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[} Dairy

4. Storage and fermenting area

In this area, the normalized milk is stored in tanks. Depending on the type of the future product, it is either fermented for »
yogurt or kefir, or directly passed to the bottling lines as a pasteurized milk.
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UTO Ona 3TOro Hy»XHO?

GAME ADVANCED.

CPU COMPUTE
CORES

Up to four new
multi-threaded AMD
“Steamroller” CPU CORES
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HUMA Shared Memory Controller

Up to eight GCN GPU CORES? powering
parallel compute and next-gen gaming
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UTO Ona 3TOro Hy»XHO?




API| nporpammupoBaHna GPU

- 'padhuka
- BeluncneHus obuiero Ha3Ha4YeHus

Applications

DirectX OpenGL CUDA OpenCL

PU

U




[ocTtyn K pyHKUMoHansHoctn GPU

ﬁPU GPN

OpenGL 4.3

\GPU GW




-
OpenGL 4.3

From Application From Application
v v
Vertex Puller Dispatch
v h 4
Vertex Shader
h 4
Tessellation Control Shader
v
Tessellation Primitive Gen.
4
Tessellation Eval. Shader

\ 4
rpanMKa Geometry Shader

v
[ - e

Legend Rasterization From Application
v v
Fragment Shader - Pixel Assembly

Programmable Stage \ 4 v
EeREG] || |_Per-Fragment Operations e
|__t-TextweBinding _ | . >

Pixel Pack

Compute Shader

|

BbluncnenHus

Fixed Function Stage
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[ padpnyecknmn koHBenep (YrnpoLLEHHO)

LINE{@ o) TRIANGLE(® @ © )

Vertices Transf. Veriices Connectivity
o s o nformation
® Geom. Ops.
o —
e o e © U
Assembly
] _ .‘____________,D
Colored Fragments Fragments
Raster
HIED mm >

Interpolation
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[ padbnyeckmi KoHBeENep 1 LWenaepsol

Vertex attribute fetch struct VS_INPUT

" Input Assembler {
float4 position : POSITION;

float3 normal : NORMAL:
float2 texCoord : TEXCOORD:

' float3 tangent : TANGENT;
| VS_output }

vertex attributes

indices

vs_output
*< Early depth & stencil test
vs_output (interpolated) '

ps_output < Late depth test

G

tex fetches

render to texture




[ padonyeckm KoHBenep




[ padonyeckm KoHBenep




[ padonyeckm KoHBenep

Vertex attribute fetch
[ LINE(o o); TRIANGLE(® ® © ]
hle
' Transf Vertices -
Verices Connectivity vertex attributes
O o nformation tex fetches

. ® Geom. Ops. ©

Assembly vs_output

L _ — ._____,_...-—-D

Colored Fragments Fragments
Raster
e o™ [

Interpolation

W B il ——1 -:!—— o

= - - PIAY;

! vs_output
é

vs_output (inter

tex fetches

ps_output <

render to texture

{ color




[ padpn4eckn KOHBENED

Vertex attribute fetch

https://simonschreibt.de/gat/renderhell-book1/



-
Model => World =>View => Clip

- MooenbHoe npocTtpaHcTeo (Model)




p

=> Cl

Model => World =>View

- Munposoe npoctpaHcTeo (World)




p

=> Cl

Model => World =>View

- NpocTpaHcTBo kamepsbl (World)
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-
Model => World =>View => Clip

- Ha BbIxoge 13 BeplIMHHOIO Wengepa koop4. B clip space

.}’ far-clipping plane —,

frustum <
’G
7 ~heat-clipping plane
@ o
< Carnera

Camera Space

4,10

111

y

A

11,1

41,0

/z

11,1
11,0

Clipping Space



PacTtepusaums

- Cama pacrtepusauma He CrioxxHee 3akpacku
npsMoyronbHuka!







OpenGL3

- Pnucyem tpeyronbHuK

\

3arpyska TekcTa wengepos 13 anna

- Komnunauusa (vs_text, ps_text) -> (vs, fs)

JlnnkoBka  (vs, fs) => program
« g_prog = ShaderProgram(...);

CosgaHuve 1 3arpy3ka JaHHbIX
« GLuintg_vbo1 = ... // 3arpyxaem nosnLmv BepLUmnH
« GLuintg_vbo2 = ... // Ha GPU
« (g_vbol, g vbo2) =>g vao

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

Yka3aTtb VS OTKyda YNTaTb daHHbIE
- glBindVertexArray(g_vao);

Draw call

Vertex attribute fetch

|npu! !ssemgler o

vertex attributes

vs_output

rrmitve AssembDply

| vs_output
asterizer <

vs_output (inter
tex fetches

ps_output <

render to texture

erger

color

screen

 glDrawArrays(GL_TRIANGLES, 0, 3); // 3 — kon-BO BbI30BOB BEPLUNHHOIO Lengepa



-
OpenGL3 (1 - VBO, VAO)

float trianglePos[] = {
-0.5f, -0.5f,
0.5f, -0.5f,
0.0f, +0.5f,

Vertex attribute fetch

]
Input Assembler ~

vertex attributes

vs_output

Primitive Assembly

vs_output

3

GLuint g_vertexBufferObject = 0;
GLuint g_vertexArrayObject = 0;
GLuint vertexLocation = O;

Rasterizer <

vs_output (inter

ps_output <

render to texture

Output Merger

color

glGenBuffers(1, &g_vertexBufferObject); Screen
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_FALSE, 0, Q)

_ | Texture Coordinates Vertex Buffer 1

Vertex Buffer 2




VBO n VAO

1
g o v v
e glBindBuffer(...); glBindBuffer(...):
. 7'.\\ glBufferData(...); glBufferData(...);
v
* / N |
s ~0.% y \ 2.5
ﬂ "006 \ -005
A _
X ~axis 1

Vertex attribute fetch

vertex attributes







-
OpenGL3 (2 — Shader setup and Draw)

Vertex attribute fetch

input Rssemgier i~

vertex attributes

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

vs_output

rimitive Assembly

vs_output

/I ... pacyeTt maTtpuubl modelView

Rasterizer <

vs_output (inter

GLint location = glGetUniformLocation(g_program.program, "modelViewMatrix"); b5 output <
if(location >= 0)
glUniformMatrix4fv(location, 1, GL_FALSE, (GLfloat*)&modelView);

/] ... TO Xe camoe Ansa maTpuubl NPoeKkumn

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




OpenGL3 (2 — Shader setup and Draw)

Vertex attribute fetch

~ Input Assembler ¢

vertex attributes

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

vs_output

-~ Primitive Assembly

\l] vs_output

Rasterizer <

vs_output (inter

render to texture ps_output <

Output Merger

\L color

screen




-
OpenGL3 (3 —Shaders)

/I vertex shader
#version 330

Vertex attribute fetch

inpu! Rssemgier i~

vertex attributes

vs_output

uniform mat4 projectionMatrix;
uniform mat4 modelViewMatrix;

rimitive Assembply

vs_output
ﬁasterlzer <

vs_output (inter

in vec2 vertex;

render to texture

void main(void)

{

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

}

/I fragment shader
#version 330
out vec4 fragColor;

void main(void) ( Posion }—»

{ — ‘> (Texture Coordinates)—» Vertex Buffer 1
fragColor = vec4(0,1,0,0); 3 : ( Nomal  |—»

} F Color )—> Vertex Buffer 2

Vertex Shader (1)







Cbopka NpUMNTMBOB

- B annapatype Bcé genaetcs Yepes3 TpeyrornbHUKN

Vertex attribute fetch

LINE(o o); TRIANGLE(® @ © )

Vertices Transt Verlices

vertex attributes

e annE{:t_wlty tex fetches
o ® nformation
° ] Geom. Ops.
e O o o
. Assembly indices | :
o—°
|
Colored Fragments Fragments = ——— vs_outplt = -
Raster —
cor ™ o [ _
Interpolation
il —1 .
W EEEEEE vs_output (inter
. tex fetches

render to texture ps_output <



Cbopka NpUMNTMBOB

- B annapatype Bcé genaetcs Yepes3 TpeyrornbHUKN

GL_TRIANGLES

GL_TRIANGLE_STRIP

GL_TRIANGLES_ADJACENCY

GL_TRIAMGLE_STRIP_ADJACENCY

GL_TRIANGLE_FAN

5
3 4 6 1 3 5 &
L [ ‘ 4
1 2 2 2 3 &
2,7 3

Vertex attribute fetch

vertex attributes
tex fetches

~Ys.oufput_

Y/ = )

D1V |

<

vs_output (inter
tex fetches

render fo texture

ps_output <

! color



Vertex attribute fetch

Input Assembler “

PacTtepunsaTtop

vertex attributes

- OTCceyeHme

- Pactepusauuns

- Z-6ydoep (Early-z test)

- bydoep Tpadapeta (Stencil test)

Primitive Assembly

I————+.vs=outpuh—|

Rasterizer < |

<——  Output Merger

- IHTepnonauusa atpubyToB ——
" | F
]
||

Hhr eat




Pactepusatop (Z-Buffer)

http://raphaello.univ-fcomte.fr/ig/zbuffer/zbuffer.htm
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Pactepusatop (Z-Buffer)

=3 7B uffer Yersion 3

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

- Kak nsbexarb?
»Cpaenartb 6onblue TOYHOCTL (4OCTYNHO 16, 24 unun 32 6uT)
»>He pucoBaTtb reomeTpuio Ha O gHOW 1 TOW Xe rmybunHe
»>OnpegennTtb NOPsiA0K OTPUCOBKU U UCnonb3oBaTtb  9iDepthFunc(GL_LESS);




Depth & Stencil Test

= Depth Testing
enabled?

Start Stencil Test

5 Stencil Testing
enabled?

Comgpare stencll buffer value (with
read mask) and reference value (with

Compare src and dest

depth values read mask)
Depth Test Result Stencil Test Result
-

5 Depthynte
Enabla?

L 4
Calculate new stencl value
based on DepthTest and
StencilTest result

Yes ( End Depth Test j

Apply Depth Write Mask and
save depth component

¥

¥

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

¥

|} End Stencil Test )




[ padbnyeckmi KoHBeENep 1 LWenaepsol

Vertex attribute fetch struct VS_INPUT

" Input Assembler {
float4 position : POSITION;

vertex attributes float3 normal : NORMAL;
float2 texCoord : TEXCOORD:
float3 tangent : TANGENT;

vs_output
T }’

indices

VS_output
*< Early depth & stencil test

vs_output (interpolated)

tex fetches

Late depth test




[Z[T [~ 7| Sphere Eversion [~

Output Merger

- Anba-cmMmelumBaHmne

From Computer Deshtop Encyclopedia
Reprinted with permission.
E 1993 Intergraph Computer Systems




-
Output Merger

- Anbdra-cmeLinBaHune
- glEnable(GL_BLEND)
- glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)

- gIDisable();

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



[ padbnyeckme npouecopsl

Vertex attribute fetch

|npu! !ssemgler o

vertex attributes

- 'padhuka
- BeluncneHus obuiero Ha3Ha4YeHus

tex fetches

Shader Shader
Core Core

vs_output

rrmitve AssemDply

' vs_output
asterizer <

vs_output (inter

Shader Shader
Core Core

Shader Shader
Core Core

tex fetches

Task Distributor

ps_output <

render to texture
Shader Shader

Core Core

screen



[ padonyeckme npoLiecopbl







[ padpnyecknmn koHBenep (basa)




-
OpenGL 2.0 / DirectX9

» 2 OCHOBHbIX NPOrpaMMmpyemMbIX cTagnn

BepwuHHan eo0o0o0o0o0o0

NMukcenbHan




OpenGL 3.2 / DirectX 10

« 3 OCHOBHBbIX nporpamMmmMmmpyemMbix Ctaamnm

BepwunHHanA

feomeTpuyeckKan

NMukcenbHasna




[ eomMeTpuyecknn LLengep




[ eomMeTpuyecknn LLengep

- [1Na 4Yero HyXeH?
- PaccuutaTtb HoOpManu
- [eHepauuna kBagoB (YacTumubl)
- Shadow Volume
- CubeMapGS
- Toone Shading




[ eomMeTpuyecknn LLengep

@ CubeMapss | @ “

D30 10 VS on (1024x768), RBGEREAS LUNDRM SRGH (MS1, Q)

lWT!:mulmu(.u <80 T
>

N
) reflect (I ) N)

Vs YIS



[ eomMeTpuyecknn LLengep
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BepLUnHHBLIN U doparMeHTHbIN LWenaepbl

#version 400 #version 400
in vec4 vertex; in vec3 sparkColor;
in vec4 velocity; out vec4 fragColor;
out vec3 pointPos; void main(void)
out vec3 pointVelocity; {
fragColor = vec4(sparkColor,1);

void main(void) }
{

pointPos = vertex.xyz;

pointVelocity = velocity.xyz; . > /
}

pointPos sparkColor

—

pointVelocity



[ eomeTpuyeckun wengep

#version 400 void main(void)
layout (points) in; {
layout (line_strip, max_vertices = 2) out; vec3 pos = pointPos|0];

vec3 vel = pointVelocity[O];
in vec3 pointPos [];

in vec3 pointVelocity []; vec3 posl = pos - 0.75f*vel;
out vec? fragmentTexCoord; gl_Position = projectionMatrix*(modelViewMatrix*vec4(pos,1));
out vec3 sparkColor; sparkColor = 2*vec3(2,1,0);
EmitVertex();
uniform mat4 projectionMatrix;
uniform mat4 modelViewMatrix; gl_Position = projectionMatrix*(modelViewMatrix*vec4(posl1,1));
uniform float delta_t = 0.1f; sparkColor = 2*vec3(1,2,0);
EmitVertex();
GL_TRIANGLES GL_TRIANGLE_STRIP GL_TRIANGLE_FAN E n d P r| m |t|ve () ;

3 4 6 1 3 s 5

L [ - 4 }
2 5 [

B 2 a
GL_TRIANGLES_ADJACENCY GL_TRIANGLE_STRIP_ADJACENCY

B 4 8

6 . L]
q 7;"‘ : sl e 19””’12
S s Rt



Transform Feedback, append-buffer

- DX: Stream Out
- GL: Transform Feedback
- Pesynerat paboTbl reoMeTpny4eckoro

Lenaepa MoXeT OblTb COXpaHEH B Vertex atiribute fetch A
" Input Assembler
DRAM naMﬂTb. . vertex attributes

—> Frimiuve Assembly

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

| s gutput (inter!

!as!erlzer

gs_output

A
A

tex fetche

- [lonyuuntca yto-To noxoxee Ha CUDA et e ‘ color
kernel S utput Merger J



Stream Out & Transform feedback




Stream Out & Transform feedback

- Paccuet pmankm yactuy

' Il“
JLI I




Teccenauma (KkpaTko)

From Application From Application

O E v v

:—h Vertex Puller Dispatch

\ 4 v

I ey
v

Compute Shader

Tessellation Control Shader
v

Tessellation Primitive Gen.

\

Tessellation Eval. Shader

-
Geometry Shader

v
(R o
Legend

Rasterization From Application

| = M
Fragment Shader + Pixel Assembly

| Programmable Stage | v \ 4

Per-Fragment Operations Pixel Operations

v \
Pixel Pack

| Fixed Function Stage




Teccenauusa (KpaTko)




Teccenauma (KkpaTko)




[ padonyeckm KoHBenep




-
OpenGL

- APl ana goctyna K pyHKumoHansHoctn GPU
- MynsTnnatopMeHHbLIN

- MynbTHA3bLIKOBOW

- INpouenypHbIn

- lnHamMmmnyeckm pacLumpsemMoin

- YKasaTtenu Ha pyHKLnm
- wglGetProcAdress(...)

- [locTyn K 06bekTamM OCYLLECTBAAETCS NPU MOMOLLM
LLenoYnCcrneHHbIN MMEH

- [NoHATMe Tekyllero obbekTa
glGenBuffers (1, &m_vbo);
glBindBuffer(GL _ARRAY_BUFFER, m_vbo);
glBufferData(...);




-
OpenGL

- MynbTU-a3bIKoBOU ?

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

- Lleno4ncneHHbIn umeHa ?

- NoHATHe Tekyuero obvekTa ?

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 CnoThbl ®OyHkuum gl

buf2 N

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

tex1 N glTexParameteri(GL_SLOT_NAME, ...);

glGetTeximage(GL_SLOT_NAME, ...);



OObeKTbI U CYLLHOCTU

- KOHTEekKkeT Vertex attribute fetch
* VAO Hma—/\

- Wenoepsol
- KOHCTaHThI

vertex attributes

- bydepnl (VBO, PBO, UBO ...) | v outpu

¢ TeKCTypr = envf_eoztput (interpolated)

A

- Sampler (OpenGL 4) ronder o g o e

- *Image (OpenGL 4) | coor
m m

- CocToaHnsa

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



-
OpenGL buffer object

- CosgaHune bydepa

glGenBuffers(1, &vbo);

- PaboTta c bydepom
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 sepwmvH (VBO)
- GL_ATOMIC_COUNTER_BUFFER - ANA aToMapHbIX onepaunm
- GL_COPY_READ BUFFER - KonupoBaHue Tnna bydep => Bydep
- GL_COPY_WRITE_BUFFER - KonupoBaHue Tuna bydep => bydep
- GL_DRAW _INDIRECT_BUFFER - onga “draw indirect”
- GL_DISPATCH_INDIRECT_BUFFER - ana “dispatch indirect”
- GL_ELEMENT_ARRAY_BUFFER - Bydep nHaekcos
- GL_PIXEL_PACK BUFFER - copy (Tekctypa => 6ydpep) (PBO)
- GL_PIXEL_UNPACK BUFFER - copy (bycdbep => 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 - Bydbep koHcTaHT (UBO)

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



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

-
OpenGL buffer object

- Pabota ¢ bydepom, NOHATHE TEKYLLEro obbekTa

* KOnnMpoBaHMe 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);

pack
PBO Framebuffer

- KonMpoBaHue 13 TeKCTypbl ‘tex’ B bydpep ‘vbo’ IR —
glBindBuffer(GL_PIXEL_PACK_BUFFER, vbo); —unpack e
gIBindTexture(GL_TEXTURE_2D, tex); -
glGetTeximage(GL_TEXTURE_2D, 0, GL_RGBA, GL_FLOAT, 0): ‘
glBindBuffer(GL_PIXEL_PACK_BUFFER, 0); :

* KonupoBaHue 13 ogHoro dydpepa B gpyrom Al e =
glBindBuffer(GL_ARRAY_BUFFER, vbo1l); '
glBindBuffer(GL_COPY_WRITE_BUFFER, vbo2);
glCopyBufferSubData(GL_ARRAY_BUFFER, GL_COPY_WRITE_BUFFER,0,0, sizeof(float)*N);

N
Tl

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



-
OpenGL buffer object

 LlnTata 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.

%

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 ¢ bydhepamm

- 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://www.g-truc.net/post-0279.html

OpenGL, KoHCcTaHTbI

/I vertex shader

e GL, B UJeVI,El,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 \inn Tak:
if(location >= 0)
glProgramUniform3fEXT(program, location, 1, data); // EXT direct state access



OpenGL, KoHcTaHTb!




-
OpenGL, TekcTypbl

TeKCTypr bbiBaloT:

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 TekCcTypbl N Byepa oTNMYaeTcs 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 — XpaHunumuie AaHHbIX
- XpaHunuuie 3Ha4eHU HEKOTOPOU (PYHKLNM
- Bbibopka 13 TeKCTypbl — NPOLECC MOSTy4eHUs1 3HAYEHUA 3TO DYHKLUUN
- Bkntovaet B cebs nHtepnonsaunto, unstpaunto, AeKomrnpeccma nety

(DXT cxatmne)
- QYHKUMA MOXET BbITb 3agaHa Ha .
- 1D ceTtke
- 2D ceTke
- 3D ceTke
- Ky6man P 3%
- OduneTpauus



OpenGL CbI/IJ'IpraLI,I/IFI TeKCTyp

s |I|near Y Trlllnear 4 ax Anlsotro il 16x Anisotrg

igk§k‘. L

W 1

4.




OpenGL, dpunetpaumna TEKCTYpP

- Noyemy HyXHa dounsTpauna?




OpenGL, dpunetpaumna TEKCTYpP

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



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

-
OpenGL, dpunetpaumna TEKCTYpP

- Kak onpegenstotr HoMep Mun ypoBHS Npu ounetpaumn?




-
OpenGL, dpunetpaumna TEKCTYpP

- Kak onpegenstotr HoMep Mun ypoBHS Npu ounetpaumn?

void main(void)

{

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

vec?2 texDx = dFdx(textureCoords);
vec2 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) = —— < >
: : : "~ Texture Object
glUniformli(location, unit); > uniform sampler1D texNamel

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

Texture Image Units



-
OGL3 glTexParameteri

B OGL3 TeKCcTypbl 1 caMnnepbl He pasgeneHol

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) - m————
glUniformli(location, unit); A E———— ( Texture Object )

} i uniform sampler2D texName2

| elActiveTexture(GL_TEXTUREO + 1)

glBind Texture()
glUniform11i(..., 1)
______________________________________ : Sampler Object
glBindSampler(1, ...)

Texture Image Units



-
OGL4 Sampler Object

- B OGL3 TekcTypbl U camnnepbl He pa3geneHsbl
- 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) - m————
glUniformli(location, unit); A E———— ( Texture Object )

} i uniform sampler2D texName2

| elActiveTexture(GL_TEXTUREO + 1)

glBind Texture()
glUniform11i(..., 1)
______________________________________ : Sampler Object
glBindSampler(1, ...)

Texture Image Units






Kak pabotaetr GPU

Render:il§§

Change State

Render:@




Kak pabotaetr GPU

Render: il
Change State
Render:@
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-
OpenCL

clEnqueueWriteBuffer

blocking_write

If blocking_write is CL_FALSE, the OpenCL implementation will use ptr to perform
a nonblocking write. As the write is non-blocking the implementation can return
immediately. The memory pointed to by ptr cannot be reused by the
application after the call returns. The event argument returns an event object
which can be used to query the execution status of the write command. When the
write command has completed, the memory pointed to by ptr can then be reused

by the application.



-
Kak pabotaet GPU




Kak pabotaet GPU




OcobeHHocTn pabotbl ¢ GPU




OcobeHHocTn pabotbl ¢ GPU




OcobeHHOCTN paboThbl




-
OcobeHHocTu padboTtbl GPU




[Toyemy nx MHOro?

da ian
s

mN ax, 1




[Toyemy nx MHOro?

add R1,R2
mul RO,R1

add R1,R2 *
mul RO,R1 *

add R1,R2
add R1,R2 *
add R1,R2 **

mul RO,R1
mul RO,R1 *
mul RO,R1 **

add R1,R2 **
mul RO,R1 **

CI: add rl,r2,r3
J: sub r4,rl,r3
e
met1 KN EX EX KN G
1 2NN 3 B4l 5

Iinst ) e
ea

Thread

v G X XXX XXX @

STALL READY

" D@ XXXXXXX)

READY STALL

@ - <xccuting @) =ready (not executing) (X X) = stalled






OTno)XxeHHoe 3aTeHeHne

- Deferred shading




