri (s_id, GL_ TEXTURE_MAG_FILTER, GL_NEAREST);
glSamplerParameteri (s_id, GL_ TEXTURE_MIN_FILTER, GL_NEAREST);
glSamplerParameteri (s_id, GL_ TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glSamplerParameteri (s_id, GL_ TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);

glActiveTexture (GL_TEXTUREO + unit);
gIBindSampler (unit, s_id);



-
OpenGL4 Sampler

void bindTextureSampler(GLuint program, GLint unit, const GLchar *name,
GLuint texture, GLint sampler)

{

glActiveTexture(GL_TEXTUREQO + unit);
glBindSampler(unit, sampler);

gIBindTexture(GL_TEXTURE_2D, texture);

GLint location = glGetUniformLocation(program, name);

if(location >=0) e Ea——
glUniform1i(location, unit); N T ———— ( Texture Object )
} 1 uniform sampler2D texName2

glActiveTexture(GL_TEXTURED + 1)
glBindTexture()

glUniform1i(..., 1)

Sampler Object

glBindSampler(1, ...)

= vy

Texture Image Units



Bump mappimg (Normal mapping)

- NNpes
 V — View BEKTOp

I — OTPaXXeHHbIN V BEKTOP

- | — HanpaBreHne Ha NCTOYHUK
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Bump mappimg (Normal mapping)

- NNpes
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Bump mappimg (Normal mapping)

- NNpes
 V — View BEKTOp

I — OTPaXXeHHbIN V BEKTOP

- | — HanpaBreHne Ha NCTOYHUK
* N - HOpMarb




Bump mappimg (Normal mapping)

- NNpes
 V — View BEKTOp
I — OTPaXXeHHbIN V BEKTOP
- | — HanpaBreHne Ha NCTOYHUK
* N - HOpMarb

Y-axs Z-axis

X-axis



Bump mappimg (Normal mapping)

Tangent space

Texture coords: Texture coords:
[0, 1] [1, 1]

Texture coords: [0, O] Texture coords: [1, 0]

—) S tangent
——) T tangent (binormal)
——— N\ ormal




Bump mappimg (Normal mapping)

- Tangent space




Bump mappimg
- BepwmnHHbIM Wengep

uniform mat4 u_projectionMatrix;
uniform mat4 u_modelViewMatrix;
uniform mat3 u_normalMatrix;

uniform vec3 u_lightDirection;

in vec4 a_vertex;

in vec3 a_normal,

in vec3 a_tangent;
in vec3 a_bitangent;
in vec2 a_texCoord,;

out vec2 v_texCoord;
out vec3 v_tsLight;
out vec3 v_tskye;

J \

P—

Bbixoa VS

http://nopper.tv/openqgl.html



http://nopper.tv/opengl.html

-
Bump mapping

° Be p LIJ M H H bl l‘/"l LLI e I‘/"Iﬂe p Texture ctl):gtl'dls]: L Texture C(ﬁtdf:i

void main(void)

{

v_texCoord = a_texCoord;

// Bring tangent, bitangent and normal to camera space.
vec3 tangent = u_normalMatrix*a_tangent;

vec3 bitangent = u_normalMatrix*a_bitangent;

vec3 normal = u_normalMatrix*a_normal;

exture coords: [1, 0]

Texture coords: [0, 0]

// Brings the light from camera to texture space. —iiangent & 5
. _ - . - . —f angen Inorma

v_tsL!ght.x = dot(ta_mgent, u_IlghtDl_rectl_on), N

v_tsLight.y = dot(bitangent, u_lightDirection);

v_tsLight.z = dot(normal, u_lightDirection);

vec4 vertex = u_modelViewMatrix*a_vertex; // Bring vertex in camera space
vec3 eye = -vec3(vertex); // Calculate eye vector, which is in camera space.

/I Like the light, this brings the eye vector to texture space.
v_tsEye.x = dot(eye, tangent);

v_tsEye.y = dot(eye, bitangent);

v_tsEye.z = dot(eye, normal);

gl_Position = u_projectionMatrix*vertex;

} http://nopper.tv/opengl.html



http://nopper.tv/opengl.html

Bump mapping
- ®parMeHTHbIU WWenaep

uniform sampler2D u_texture;
uniform sampler2D u_normalMap;

in vec2 v_texCoord;
in vec3 v_tsLight;
in vec3 v_tsEye;

out vec4 fragColor;

void main(void)

{

vec4 color = 0.3 * texture(u_texture, v_texCoord); // Fixed 0.3 ambient light.

vec3 normal = (texture(u_normalMap, v_texCoord).xyz * 2.0 - 1.0 )*vec3(1.0f, -1.0f, 1.0f);

vec3 light = normalize(v_tsLight);

float nDotL = max(dot(light, normal), 0.0);

if (nDotL > 0.0)

{ :
color +=...; // pac4eT ocBeLLeHNs Mo QOHry Z-axis [l

} .

fragColor = color;
} Y-axis

http://nopper.tv/openqgl.html



http://nopper.tv/opengl.html

Bump mappimg (Normal mapping)

- http://nopper.tv/opengl.ntml (lesson 7)



http://nopper.tv/opengl.html

Transform Feedback, append-buffer

- DX: Stream Out
- GL: Transform Feedback

- Pesynbrat paboTbl reOMETPUYECKOTO

Lenaepa MOXET OblTb COXpaHEH B _Verexatrbue feteh PN
' Input Assembler

DRAM namsaTb.

—> Frimitive Assembply

- [eomeTpunyeckoro wengepa MoXeT
He ObITb
- (M NUKCenbHOro ToXxe)
- MOXXHO OTKIMIOYUTL pacTepusaTop

| s gutput (inter|

!as!erlzer

gs_output

tex fetche

- [lonyuuntca yto-To noxoxee Ha CUDA o ot color
kernel %—*u put Merger




Stream Out & Transform feedback




Stream Out & Transform feedback

- Paccuyet pmankm yactuy
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-
Frame Buffer Object

- PeHpepwviHr nsobpaxeHuns B TeKCTypy

- FBO — nerkoBecHbIN OOBbEKT K KOTOPOMY NpuaTTadveHsbl:
- N TekcTyp uBeTa

- 1 TekcTypa c bydepom rnyounHbl
glBindFramebuffer(GL_FRAMEBUFFER, fbo);

[  color text.
- coortex2

—— Fragmentshader — . o <

[

- http://www.opengl.org/wiki/Framebuffer Object



http://www.opengl.org/wiki/Framebuffer_Object
http://www.opengl.org/wiki/Framebuffer_Object
http://www.opengl.org/wiki/Framebuffer_Object

<A NVIDIA.

CUDA. |

VS

OpenGL Compute



-
OpenGL 4.3

From Application From Application

v \ 4
Vertex Puller Dispatch

v v

Vertex Shader -

\ 4
Tessellation Control Shader

A4

Tessellation Primitive Gen.

\ 4

Tessellation Eval. Shader

\ 4
Geometry Shader

v
I BREESE — rromrorm st |
Legend

Rasterization From Application

Compute Shader

\ 4 v
Fixed Functi
nction Stage Fragment Shader - Pixel Assembly

Programmable Stage \ J v
Per-Fragment Operations Pixel Operations

\ v

Pixel Pack




-
GPGPU

- CUDA, OpenCL, Direct Compute, OpenGL Compute

void glDispatchCompute( num_groups_X, num_groups_y, hum_groups_z );

T

I
IT

L1
L1
L1

If the problem is 2D, then
num_groups_z = 1

— num_groups_y —>

If the problem is 1D, then
num_groups_y = 1 and
hum_groups_z = 1

num_groups_x ———>




-
GPGPU

- CUDA, OpenCL, Direct Compute, OpenGL Compute

20x12 (=240) total items to compute:

The Invocation Space can be 1D,
2D, or 3D. Thisoneis 2D.

0
8
5
Q
5
=
<
|
5 Work-Groups A
v
— 5
#WorkGroups = GloballnvocationSize o
WorkGroupSize =
(a9}
51l = 20x12
4x3

4 Work-ltems —>



-
CUDA VectorAdd (CUDA_SDK)

float* h_A = (float*)malloc(size); // Device code

float*h_B = (float*)malloc(si_ze); __global__ void VecAdd(const float* A, const float* B, float* C, int N)
float* h_C = (float*)malloc(size);

{
// Initialize input vectors int i = blockDim.x * blockldx.x + threadldx.x;
Randominit(h_A, N); if (i< N)
Randominit(h_B, N); CIi] = Ali] + BIi;
/I Allocate vectors in device memory }

cudaMalloc((void**)&d_A, size);
cudaMalloc((void**)&d_B, size);
cudaMalloc((void**)&d_C, size);

/I Copy vectors from host memory to device memory
cudaMemcpy(d_A, h_A, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_B, h_B, size, cudaMemcpyHostToDevice);

I/l Invoke kernel
int threadsPerBlock = 256;
int blocksPerGrid = (N + threadsPerBlock - 1) / threadsPerBlock;

VecAdd<<<blocksPerGrid, threadsPerBlock>>>(d A,d B,d C, N);

I/l Copy result from device memory to host memory
/' h_C contains the result in host memory
cudaMemcpy(h_C, d_C, size, cudaMemcpyDeviceToHost);



BbluncnntenesHble wengepsbl (GL)

- Shader

t#version 430 core

layout(binding = 1) buffer inputBuffer

{
float Input(];

}In;

layout(binding = 2) buffer outputBuffer

{
float Ouput[];

} Out;
layout (local _size x =256, local_size y =1, local size z=1)in;

void main(void)

{
Out.Ouput[g! GloballnvocationID.x] = 2.0*In.Input[gl GloballnvocationID.x];

}



-
BbluncnntenesHble wengepsbl (GL)

CosngaHune bydepos, konupoBaHne aaHHbIXx ¢ CPU Ha GPU

int N = 1024,
std::vector<float> array1(N);
std::vector<float> array2(N);

for(int i:o;i<array1_size();i++) CUdaMa”OC((VOid**)&bUfl arrayl.size());

{ cudaMemcpy(bufl, &arrayl1[0], size, cudaMemcpyHostToDevice);
arrayl[i] = float(i)/10.0f; 1‘
array2[i] = 0.0f;

} v

GLuint buf1;

glGenBuffers(1, &bufl);

glBindBuffer (GL_SHADER_STORAGE_BUFFER, bufl);

glBufferData (GL_SHADER_STORAGE_BUFFER, arrayl.size()*sizeof(float), &array1[0], GL_STATIC_DRAW );

GLuint buf2;

glGenBuffers(1, &buf2);

gIBindBuffer(GL_SHADER_STORAGE_BUFFER, buf2

glBufferData(GL_SHADER_STORAGE_BUFFER, array2.size()*sizeof(float), &array2[0], GL_STATIC_DRAW);



BbluncnntenesHble wengepsbl (GL)

- 3anyck BbIYNCNUTENBHOIO Lenaepa

glUseProgram(a_progQ);

gIBindBufferBase(GL_SHADER_STORAGE_BUFFER, 1, bufl):
gIBindBufferBase(GL_SHADER_STORAGE_BUFFER, 2, buf2):

glDispatchCompute(arrayl.size()/256, 1, 1);
glIMemoryBarrier(GL_SHADER_STORAGE_BARRIER_BIT);

int threadsPerBlock = 256;
int blocksPerGrid = N/ threadsPerBlock;

MyKernel<<<blocksPerGrid, threadsPerBlock>>>(bufl, buf2):
cudaThreadSynchronize();




BbluncnntenesHble wengepsbl (GL)

- CynTbIiBaHMe AgaHHbIX Ha CPU

glBindBuffer(GL_SHADER_STORAGE_BUFFER, buf2);

void* resultData = gIMapBufferRange( GL_ SHADER STORAGE_ BUFFER,
0, array2.size()*sizeof(float),
GL_MAP_READ_BIT);

memcpy(&array2[0], resultData, array2.size()*sizeof(float));
glUnmapBuffer(GL_SHADER_STORAGE_BUFFER);

std::cout << "CS, output buffer values: " % std::endl;

for(int i=0;i<10;i++)
std::cout << array2]i] << std::endl; l
glDeleteBuffers(1, &bufl); cudaMemcpy(&array2[0], buf2,
glDeleteBuffers(l, &buf2); array2.size()*sizeof(float),
cudaMemcpyDeviceToHost);




byoet nu nporpamma paborarb?

CosngaHune bydepos, konupoBaHne aaHHbIXx ¢ CPU Ha GPU

int N = 1024,
std::vector<float> array1(N);
std::vector<float> array2(N);

for(int i=0;i<arrayl.size();i++)
{
arrayl[i] = float(i)/10.0f;
array2[i] = 0.0f;
}

GLuint buf1;

glGenBuffers(1, &bufl);
glBindBuffer(GL_SHADER_STORAGE_BUFFER, bufl);
glBufferData(GL_SHADER_STORAGE_BUFFER, arrayl.size()*sizeof(float), &array1[0], GL_STATIC_DRAW );

GLuint buf2;

glGenBuffers(1, &buf2);

glBindBuffer(GL_SHADER_STORAGE_BUFFER, buf2) ;

glBufferData(GL_SHADER_STORAGE_BUFFER, array2.size()*sizeof(float), &array2[0], GL_STATIC_DRAW);



-
byoet nu nporpamma paborarb?

CosngaHune bydepos, konupoBaHne aaHHbIXx ¢ CPU Ha GPU

int N = 1024,
std::vector<float> array1(N);
std::vector<float> array2(N);

for(int i=0;i<arrayl.size();i++)
{
arrayl[i] = float(i)/10.0f;
array2[i] = 0.0f;
}

GLuint buf1;

glGenBuffers(1, &bufl);
glBindBuffer(GL_SHADER_STORAGE_BUFFER, bufl);
glBufferData(GL_SHADER_STORAGE_BUFFER, arrayl.size()*sizeof(float), &array1[0], GL_STATIC_DRAW );

GLuint buf2;

glGenBuffers(1, &buf2);

glBindBuffer(GL_ARRAY_BUFFER, buf2);

glBufferData(GL_ARRAY_BUFFER, array2.size()*sizeof(float), &array2[0], GL_STATIC_DRAW);,

gINamedBufferDataEXT(buf2, array2.size()*sizeof(float), &array2[0], GL_STATIC_DRAW);,






-
Otnagka B OpenGL

#define CHECK_GL_ERRORS ThrowExceptionOnGLError(__ LINE__, FILE_ )

static void ThrowExceptionOnGLError (int line, const char *file)

{
static char errMsg[512];

GLenum gl_error = glGetError();

if(gl_error == GL_NO_ERROR)
return;

switch(gl_error)

{
case GL_INVALID_ENUM:

sprintf(errMsg, "GL_INVALID_ENUM file %s line %d\n", file, line);
break;

case GL_NO_ERROR:
break;

default:
sprintf(errMsg, "Unknown error @ file %s line %d\n", file, line);
break;

}

if(gl_error '= GL_NO_ERROR)
throw std::runtime_error(errMsg);

}



-
Otnagka B OpenGL

- glGetError()
- YnobHo ucnonb3oBaTb Makpoc Tuna CHECK GL ERROR

- [pegnonoxum glTeximage2D creHepnpoBana oLnoKy
GL_INVALID_VALUE

GL_TNVALID VALUE is generated if widthis less than 0 or greater than GL_MAX TEXTURE SIZE.

GL_TINVALID VALUE is generated if target is not GL_TEXTURE 1D ARRAY of GL_PROXY TEXTURE 1D ARRAY and height is
GL_TINVALID VALUE is generated if target is GL_TEXTURE 1D ARRAY 0f GL_PROXY TEXTURE 1D ARRAY and height is les
GL_TINVALID VALUE is generated if 1evel is less than 0.

GL_TINVALID VALUE may be generated if 1evel is greater than log,(max), where max is the returned value of GL_MAX TEXTURE
GL_TNVALID VALUE is generated if intermalFormat is not one of the accepted resolution and format symbolic constants.
GL_TNVALID VALUE is generated if width or height is less than 0 or greater than GL. MAX TEXTURE SIZE.

GL_TNVALID VALUE is generated if non-power-oftwo textures are not supported and the width or height cannot be represented

GL_TNVALID VALUE is generated if borderis not 0.



-
OpenGL Debug Output

- Debug Layer, HeobxoamMmo rnpaBuIibHO CO34aTb KOHTEKCT!

int attribList[] =
{
WGL_CONTEXT_MAJOR_VERSION_ARB, 1,
WGL_CONTEXT_MINOR_VERSION_ARB, 0,
WGL_CONTEXT_FLAGS_ARB, WGL_CONTEXT_FORWARD_COMPATIBLE_BIT_ARB |
WGL_CONTEXT_DEBUG_BIT_ARB,
0,0,0
%

attribList[1] = g_major;
attribList[3] = g_minor;

if ({(hRCTemp = wglCreateContextAttribsARB(g_hDC, 0, attribList)))

{
destroyWindow();

return false;

}



-
OpenGL Debug Output

- Debug Layer, HeobxoamMmo rnpaBuIibHO CO34aTb KOHTEKCT!

int attribList[] =

{
WGL_CONTEXT_MAJOR_VERSION_ARB, 1,
WGL_CONTEXT_MINOR_VERSION_ARB, 0,
WGL_CONTEXT_FLAGS_ARB A SE—CONFEXT—FORWARBD—GOMPATIBLE BIT_ARB |

WGL_CONTEXT_DEBUG_BIT_ARB,

0,0,0
h

attribList[1] = g_major;
attribList[3] = g_minor;

if ((hRCTemp = wglCreateContextAttribsARB(g_hDC, 0, attribList)))

{
destroyWindow();

return false;

}



-
OpenGL Debug Output

void CALLBACK DebugCallback(unsigned int source, unsigned int type, unsigned int id, unsigned int severity,
int length, const char* message, void* userParam)

{

std::cerr << "GL_Error : " << message << std::endl;

}

glEnable(GL_DEBUG_OUTPUT_SYNCHRONOUS_ARB);
glDebugMessageCallbackARB(&DebugCallback, NULL);

glDebugMessageControlARB(GL_DONT_CARE, GL_DONT_CARE, GL_DONT_CARE, 0, NULL, GL_FALSE);
glDebugMessageControlARB(GL_DONT_CARE, GL_DEBUG_TYPE_ERROR_ARB, GL_DONT_CARE, 0, NULL, GL_TRUE);

glDebugMessageControlARB(GL_DONT_CARE, GL_DEBUG_TYPE_PERFORMANCE_ARB, GL_DONT_CARE, 0, NULL, GL_TRUE);
glDebugMessageControlARB(GL_DONT_CARE, GL_DEBUG_TYPE_DEPRECATED_BEHAVIOR_ARB, GL_DONT_CARE,0,NULL, GL_TRUE);
glDebugMessageControlARB(GL_DONT_CARE, GL_DEBUG_TYPE_PORTABILITY_ARB, GL_DONT_CARE, 0, NULL, GL_TRUE);
glDebugMessageControlARB(GL_DONT_CARE, GL_DEBUG_TYPE_UNDEFINED_BEHAVIOR_ARB, GL_DONT_CARE, 0, NULL, GL_TRUE);

/I ERROR. Debug output callback should be called at this point
Il
glBindVertexArray(-1); CHECK_GL_ERRORS;
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Tnagka B OpenGL

vidia Nsight

-:-@g

@0 superscnicsled (Debugging) - Microsoft Visual Studio (Administrator) -
File Edit Yiew Project Build Debug Team MNsight Data Tools Test Apalyze Window Help
gl S d e 4 R0 - -E-E | b [Debug Nin32 | [# |RuntimeApiTrace t R R BB - | | e

H ]

4 ] %% (3% he % e

! Process: ‘[4116] SupersonicSled.exe 'l Thread: |[U] Graphics Default Context

i
o
=Y

SledDarkMetal - Copy.psh & 3
EIMRT_OUT main ( g2fConnector g2f )

float3 N = normalize ( g2f . worldiormal ) ;
float3 T = normalize { g2f . worldTangent ) ;
float3 B = normalize { g2f . worldBinormal ) ;

float dispTiling = 4 ;

float displacementHeightCodeScale = @.8815 ;
if (dot (N, cross (T, B ) )<@)

i

1

float mindesiredlength = 2043.0 ;

float2 uv_offset_over = ddx ( g2f . tex ) ;

float 1_over = length ( uv_offset_over ) ;

float desiredlengthover = max ( 1.8 / mindesiredlength , 1 _over ) ;

uv_offset_over *= desiredlengthover / 1_over ;

float2 uv_offset_up = ddy ( g2f . tex ) ;

float 1_up = length ( uv_offset_up ) ;

float desiredlengthup = max ( 1.2 / mindesiredlength , 1 _up } ;

uv_offset_up *= desiredlengthup / 1_up ;

float4 normalTap = s_dispTilesTex . Sample ( Repeaténiso8 , g2f . tex . xy * dispTiling ) ;

float4 normalTapOver = s_dispTilesTex . Sample ( RepeatAniso8 , g2f . tex . xy * dispTiling + uv_offset_over * di
float4 normalTaplp = s_dispTilesTex . Sample ( RepeatAnisod , g2f . tex . xy * dispTiling + uv_offset_up * dispTi
float displacementCenter = displacementHeight * dot ( normalTap , dispWeights ) * displacementHeightCodeScale ;
float displacementOver = displacementHeight * dot ( normalTapOver , dispWeights ) * displacementHeightCodeScale ;
float displacementUp = displacementHeight * dot ( normalTapUp , dispWeights ) * displacementHeightCodeScale ;
float3 tanNermalBump = normalize ( - cross ( fleat3 ( uv_offset_over . x , uv_offset_over . y , ( displacementOve -
4 m ] s

displacementHeightCodeScale *= - 1.8 ;

O

Shaders

'| L d \\*’ Stack Frame: |Shaden SledDarkMetal - Copy.psh - [0] mi " =

Graphics Focus Picker

Summary
Show the summary of the current status

Vertices (3D View)

Show the paused vertices in a 3D view

Vertices (Table View)

Show the paused vertices in a ble view

Geometry (Table View)
Show the paused geometry shader threads

Pixels
Show the paused pixels on the current
render target

Compute
Show the pausad compute threads

Shader Type

Vertex Ready. HLSL
Pixel Rea HLSL
Vertex Readly. HLSL
Pixel Ready. HLSL
Vertex Shader has not yet been used by the application.  HLSL
Pixel Shader has not yet been used by the application.  HLSL
Vertex Shader has not yet been used by the application.  HLSL
Pixel Shader has not yet been used by the application.  HLSL
Vertex Shader has not yet been used by the application.  HLSL

Symbolics Status

v I X

Pixels

RTO - 1280x720 - (R16G16B16A16 FLOAT) ~

1 Baused Pixels
17E0x720

576,302

Language

MName Value Type o MName
@ worldNormal [x = -0.0099726664, y = -0.03755236, z = 0.09924493} | flost3 69 mai

@ worldCoord {x= 051191813, y = 34421073, 2 = 0.18642822, w =1 floatt || [l
i worldBinormal {x = 0.13819657, y = 0.98963982, z = 0.038570616} float3 71 main
@ worldTangent [x = 0.99034107, y = -0.13847685, z = 0.0046797399} | flost3 2 main
@ tex [x = 0.076345407, y = 0.86025811] flost?  |E .
@ projVelocity [x = 0.00010310233, y = 6.8565554¢-05] float2 73 main

= @N [x = -0.0099726655, y = -0.037552357, z = 099924481} | float3 74 main
@ x -0.0099726655 flost 75 main
by -0.037552357 float 76 main
vz 099924481 float 77 main

[ 8

B Watch1 B Find Results1

Shaders [ NEIEI

mmand Win

& Immediate |

dow B Output



Otnagka B OpenGL

Edit

View Debug Breakpoints Tools Window Help

g O M = 4) (=T (Charged) Wed 3:59PM Q

® gDEBugger File

Phoenix

Home

== \V cut "i Load Level <7 New Level

Load ltem W, G

B, ~ 5
Rabbot paste "R Copy 3 Save Item 3 Save Level

vold Graphics::

CH sctVlewport(L n<[ GLin

if (adduwe)ScLBlendFunc( L_S

alco. SokBlondG,

€L 5D,

startx, const GLint starty, const GLint endx,

setAdditiveBlend(const bool additive)

glViewport(startx, starty, endx-startx, endy-starty);

gDEquger GL - Source Code viewer — /Volumes/Storage/OvergrowthSVN/wolﬁre/Pro@ect/Source/q;

const GL

gDEBugger GL - Shaders and Kernels Source Code editor

B Texture 161

Buffers list

v L All Buffers
v ¢ Static Buffers
' Depth Buffer
‘v Stencil Buffer
‘v Back Buffer
' Front Buffer

v w Vertex Buffer Objects

] GLContext1 ¢

Active Uniforms

Iperties view

[ ]fex(ure 159
1 18

—

\

Programs and Shaders List Linfarmatian nanel o
Name Type ~
LA f.NN gDEBugger GL - lugaru2
Vertex Shader 35 7
8 f ) A )rs f . Bl — Gnn |
Fragment Shader 36 modelMatrix GL_ﬂ b e 0 B Bl " . ] 2B Thread 9... |5 GL Context 1 ﬂ El B a Interactive break |5 ] [] 100
Program 37 :J | Function Calls History OpenGL State Variables Calls Stack Properties
Vertex Shader 38 A “ GL Context 1 - 1 OpenGL function calls OpenGL State Variable t Value 2 glMatrixMode [inlined] - graphl(m
el M ‘ e 9bEWpOR(D; 0, BD0; 600} FAdd State;Vara.:. Graphics::startDraw - graphics.c Galls;3ack
- normalMatrix GLFH . Function Name glMatrixM
Program Properties Engine::Draw - engine.cpp, line. DT

SDL_main - main.cpp, line 54 |

-[SDLMain applicationDidFinishl v

/Volumes, | |/
Line Number 694

= PURS

Debugged Process Events

Performance Dashboard

Program 37 cam_pos CL_F‘
Attached Shaders fade GLF
Is Successfully Linked Yes | ey a4 Performance Graph
S|
x 3 e
Is Marked for Deletion No | Tah GLS,
Used in Last Frame No ws_light GL| |
Program Link Log Emp Fs G A~ A A AN /\Wj\
Program Geometry Parameters A tex2 GL 51
- —
S TYRY || texo GLS] . -
(_/ 4 > J

Counter Name
& GDB GL Frames/sec: GL Context 1

aBc Output String: cubemapobjcharri.
aec Output String: Shader Data/GLS ..

@ GDB GL OGL calls/frame: GL Contex! - gg¢ Output String: Handling SIGTERM

0OS CPUs Average Utilization
4 Add performance counter...

<

aec Output String: Wrote signal to sh
By Break

N8

OGL c.. CPUs . +*

Frame..

N



Otnagka B OpenGL

- GLSL DeviL

GL Trace ax

Sl Xetnwin ||| B2z =
PCOeanGlL_DEPTH_BUFFER_BITIGL_COLOR_BUFFER_BIT) -
PMartMode(GL_PROJECTION)

= T
P

o oadice ntity)
MUY i3 0x ] Medctieal)
PMataMode(GL_MODELVIEW)

GLoadicenyty)

@iTranslates0 000000, 0 000000, -5 HOODO0)
@Retated0 060000, 0000000, 0.000060. 1 H00000)
FUseProgramObjectARS())

PGatUnmomiL ocatonAR D), 0x442104)

Shader Sounce a8

(- N

BT

Wil @5 = veediD 0|

sdaler = teature IDOVOLUME, pos]
werd wr = texturs2D(TRANSFERFUNCTIONLE, veck| s
dst sl

W (dsta >
| =11k
}abse [
pos += dir; -
| += stepdize;
3
}
} -

Vertex Shader | Geometry Shader I Fragment Shader

GUMDIMATAREXS, 0.003800. 0003900, 250.000000, 256 500000)
PCEAUNIOMLOCAIONAR B3, 03442116)
@Uniform 1 ARB(2, 0.007812)
ginnble(GL_VERTEX_PROGRAM_POINT_S
@Begn(GL_PONTS)

@ColorND 293232, 0.293232, 0.0600000, 0 909961

@NGmalIN1.000000, 1000000, 1.000000)

@Veriex3f0.000000. -0 200000, 0.100000)

gEnd)

gDwsable(GL_VERTEX_PROGRAM_PONT_SIZE)
PUseProgramObjectARB(D)

PMatiModeiGL_MODELVIEW)

giLoadicentity()

POrho{0.000000, 512 000000, 0.000000, 512.000000, -1.000000, 1 DOX
PMabtMode(GL_MODELVIEW)

G oadisentty()

@Calor31.000000, 1.000000, 1 SO0000;
PushARrS(GL_CURRENT_BITIGL_PONT_BITIGL_LINE_BITIOL_POLY
gOsable(GL_DEPTH_TEST)

GMabLAMOde(GL_MODELVIEW)

SOCOOCCCOO0 ¢ ¢ ¢ ¢ ¢ OOCCOOOCCOOCOC

PEUE T
Grmmatry Shader Mantiig Cabes, Cord Cras s st

o 0 ges
—
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Pa3paboTka CnoXHbIX LLENJEPOB

- DirectX11 “Dynamic Shader Linkage”
- OpenGL4 “Subroutine”

- AHanor BmpTyarnbHbIX PyHKUMn, Ho (M)
- OTO He BUpTYyarbHbIe PYyHKUNN!

@ Uber-shader @ Dynamic Subroutine Combinatorial Explosion
foo (...) { Material1 (...) { e } Number of Lights
if (m==1){ Material2(...) { ... }
// do material 1 Light1(...) { ... }
i i . Light2(...) { .. }

// do material 2

3
3

o
]

S
g
g
=
w

}

if (L==1) { foo _

/1 do light model 1 myMaterial.Evaluate(...);
}else if (L == 2) { myLight.Evaluate(...);

// do light model 2 }
}

} nvision os




OpenGL subroutine

#version 400
subroutine vec3 shadeModelType( vec4 position, vec3 normal);
subroutine uniform shadeModelType shadeModel;

subroutine ( shadeModelType )
vec3 phongModel( vec4 position, vec3 norm )
{
/I The ADS shading calculations go here (see: "Using
// functions in shaders," and "Implementing
Il per-vertex ambient, diffuse and specular (ADS) shading")

}...

subroutine ( shadeModelType )

vec3 diffuseOnly( vec4 position, vec3 norm )

{
vec3 s = normalize( vec3(Light.Position - position) );
return Light.Ld * Material.Kd * max( dot(s, norm), 0.0 );

}



OpenGL subroutine

_ _ subroutine vec3 shadeModelType( vecd position, vec3 normal);
void main() subroutine uniform shadeModelType shadeModel;

{

vec3 eyeNorm,
vecd eyePosition;

I/l Get the position and normal in eye space
getEyeSpace(eyeNorm, eyePosition);

// Evaluate the shading equation. ThS will call one of
// the functions: diffuseOnly or

LightIintensity = shadeModel( eyePosition, eyeNorm );

gl_Position = MVP * vec4(VertexPosition,1.0);



OpenGL subroutine

glUseProgram (programHandle);

GLuint adsIndex =
glGetSubroutinelndex(programHandle, GL_ VERTEX_ SHADER,"phongModel");

GLuint diffuselndex =
glGetSubroutinelndex(programHandle, GL_VERTEX_ SHADER, "diffuseOnly");

glUniformSubroutinesuiv( GL_VERTEX SHADER, 1, &adsindex);
... I Render the left teapot

glUniformSubroutinesuiv( GL_ VERTEX_ SHADER, 1, &diffuselndex);
... Il Render the right teapot



CcCbINKn

- OpenGL 3.0+/4.0+

- http://steps3d.narod.ru
- http://www.gamedev.ru/community/ogl/
- http://nopper.tv/opengl.html
- http://www.arcsynthesis.org/gltut/
- http://www.opengl-tutorial.org/
- http://www.opengl.org/wiki
- http://www.opengl.org/sdk/docs/man3/
- http://www.opengl.org/wiki/Common Mistakes

- OpenGL 4.0+

- http://Iwww.openagl.org/sdk/docs/man4/
- http://www.nvidia.com/content/devzone/opengl-driver-4.3.html



http://www.gamedev.ru/community/ogl/
http://www.gamedev.ru/community/ogl/
http://www.gamedev.ru/community/ogl/
http://nopper.tv/opengl.html
http://www.arcsynthesis.org/gltut/
http://www.opengl-tutorial.org/
http://www.opengl-tutorial.org/
http://www.opengl-tutorial.org/
http://www.opengl.org/wiki
http://www.nvidia.com/content/devzone/opengl-driver-4.3.html
http://www.nvidia.com/content/devzone/opengl-driver-4.3.html
http://www.nvidia.com/content/devzone/opengl-driver-4.3.html
http://www.nvidia.com/content/devzone/opengl-driver-4.3.html
http://www.nvidia.com/content/devzone/opengl-driver-4.3.html
http://www.nvidia.com/content/devzone/opengl-driver-4.3.html
http://www.nvidia.com/content/devzone/opengl-driver-4.3.html
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http://www.nvidia.com/content/devzone/opengl-driver-4.3.html
http://www.nvidia.com/content/devzone/opengl-driver-4.3.html




Bonpocbl Ha BHUMAaTENBLHOCTbL

- B yem ocobeHHOCTb paboTbl ¢ o6bekTamn B OpenGL ?

glBindBuffer(GL_ARRAY_BUFFER, vbo);
glBufferData(GL_ARRAY_BUFFER, N*sizeof(GLfloat), (GLfloat*)cpuData, GL_STATIC_DRAW);

- Yto fobasnaet pacwmnHeHne EXT_direct_state_access?

gINamedBufferDataEXT (vbo, N*sizeof(GLfloat), (GLfloat*)cpuData, GL_STATIC DRAW);

- [lna yero HyxeH Transform Feedback?
- B 4yem ocobeHHOCTL? et |

Vertex Shader ’

A S
Geometry Shader |

Transform Feedback Mode
~  Vertex Attributes
————

m dback Buffer

Render Output ’
)
Pixels

Back Buffer, Texture, Pixel Buffer




Bonpocbl Ha BHUMAaTENBLHOCTbL

- B yem otnnume gl4 subroutine ot BUpTYanbHbIX QYHKLNNA?

CrtaTuyeckas aucnetyepusaums, ynpasnsiemas co cTopoHsl CPU

- Kak noButb owindkm OpenGL ?

Makpoc CHECK GL ERROR nocre kaxgoro Bbi3osa +
Debug Call Back gns nonydeHunsa getaneHon nHgopmaumm o6 ownbke

- B yem otnnyumne npueBasku tekctyp s GL 3 n 4 ?

B OpenGL4 BBeneH obbekT Sampler
glSamplerParameteri (s_id, GL_ TEXTURE_MAG_FILTER, GL_NEAREST);
glSamplerParameteri (s_id, GL_ TEXTURE_MIN_FILTER, GL_NEAREST);

void main(void)

{
! vec4 color2 =texture(someSampler, textureCoords);
}



Bonpocbl Ha BHUMAaTENBLHOCTbL

- Y10 Takoe TpunmHenHaa ounsrpaumna?

BunuHenHaa punstpauma Ha 2 Gnumkanmx Myun ypoBHAX +
NMHenHaa punsTpauna Mexay HIMK

- B 4yem otnnymne B noBegeHnn yHKLUA

glBindBuffer(...); Bydep moxeT 6bITb NPUBA3aH K pas3nmyHbIiM criotam “target”
glBindTexture(...); [MepBbIn BbI3OB 3TOW (b-MM pa3 U HaBcerga onpenernseT TUMN TeKCTYpbl

- CKOMnbKO TPeyroribHMKOB ByaeT HapucoBaHoO ?
glDrawArrays(GL_TRIANGLE_STRIP 0, 6);

GL_TRIANGLE_STRIP




