penGL

PV112 — Programovani grafickych
aplikaci

8. prednaska — Uniform buffer objekt,

redukce poctu glDraw¥,
multisampling



Interface blok

* Seskupuje proménné dohromady
* Proin, out, uniform

* Syntaxe: Priklad:
qualifier block name uniform LightData
{ {

members vecd4d position;

vec3 ambient;

vec3 diffuse;

vec3 specular;
} [instance name]; } light;



Interface blok

* jnstance _name je nepovinna:

out VertexData out VertexData
{ {

vec3 pos WwSs; vec3 pos Wws;
s } output;

pos ws = M matrix * pos; output.pos ws = M matrix * pos;



in/out interface blok

* Pouze pro promenné posilané mezi shadery,
nikoliv pro vstup do VS nebo vystup z FS

VS: FS:
out VertexData in VertexData
{ {
vec3 position; vec3 position;
vec3 normal; vec3 normal;
} outData; } inData;

* block_name a proménné musi byt stejné,
instance_name nemusi



uniform interface blok

e Seskupuje uniformni proménné dohromady

uniform LightData
{
vecd4 position;
vec3 ambient;
vec3 diffuse;
vec3 specular;
} light;

* Data proménnych jsou ulozené v bufferu
(uniform buffer objektu — UBO)



Uniform buffer objekty

* Dalsi typ buffer objektu
« GL UNIFORM BUFFER

* \lytvoreni bufferu, nacitani/aktualizace dat
jako u jinych buffert

GLuint light ubo;

glGenBuffers (1, &light ubo);

ngindBuffer(GL UNIFORM BUFFER, light ubo);
(

glBufferData (GL UNIFORM BUFFER, ...);

glBufferSubData(...);



Uniform buffer objekty

GLuint glGetUniformBlockIndex (

GLuint program, const char *name)

e Ziskame index uniform interface bloku
e program = shader program
* name = jméno bloku, nikoliv instance

* Vraci GL _INVALID INDEX, pokud dany blok
neexistuje



Uniform buffer objekty

uniform LightData { ... };
— dotazuji se na LightData

uniform LightData { ... } light;
— dotazuji se na LightData, nikoliv na light

uniform LightData { ... } light[2];
— dotazuiji se na LightData
— ziskany index odpovida light[0]
— ziskany index +1 odpovida light[1]



Navazani UBO

void glUniformBlockBinding (GLuint program,
GLuint uniformBlockIndex,

GLuint uniformBlockBinding)

* Pro zadany program svaze index uniform bloku
uniformBlockIndex se mistem
uniformBlockBinding.

 MuzZeme tak navazat uniform buffer vzdy ke
stejnému mistu, at ma blok v daném
programu jakykoliv index



Navazani UBO

void glBindBufferBase (GLenum target,

GLuint index, GLuint buffer)

* Navazeme UBO buffer na binding point index
* target = GL _UNIFORM_BUFFER

e Zaroven navaze buffer pro operace jako
glBufferData, giMapBuffer apod.



LD locl = glGetUniformBlockIndex (programl, “LightData”);
LD locZ2 = glGetUniformBlockIndex (program2, “LightData”);
LD loc3 = glGetUniformBlockIndex (program3, “LightData”);
glUniformBlockBinding (programl, LD locl, 0);
glUniformBlockBinding (program2, LD loc2, 0);
glUniformBlockBinding (program3, LD loc3, 0);

glBindBufferBase (GL UNIFORM BUFFER, 0, light ubo);

glUseProgram (programl) ;
glDraw*
glUseProgram (program?2) ;
glDraw*
glUseProgram (program3) ;
glDraw*



Navazani UBO

void glBindBufferRange (GLenum target,
GLuint index, GLuint buffer,

GLintptr offset, GLsizeiptr size)

 Podobna jako glBindBufferBase, ale navaze jen
cast bufferu v rozsahu daném parametry

offset a size



Zarovnani dat v UBO

* OpenGL zarovnava jednotlivé proménné
v uniform bloku, aby k nim |épe pristupoval

— kvuli rychlosti, pristupum do paméti apod.

e Zpusob zarovnani se zadava v shaderu pomoci
layout(zptsob)
— std140, shared, packed, ...

layout (stdl40) uniform LightData
{

} light;



layout (std140)

e Dulezita je velikost prvku (v bytech) a jejich
zarovnani (v bytech)

* bool, int, uint, float: velikost 4, zarovnani 4

layout (stdl140)
{
bool bl, b2;
int 11;
float f1, £2;
int 12;
bool b3, b4,
int 13;
float £3;

uniform U

bb5;
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4 8 12
bl | b2 | i1l | f1
f2 | i2 | b3 | b4
b5 | i3 | 3




layout (std140)

e *yec2: velikost 8, zarovnani 8

layout

{

Y

int 11;
float f£1;

(std140)

vec?2 vl1, v2;

int 12;
float £f£2,
vec’? v3;

£3;

uniform U O

16
32
48
64

4 8 12
il | fl vl

V2 i2 | f2
f3 v3




layout (std140)

* *yec3: velikost 12, zarovnani 16(!)

layout (stdl40) uniform U 0 4 8 12
{
vecl3 vl1, v2; vl
float f1, £2; 16
vec3 v3; v2 f1
} 32
f2
48
v3
64




* *vec4: velikost 16, zarovnani 16

layout (std140)

layout (stdl140)

{

vecd vl1, v2;
float f£2;
vecd v3;

uniform U
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layout (std140)

e pole T[n]: vel. ,nasobek(16) * n“, zarovnani 16
— velikost 16*n pro int, float, vec2, ...

— velikost | T|*n pro matice a dalsi

0 4 8 12

layout (stdl140) uniform U i1
S 16
int 11; f[O]
float f[2]; 32
int 12; fl1]
¥ 48
i2

64



layout (std140)

* *mat*: jako pole vektoru

— poradi prvku v matici stejné, jako bychom pouzili
GL _FALSE pro transposed u glUniformMatrix

0 4 8 12

layout (stdl40) uniform U m[0]m[1]jm[2]

{ 16
mat3 m; m[3]m[4]m[5]

¥ 32
m[6]m[7]m[8]

48

64



0 4 8 12

16

32

layout (stdl140) uniform U 48

{ mat?2 ml; 64
mat3 m2;

mat4d m3; 80

144



layout (std140)

e struktury: vel. ,nasobek(16) * n“, zarovnani 16

0 4 8 12
struct S
{ f .
float £f; 16 :
vec?2 v; 32
int 1;
Y
0 4 8 12
layout (stdl140) uniform U i1
{ 16
int 11;
5 s; 32 S
int 12; 48
b i2

64



layout (std140)

 Rada na zaver: Dokud si nejste jisti, pouzivejte
pro vsechno vec4 a mat4 :-)



Dalsi moznosti layout

Specifikace indexu vstupni proménné VS

layout

(location

1)

in vecd4 normal;

Specifikace indexu vystupni proménné FS

layout

(location

0)

out vecd4 final color;

Specifikace binding pointu UBO

layout

(std140,

binding = 1) uniform LightData {

Specifikace indexu uniformni proménné

— nelze sdilet mezi shadery

layout

(location

0)

uniform int light count;



Urychlovani vykreslovani

V oV

* Nekteré operace v OpenGL jsou narocnéjsi

— zmeny stavu a volani glDraw™

Relative costs of State Changes ,f?.m

In decreasing cost...
* Render Target |

* Program ~300K / s
* ROP

* Texture Bindings | | ~15M/s
¥ Vertex Format

® UBO Bindings "" 7 }

* Vertex Bindings -

* Uniform Updates L ~10M /s

Note: Not to scale

NVIDIA: Beyond Porting



Snizovani poctu glDraw®

e Je lepsi pomoci 1 glDraw™ vykreslit 1000000
trojuhelniku, nez pomoci 1000 glDraw*
vykreslit 1000 trojuhelniku

* |nstancovani
* Dalsi techniky



Instancovani

* Kreslim naraz stovky objektu, které se lisi jen
nékolika malo atributy

— pozice, barva apod.

GPU Gems 2 GPU Gems 3



Instancovani

void glDrawArraysInstanced (GLenum mode,
GLint first, GLsizeil count,
GLsizel primcount)

volid glDrawElementsInstanced (GLenum mode,
GLsizei count, GLenum type,
const void *indices, GLsizei primcount)

e Stejné jako g/IDrawArrays a gIDrawElements
e primcount = pocet instanci



Instancovani

* Ve vertex shaderu mame promeénnou

gl _InstancelD, ktera obsahuje index dané
Instance

* MuUzeme pouzit pro ziskani dat instance
napriklad z pole ulozeného v UBO



Instancovani

uniform ObjectData

{

mat4 model matrices[400];
vec4d model colors[400];

|
out vecd color;

vold main ()

{

mat4 model matrix = model matrices[gl InstancelD];
color = model colors[gl InstancelD];



Instancovani




Instancovani

* Druha moznost, jak poslat data instance, je
pres VAO jako vstupni proménnou VS

in mat4 model matrix;
in vecd4 model color;

out vecd color;

volid main ()

{

// transform object using the model matrix
color = model color;



Instancovani

volid glVertexAttribDivisor (

GLuint index,

GLuint divisor)

* jndex = index vstupni proménné

* divisor = urcuje, komu jsou data urcena

.. O

ata pro
ata pro
ata pro

kazo

kazo

kazo

y vrchol (per-vertex)
ou instanci (per-instance)
ou druhou instanci



Instancovani

* Proménné typu *mat* zadavame jako nékolik
samostatnych vektoru

* |Index vstupni proménné je index prvniho
vektoru

* Dalsi vektory maji index +1, +2, ...



glBindBuffer (GL ARRAY BUFFER, model matrices vbo);

glEnableVertexAttribArray (model matrix loc);

glEnableVertexAttribArray (model matrix loc+l);
glEnableVertexAttribArray (model matrix loc+2);
glEnableVertexAttribArray (model matrix loc+3);

glVertexAttribPointer (model matrix loc, 4, GL FLOAT,

GL FALSE, l6*sizeof(float), nullptr);
glVertexAttribPointer (model matrix loc+l, 4, GL FLOAT,

GL FALSE, l6*sizeof (float), (void *) (4*sizeof (float)));
glVertexAttribPointer (model matrix loc+2, 4, GL FLOAT,

GL FALSE, l6*sizeof(float), (void *) (8*sizeof (float)));
glVertexAttribPointer (model matrix loc+3, 4, GL FLOAT,

GL FALSE, l6*sizeof(float), (void *) (12*sizeof (float)));

glVertexAttribDivisor (model matrix loc, 1);

glVertexAttribDivisor (model matrix loc+l, 1);
glVertexAttribDivisor (model matrix loc+2, 1);
glVertexAttribDivisor (model matrix loc+3, 1);
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Priklady instancovani

Unreal Engine 4



Dalsi techniky

* Degenerovaneé trojuhelniky

— OpenGL nekresli trojuhelniky s nulovym obsahem,
ani jako usecky

B D G I

A C EEFF H J

A B C D E E/F FI G H|I | J

developer.apple.com



Dalsi techniky

* Primitive restart

— Pouzitim specifického indexu OpenGL zacne kreslit
primitivum znovu

— Je treba povolit: glEnable(GL_PRIMITIVE RESTART)

— Je tfreba zadat index: glPrimitiveRestartindex(idx)
* nejCasteji Oxffff pro ushort a Oxffffffff pro uint

o, 1, 2, 1, 3, 0, ©5535, 4, 5, o, 4, 7, ...



Dalsi techniky

void glMultiDrawArrays (
GLenum mode, const GLint *first,
const GLsizei *count, GLsizel drawcount)

void glMultiDrawElements (
GLenum mode, const GLsizei *count, GLenum type,
const GLvoid * const * indices, GLsizei drawcount):;

e Jako ne-Multi protéjsky

* \/yzaduji pole first/count a count/indices o
velikosti drawcount namisto parametru

* Kresli stejny druh primitiv (mode je stejny)



Dalsi techniky

void glDrawElementsBaseVertex (
GLenum mode, GLsizel count, GLenum type,

const GLvolid *indices, GLint basevertex)

e Jako g/IDrawElements, ke vSem indexum pricte
basevertex

* Vhodné, pokud mam vice geometrii ve
stejnych bufferech

o, .. kostka .., 123, 0, .. konev .., 450,



Souhrn

* |nstancovani se hodi :-)

e Ostatni véci méjte v pameéti, muzete se s nimi
setkat

— Ale ve svych projektech je pravdépodobné
potrebovat nebudete.



Aliasing

e Alias — ,zubatost” na okrajich

e Zpusoben vysokofrekvencni informaci

navzorkovanou s nizkou frekvenci
4£(x)
original

sample signal




Aliasing

e Zubatost — jaggies
* Trepotani — flickering objects

e Efekt kol vagoénu (aliasing v Casové doméné)
e https://www.youtube.com/watch?v=jHS9JGKEOmMA

» QEPOOCHOOCHOOCOO®
O © © © © © © © @

)+ (O O 0 0 &
®©@ & ©® 6 O @



https://www.youtube.com/watch?v=jHS9JGkEOmA




Antialiasing

* Antialiasing — odstranéni/redukce aliasingu

— postprocessing: rozmazani nekterych hran
* Napr: TXAA, FXAA, MLAA

— supersampling
susgc)a(rsgixel
1

\
| |
y
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—

T corresponding

/ pixel
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Supersampling

* Vyhody:
— jednoduchy na implementaci
— kvalitni vysledky
* Nevyhody:
— Vyzaduje velké mnozstvi pameéti, bandwidth
* FullHD: cca 2 mil pixeld, cca 16 MB x pocet vzorkU
— Vyzaduje velky vypocetni vykon
 NVIDIA DSR (Dynamic Super Resolutions)



Multisampling

e Zjednoduseny supersampling
* MSAA, napr. 8x MSAA

2x MSAA 4x MSAA 8x MSAA

anandtech.com



Multisampling

Redi problém vykonu, nikoliv pamét;i
Fragment shader se spusti pouze jednou

— barva vsech fragmentu je stejna

— vypocet hloubky a stencilu je provadén pro kazdy
fragment zvlast

Vvhladi okraje, nevyhladi vnitrek trojuhelniku
Dobry pomér cena/vykon



Multisampling — vytvoreni FBO

e Vytvorit multisample textury do FBO

void glTexImage2DMultisample (GLenum target,
GLsizei samples, GLenum internalformat,

GLsizel width, GLsizei height,
GLboolean fixedsamplelocations)

e target = GL_TEXTURE 2D MULTISAMPLE
* internalFormat, width, height — glTexlmage2D

* samples = pocet vzorku
* fixedsamplelocations = staCi nam GL _FALSE




Multisample textury a FBO

* VSechny textury napojené na framebuffer
objekt musi mit stejny pocet samplu
— Jinak mame nekompletni FBO

 Multisample textury nelze vzorkovat
— |ze specialnimi funkcemi

* NejpohodInéjsi je pouzit g/BlitFramebuffer pro
kopirovani dat mezi multisample
texturami/FBO a béZznymi texturami/FBO



Multisampling — pouziti

* Povoleni a zakazani
— glEnable/qglDisable(GL_MULTISAMPLE)
e Dotaz na pocet vzorku
— glGetintegerv(GL_SAMPLES, &samples)
* Prace s deravymi objekty
— glEnable/Disable(GL_SAMPLE ALPHA TO COVERAGE)

— Prevadi alphu fragmentu na
pokryti, provadi tak alpha test




