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Historia do pipeline

DirectX 6 Directx 7

k z Directx & Direct< 9  Direct® 9.0c
] Mulmeﬂunng TEL SM 1.x EM20 SM 3.0
D"_E‘ﬂ 2 Riva TNT ~ GeForce 256 appreeg GeForceFx GeForce 6
Riva 128 yya) {NV10) (NV20) (NV30) (NV40)
] s rg
= I | | | | |
| | | | 1 | |
1996 1998 1990 2000 2004 2002 2003 2004
Directx 10
SM 4.0
Unified Shader Model
GeForce 8
GBO
(GB0) .
GeForce 9
Z006 HIOE 2009 2010
Geforece 4xx (Fermi)
Mirecik 11

SM 5.0



Motivacao

modelos com alto nivel de detalhe
reducao da necessidade de largura de banda
animacao mais eficiente

— sO precisa animar a malha grosseira
— subdivide ap6s a animacao
view-dependent LOD continuo
Possibilidade de novos algoritmos



Motivacao

Silhueta facetada no jogo MAFIA Il



Motivacao

Silhuetas bem delineadas com o Tessellator



Performance do Tessellator

Quantidade de

Triangulos(em

FPS Tessellator

FPS CPU

Torus milhoes)

20000 163.84 11 1
10000 81.92 22 1

5000 40.96 45 3
2500 20.48 00 10
1000 8.192 223 80
500 4.096 440 141
100 0.8192 080 490
10 0.08192 1030 050
1 0.008192 1050 1020




Performance do Tessellator

CPU Memory GPU Memory
H808.24 (.24

2049.12 0.12

1479.56 0.06

T737.28 0.03

204.91 0.012

147.45 (0.006

29.49 0.0012

2.94 0.00012

0.29 0.000012




Performance do Tessellator
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PN-Triangles vs Phong Tessellation
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PN-Triangles vs Phong Tessellation
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PN-Triangles vs Phong Tessellation
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PN-Triangles vs Phong Tessellation

FPS - Phong Tessellation vs PN-Triangles ( Tigre )
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PN-Triangles vs Phong Tessellation

Tigre (Njimero de Triangulos em | Ganho (em %) Ganho (em
milhoes) FPS)
0.036 26.17% 28
0.47 36.49% 27
0.87 44.00% 22
1.30 43.24% 16
2.00 50.00% 14
2.60 45.45% 10
3.50 52.94% 9
4.40 57.14% 8
5.40 63.64% 7
6.50 66.67% 6
7.80 50.00% 4

9.1 57.14% 4
11.0 50.00% 3
12.0 60.00% 3
14.0 75.00% 3
16.0 50.00% 2




Renderizacao de Tubos 3D




Renderizacao de Tubos 3D
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Renderizacao de Tubos 3D

e Possibilidade de LOD continuo




Renderizacao de Tubos 3D — Melhora
do aliasing

* Raio pode ser setado dinamicamente por patch no Hull Shader
 Em nossa solug¢ao setamos o raio para ocupar dois pixels em espaco de
mundo.

Toggle lull soreas
Toggla REF (F1)
Change dovice (FI)
Show Nanzapes

Togale tull scress
Toggle EEF (F3)
Change dovice (FI}
Shov Boeragor




Renderizacao de Tubos 3D

Milhoes de | FPS - técnica | FPS - Tessella- | FPS - Tessella-
Triangulos CPU tor com AA tor sem AA
184.3 0 10 11

28.6 1 59 60

12.3 64 102 104

11 71 111 114

0.8 79 124 130

8,6 89 136 147

7,4 99 145 167

6,1 120 178 194

4.9 141 210 23l

Sl 181 247 286

2.5 242 320 S

1.2 335 418 500

0,61 h18 621 720

0,3 730 835 911

0,12 930 999 1050

0,061 970 1050 1112
0,0061 1100 1111 1135




Renderizacao de Tubos 3D

Memoria técnica CPU (em MB)

Nossa técnica(em MB)

13270

184,32

2059 28 8
886 12,16
702 10,88
706 0,6
619 8,32
533 7,68
439 6,4
353 5,12
266 3,81
130 2,56
36 1,28
44 0,64
29 0,32
9 0,16
1 0,08
0 0,00




Renderizacao de Tubos 3D
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Renderizacao de Terrenos em GPU

*Adicionado Frustum Culling em GPU em relacao ao artigo original



Renderizacao de Terrenos em GPU —
Tecelagem maxima(HAM)
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Renderizacao de Terrenos em GPU —
Tecelagem minima

* Razdo entre a tolerancia e a altura em espaco de tela é proporcional
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Renderizacao de Terrenos em GPU

FPS Frames per Second
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Renderizacao de Terrenos em GPU
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Outras possibilidades

J.C. Yang, J. Hensley, H. Griin, and N. Thibieroz, "Real-Time Concurrent Linked List
Construction on the GPU", presented at Comput. Graph. Forum, 2010, pp.1297-
1304.

Order Independent Transparency

— — Computer Graphics Forum
COMPUTER

GRAPHICS Volume 29, Issue 4, pages
forum 1297-1304, June 2010




Order Independent Transparency

Construction by Example

e C(Classical problem in computer graphics

e Correct rendering of semi-transparent geometry requires sorting —
blending is an order dependent operation
* Sometimes sorting triangles is enough but not always
: Multiple meshes interacting (many draw calls)
— Impossible to sort: Intersecting triangles (must sort fragments)

Advances in Real-Time Rendering Course

7/28/2010 .
Siggraph 2010, Los Angeles, CA



Algorithm Overview

0. Render opaque scene objects
Render transparent scene objects

2. Screen quad resolves and composites
fragment lists

Advances in Real-Time Rendering Course
7/28/2010 vancest ' ing
Siggraph 2010, Los Angeles, CA



Step 0 — Render Opaque

* Render all opaque geometry normally

Render Target

[
N

Advances in Real-Time Rendering Course

7/28/2010 .
Siggraph 2010, Los Angeles, CA



Algorithm Overview

0. Render opaque scene objects
1. Render transparent scene objects

— All fragments are stored using per-pixel linked lists
— Store fragment’s: color, alpha, & depth

2. Screen quad resolves and composites
fragment lists

Advances in Real-Time Rendering Course

7/28/2010 .
Siggraph 2010, Los Angeles, CA



Setup

* Two buffers
— Screen sized head pointer buffer

— Node buffer — large enough to handle all
fragments

e Render as usual



Step 1 — Create Linked List

Head Pointer Buffer

Render Target

7/28/2010

-1 -1 -1 ]-11]-1]-1
-1 -1 -1 ]-11]-1]-1
-1 -1 -1 ]-11]-1]-1
-1 -1 -1]-11]-1]-1
-1 -1 -1]-11]-1]-1
-1 -1-1]-11]-1]-1

Node Buffer
0 1 2 3 4 5

Counter=0




Step 1 — Create Linked List

Head Pointer Buffer

Render Target

7/28/2010

-1 -1 -1 ]-11]-1]-1
-1 -1 -1 ]-11]-1]-1
-1 -1 -1 ]-11]-1]-1
-1 -1 -1]-11]-1]-1
-1 -1 -1]-11]-1]-1
-1 -1-1]-11]-1]-1

Node Buffer
0 1 2 3 4 5

Counter=0




Step 1 — Create Linked List

Head Pointer Buffer

Render Target

B

7/28/2010

111|111 -1]-1]|-1
> 0 | -1 -1]-1]-1

1111 -1]-1]|-1
111|111 -1]-1]|-1
111|111 -1]-1]|-1
111|111 -1]-1]|-1
Node Buffer

0 1 2 3 4 5

Counter=1




Step 1 — Create Linked List

Head Pointer Buffer

Render Target

R

7/28/2010

-1 1111} -11]|-1]-1
-1 0 -1 -1 -1 1
111111 -11-17]-1
111111 -11-17]-1
111111 -11-17]-1
111111 -11-11]-1

Node Buffer
3 4 5

Counter=1

0.87




Step 1 — Create Linked List

Head Pointer Buffer

Render Target

Culled due to existing
scene geometry depth.

7/28/2010

Counter =3

1111 -1]1-11-1]|-1
-1 0 11 -1 -1 ] -1
1111 -1]1-11-1]|-1
1111 -1]1-11-1]-1
i i 1> 1 2 -1
1111 -1]1-11-1]| -1
Node Buffer
0 1 2 3 4 5
0.87 | 0.89 | 0.90




Step 1 — Create Linked List

Render Target

7/28/2010

-1 -1 -1 -1 -1 -1
> 3 il -1 -1 -1
-1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1
-1 -1 -1 1 2 -1
-1 -1 -1 -1 -1 -1
Counter =5
Nade Buffer
0 1 2 3 4 5
|
0.87 0.89 0.90 0.65 0.65
-1 -1 -1 0 1
A




Step 1 — Create Linked List

Render Target

A\

2

7/28/2010

111111 -11-1]-1
+> 5 4 -1 ] -1 1] -1
11t -11-11-19]-1
11t -11-11-19]-1
1)L | -1 1 2 -1
1l Ltf 11 -11-19]-1
Counter =6
Node Buffe
0 1 2 3 4
0.87 0.89 0.90 0.65 0.65 0.71
-1 -1 -1 0 -1 3
A A




Node Buffer Counter

* Counter allocated in GPU memory (i.e. a buffer)
— Atomic updates
— Contention issues

 DX11 Append feature
— Linear writes to a buffer
— Implicit writes
* Append()
— Explicit writes
* IncrementCounter()
* Standard memory operations

— Up to 60% faster than memory counters



Algorithm Overview

Render opaque scene objects

Render transparent scene objects

2. Screen quad resolves and composites
fragment lists

7/28/2010

Single pass
Pixel shader sorts associated linked list (e.g., insertion sort)
Composite fragments in sorted order with background

Output final fragment

Advances in Real-Time Rendering Course
Siggraph 2010, Los Angeles, CA



Step 2 — Render Fragments

Head Pointer Buffer

Render Target

-1 ]1-1(-1}|-1}-1]-1
F SRR E

Node Buffer

0 1 2 3 4 5 6
(0,0)->(1,1): _ 087 | 0.89 | 0.90 | 0.65 | 0.65 | 0.72
Fetch Head Pointer: -1 1 1 1 0 1 3

-1 indicates no fragment to render

7/28/2010




Step 2 — Render Fragments

Head Pointer Buffer

1011 -1)-1] -1
Render Target
101 -1)-1] -1
I -1 -0 -1 1 2 -1
1y -pl -1 -1)-1] -1
Node Buffe
0 1 2 3 4 6
(1,) [ P
Fetch Head Pointer: 5 0.87 0.89 0.90 0.65 0.65 0.71
Fetch Node Data (5) ';‘1 1 -1 (;‘ -1 3

Walk the list and store in temp array

0.71 0.65 0.87




Step 2 — Render Fragments

Render Target

Node Buffer

0 1 2 3 4 5 6
(1,1): 087 | 089 | 090 | 0.65 | 0.65 | 0.72
Sort temp array -1 il il 0 -1 3

Blend colors and write out

0.65 0.71 0.87




Step 2 — Render Fragments

Head Pointer Buffer

Render Target

EE Node Buffer

3 4 5 6

0 1 2
[ [, [

0.87 0.89 0.90 | 0.65 0.65 0.71

-1 -1 -1 0 -1 3

7/28/2010




Demo AMD




Algoritmo CSG (Subtracao)

FF BF FF BF

SORT

Fragmento a ser

renderizado!! Se perder em Z ou nao

Salva a profundidade achar duas FF seguidas,
salva a profundidade do
primeiro fragmento que
nao seja da superficie
subtraida.



Algoritmo CSG (Subtracao)

Renderiza os objetos marcando se os fragmentos sao back ou front faced e a qual
superficie ele pertence ( a superficie que sofre a subtracdo ou a superficie
subtraida )

Guarda todos os fragmentos em uma lista encadeada
Renderiza um screen quad e ordena a lista de fragmentos de frente para tras

Se o primeiro fragmento da lista for da superficie subtraida significa que ela nao
perde em Z e o fragmento que deve ser renderizado é o backfaced daquela
superficie. Para achar este fragmento, itera na lista encadeada quando tiver
passado por dois fragmentos front-faced o préoximo é o fragmento desejado.

Salva a profundidade de cada fragmento a ser renderizado em uma textura.

Renderiza a cena de novo consultando a textura de profundidade, se o fragmento
estiver na profundidade desejada, renderiza ele. Else clip(-1).
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