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Graphics Taxonomy
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Agenda

m Graphics Pipeline
m Mapping the Graphics Pipeline to Hardware
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Graphics Review: Rendering

m Rendering
Goal: Assign color to pixels
m Two Parts
Visible surfaces
= What is in front of what for a given view
Shading

= Simulate the interaction of material and light to
produce a pixel color
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Graphics Pipeline Walkthrough
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Vertex Assembly it L.
°4  Verticesin 3D space

Vertex Shader °2
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Rasterizer
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Vertex Assembly
* OpenGL provides lots of flexibility for pulling vertex
attributes from different buffers

L4 A
For example (no indices):

Vertex Shader

Primitive Assembly
5 positions
Rasterizer )
texture coordinates
Fragment Shader normal, binormal, bitagent
Per-Fragment Tests
Vertex 0

Blend

Framebuffer
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Vertex Assembly

Vertex Assembly
L
Vertex Shader

Primitive Assembly
I

Rasterizer

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

« Pull together a vertex from one or more buffers

* Also called (GL ES) or
(D3D)
Vertex
I 1
Attribute
Component
[ —
position normal  texture
coordinate

Image from hitp://www.virtualglobebook.com/
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Vertex Assembly

Vertex Assembly
L 4
Vertex Shader

Primitive Assembly
I

Rasterizer

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

« OpenGL provides lots of flexibility for pulling vertex

attributes from different buffers
For example (no indices):

Vertex 0


http://www.cs.cmu.edu/afs/cs.cmu.edu/academic/class/15869-f11/www/lectures/01_intro.pdf
http://www.virtualglobebook.com/
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Vertex Assembly

Vertex Assembly * OpenGL provides lots of flexibility for pulling vertex
Y attributes from different buffers
Vertex Shader + For example (no indices):

Primitive Assembly

Rasterizer

Fragment Shader B

Per-Fragment Tests
] Vertex 1

Framebuffer
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Vertex Assembly » Model to clip coordinates requires three transforms:
7 * model to world
« world to eye
« eye toclip
Primitive A bl » Use 4x4 matrices passed to the vertex shader as
rimitive Assembly uniforms
Pyoria = (Mpoge1) (Proger)
N Peye = (Myiew)  (Pyuoria)
p = ; P
Fragment Shader c1ip = (Mprojection) (Peye)
Per-Fragment Tests vertex
Blfnd Vertex Shader uniforms, e.g.,
|l matrices, etc.
Framebuffer
modified vertex 11
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Vertex Shader

Vertex Assembly « Transform incoming vertex position from model to clip
I coordinates
VASEtedl ¢+ Perform additional per-vertex computations; modify,
|| add, or remove attributes passed down the pipeline

T - « Formerly called the Transiorm and Lighting (T&L
Primitive Assembly stage \)Il\lhy'> Jhino (&)

Rasterizer
¥ vertex P

model

Fragment Shader

Vertex Shader Vertex Shader

Per-Fragment Tests
J modified vertex Puiip

Blend

Pclip = (Mmodel—view—projeccion) (Proge1)

Framebuffer
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Vertex Shader

Vertex Assembly Model to world:

world = (Muoger) (Proger)

e P
Vertex Shader

Primitive Assembly World coordinates

+

Rasterizer

g Local coordinates

Fragment Shader Yiu
™1 X

Per-Fragment Tests 47

|

+H

Framebuffer
12

Image from hitp: microsoft. 5).asp)



http://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
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Vertex Shader

Vertex Assembly

Fragment Shader

Per-Fragment Tests

Framebuffer

World to eye:

Peye = (Myie)  (Puoria)

Camera direction

View transform View frustum
» "\
x x
Camera U
position z M
13

Image from hitp:/www.realtimerendering.com/
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Vertex Shader

Vertex Assembly

Fragment Shader

Per-Fragment Tests

Framebuffer

In practice, the model, view, and projection matrices
are commonly burnt into one matrix? Why?

Pcllp = (M'projectlon) (Myie) (Mioger) (Proger)

Poiip = (Mmodel—view—projection) (Proger)
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Vertex Shader

Vertex Assembly

Framebuffer

Eye to clip coordinates:

Poiip = (Mp[ojection)

(P

eye)
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Vertex Shader

Vertex Assembly

Framebuffer

Modwl (Morld) Matrix modal
point
1.00 0.00 0.00 0.00| 4.00
=| 000 1.00 0.00 s.00| s.00
0.00 0.00 1.0 o0.00| 3.00
0.00 000 000 100} 1
View-space View Matrix vorld
point
33 0.73 0.00 -0.68 6.48 | 4.00
700 |[=| -0.a1 0.80 -0.4¢ 1.32 | 10,00
47,43 0.5¢ 0.60 0.9 -57.3¢ | 3.00
1 000 0.00 0.00 1.00) 1
W-divide clip Projection Matrix
for MG coords
§ o.e03 1913 2.53- 0,00 0.00 0.00
o.406 |<=|19.28 [=| 000 2.75 o.00 g0
0.5¢2 25.71 0.00 0.00 -1.67,4%3.33
1 4.3 0.00 0.00 -1,00 0.0
Window (Screen) Matcix o
668.50 .00 0.00 668.50 | 0.403
=| 0.00 630.00 0.00 630.00 | 0.406
0.00 0.000.50 0.50 | 0.5e2
0.00 0.000.00 1.00] 1
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Image from http:/Jwww.realtimerendering.com/

Transforms demo

16

Screenshot and demo by Eric Haines.


http://www.realtimerendering.com/
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http://www.realtimerendering.com/udacity/transforms.html
http://www.realtimerendering.com/udacity/transforms.html
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Vertex Shader

Vertex Assembly

Vertex Shader

Primitive Assembly

5
Rasterizer
7]

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

Model to clip coordinate transformation is just one use
for the vertex shader.
Another use: animation.

How would you implement pulsing?

88

Time =00 Time =025 Time =050 Time =075 Time=10
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Image from http://http.developer.nvidia.com/CqTutorial/cg_tutorial_chapter06.html
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Vertex Shader

Vertex Assembly

Vertex Shader

Primitive Assembly
]

Rasterizer
1

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

How do we compute the displacement?

Consider:
float displacement =
0.5 * (sin(u_time) + 1.0);

What are the shortcomings?

19
Image from http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html
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Vertex Shader

Vertex Assembly * How would you implement pulsing?

Vertex Shader
Primitive Assembly
I
Rasterizer
]" Time =00 Time =0.25 Time = 050 Time =075 Time =10

Fragment Shader
Per-Fragment Tests

Blend

Displace position along surface normal over time

Framebuffer « How do we compute the displacement?

18
Image from http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html
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Vertex Shader

Vertex Assembly

« How do we compute the displacement?

Vertex Shader

Primitive Assembly
I

Rasterizer
1l

Fragment Shader
Per-Fragment Tests

Blend

« Consider:
float displacement =

u_scaleFactor * 0.5 *
(sin(u_frequency * u time)
+ 1.0);

* What are the other shortcomings?
Framebuffer

20
Image from http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html


http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html
http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html
http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html
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Vertex Shader

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

How do we get the varying bulge?

£33 8¢

Time =00 Time =025 Time =050 Time =075 Time=10

Image from http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html

'__
Vertex Shader

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

What varies per-vertex and what does not?

float displacement =

u scaleFactor * 0.5 *
(sin(position.y *

u frequency * u time)
1.0);

_|_

21
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Vertex Shader

Vertex Assembly

* How do we get the varying bulge?

£33 8¢

Time =00 Time =025 Time =050 Time =075 Time =10

Fragment Shader « Consider

v float displacement =
Per-Fragment Tests

Tl u_scaleFactor * 0.5 *

Blend (sin(position.y * u frequency *
¥ u _time) + 1.0);

Vertex Shader

Primitive Assembly

Rasterizer

Framebuffer

22
Image from http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html
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Vertex Shader

Vertex Assembly

* On all modern GPUs, vertex shaders can read from
textures as well as uniform variables.

Vertex Shader o
g * Whatis this useful for?

Primitive Assembly

Rasterizer

vertex

{z=== uniforms
{m== textures

modified vertex

Vertex Shader

™

Fragment Shader

Per-Fragment Tests

|

Framebuffer
24


http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html
http://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter06.html

Vertex Shader

{

* Example: Textures can provide height maps for
| displacement mapping

N
Vertex Shader
h 4

25

Images from http://developer.nvidia /vertex-texture-fetch

Primitive Assembly

* Avertex shader processes one vertex.
groups vertices forming one primitive, e.g.,
a triangle, line, etc.

Primitive Assebly @) @)

AT

Framebuffer
27

Vertex Shader
* RenderMonkey Demos

\} B
Vertex Shader ounce

GL OpenGi. review: Bounce on Deformi.. || = [at3n]

Morph
vz Morph OpenG, eiect [ =1 |
Particle System

et brene e parcesymem 0. ) 1= ]

Framebuffer

ol

http://developer.amd

Primitive Assembly

« Avertex shader processes one vertex.
groups vertices forming one primitive, e.g.,
a triangle, line, etc.

Primitive Assebly O) O)

@é

o dlelil

Framebuffer
28


http://developer.nvidia.com/content/vertex-texture-fetch
http://developer.amd.com/archive/gpu/rendermonkey/pages/default.aspx
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Primitive Assembly

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

* Avertex shader processes one vertex. Frimitive
assembly groups vertices forming one primitive, e.g.,
a triangle, line, etc.

29
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Primitive Assembly

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

* Avertex shader processes one vertex. Frimiive
assembly groups vertices forming one primitive, e.g.,
a triangle, line, etc.

L
2
.

31
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Primitive Assembly

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

« Avertex shader processes one vertex. Frimitive
assembly groups vertices forming one primitive, e.g.,
a triangle, line, etc.

30
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Primitive Assembly

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader
Per-Fragment Tests

Blend

Framebuffer

« Avertex shader processes one vertex. rimitive
assembly groups vertices forming one primitive, e.g.,
a triangle, line, etc.

i

32
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Primitive Assembly

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader

Per-Fragment Tests

Framebuffer

+ Avertex shader processes one vertex. rimitive

assembly groups vertices forming one primitive, e.g.,
a triangle, line, etc.

33
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Perspective Division and Viewport Transform

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader

Per-Fragment Tests

Framebuffer

There are a series of stages between primitive
assembly and rasterization.
» Perspective division
Prac = (Pclip) .xyz / (Pclip) -w

» Viewport transform

Puindow = (Mviewport—transfom) (Prac)

e |

B

)/

35
Image from http://www. realtimerendering.com/
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Primitive Assembly

+ Avertex shader processes one vertex. ~rimitive
assembly groups vertices forming one primitive, e.g.,
a triangle, line, etc.

Vertex Assembly

Vertex Shader

Primitive Assembly

Rasterizer

Fragment Shader |—;1

Per-Fragment Tests

Blend

L

Framebuffer

« There are a series of stages between primitive
assembly and rasterization.

Vertex Shader
11 « Clipping

Primitive Assembly A» “;__ 7

'“_.
|

i

Rasterizer > -...._l b

Fragment Shader

Per-Fragment Tests

Blend

Framebuffer

36

Image from http://www.realtimerendering.com/
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Rasterization

Vertex Assembly » Determine what pixels a primitive overlaps
]
Vertex Shader ‘
]

Primitive Assembly

7]
Fragment Shader
1] * How would you implement this?
Per-Fragment Tests
* What about aliasing?
1]

Rasterizer

Blend

* What happens to non-position vertex attributes during
rasterization?
Framebuffer

* What s the triangle-to-fragment ratio? 37
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Fragment Shader

Vertex Assembly » Example: Blinn-Phong Lighting
]
Vertex Shader
]

Primitive Assembly
&4

Rasterizer

Fragment Shader

|
Per-Fragment Tests

|

1]

float diffuse =
max (dot (N, L), 0.0);

Blend

Framebuffer

39
Image from hitp://http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter05.html
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Fragment Shader

Vertex Assembly
|

Vertex Shader
1]

Primitive Assembly

Rasterizer
1l

Fragment Shade—r
I

Per-Fragment Tests
1l

1]
Framebuffer

Shades the fragment by simulating the interaction of
light and material

Loosely, the combination of a fragment shader and its
uniform inputs is a

Also called a (D3D)

fragment

e {&== uniforms
Fragment Shader
y {z== textures

fragment’s color

Fragment shaders can be computationally intense
What exactly is the fragment input?

What are examples of useful uniforms? Useful
textures? 38
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Fragment Shader

Vertex Assembly « Example: Blinn-Phong Lighting

Vertex Shader

- I
1]
Primitive Assembly
4
Rasterizer
)

Fragment Shader
i

Per-Fragment Tests
J

1]

float specular =

max (pow (dot (H, N),
u shininess), 0.0);

Why not evaluate per-vertex and interpolate during
rasterization?

Framebuffer

40
Image from http:/http.developer.nvidia.com/CgTutorial/cg_tutorial_chapter05.html
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Fragment Shader

Vertex Assembly * Per-fragment vs. per-vertex lighting

Vertex Shader *  Which is which?

L 4
h 4
Primitive Assembly
o

Fragment Shader

Per-Fragment Tests

L
Blend

a1
Screenshot and demo by Eric Haines and Gundega Dekena. Udacity Interactive 30 Graphics.

|
|

Fragment Shader

Vertex Assembly + Lighting and texture mapping
Vertex Shader

Primitive Assembly

Ll

Rasterizer

Fragment Shader

Per-Fragment Tests

L 4
Blend

]

I

Framebuffer
43
Image from http://www.virtualglobebook.com/
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Fragment Shader

Vertex Assembly « Example: Texture Mapping

Vertex Shader

4
Primitive Assembly

B

L4
Rasterizer

Fragment Shader
L 4
Per-Fragment Tests

Blend

I{I III

Framebuffer

Fragment Shader

Vertex Assembly « Example: Bump mapping

Vertex Shader

1

Primitive Assembly

-

Rasterizer
Fragment Shader
Per-Fragment Tests

L 4
Blend

s

I

Framebuffer

42
Image from http://www.realtimerendering.com/
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Fragment Shader

* Example: Bump mapping

Fragment Shader

Framebuffer

I{“ﬂﬂ

"
Fragment Shader

» Example: Non-Photorealistic Rendering (NPR)

Fragment Shader

el

o

I

Framebuffer
a7

Screenshot and demo by Eric Haines and Gundega Dekena. Udacity Interactive 3 Graphics,

"
Fragment Shader

« Example: Specular map

ertoxAssembly|
o
ETA TS|
(Rasirizr |
[per-Fragment Toss |

{@
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Screenshot and demo by Eric Haines and Gundega Dekena. Udacity Ineractive 3D Graphics.
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Fragment Shader

« Example: Reflection mapping

sl

Fragment Shader

Lol

Framebuffer
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Screenshot and demo by Eric Haines and Gundega Dekena. Udacity Interactive 3D Graphics
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https://www.udacity.com/wiki/cs291/demos
http://www.realtimerendering.com/udacity/index_solutions.html?load=unit8/ps-specular-mapping_sol.js
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Fragment Shader Fragment Shader

Vertex Assembly * More examples Vertex Assembly « Afragment shader can output color, but what else

would be useful?
Vertex Shader
Primitive Assembly

L

L 4

U

L 4
ment Tests

L 4

|

Vertex Shader

Primitive Assembly

Il

Rasterizer

Fragment Shader Fragment Shader

Per-Fragment Tests

|

L

Blend
49 50

Screenshot and demo by Eric Haines and Gundega Dekena. Udacity Interactive 3D Graphics.

|
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Fragment Shader Vertex and Fragment Shader Examples

Vertex Assembly A fragment shader can output color, but what else

would be useful? Eragment Shader
Vertex Shader .

« Discard the fragment. Why?
* Depth. Why?

* Multiple colors. Why?

// Global Variables
uniform vec3 color;

Primitive Assembly

uniform vec3 direction;

Il

Rasterizer / Interpolated Per-Vertex Quantities

varying vec3 vNormal;

Fragment Shader

Per Fragment Code

void main() {

float diffuse = dot(vNormal, direction);
gl_FragColor =

vecd(diffuse * color, 1.8);

Per-Fragment Tests

Blend

Il

By Steven Wittens, @unconed
51 52


https://www.udacity.com/wiki/cs291/demos
https://www.udacity.com/course/viewer#!/c-cs291/l-124106593/m-170440734
https://www.udacity.com/course/viewer#!/c-cs291/l-124106593/m-170440734
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http://acko.net/files/fullfrontal/fullfrontal/webglmath/shaders.html
http://acko.net/files/fullfrontal/fullfrontal/webglmath/shaders.html
https://twitter.com/unconed
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Per-Fragment Tests

Vertex Assembly + Afragment must go through a series of tests to make

to the framebuffer

Vertex Shader
] * What tests are useful?

Primitive Assembly

Rasterizer

Fragment Shader

Per-Fragment Tests

Framebuffer
53
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Scissor Test

Vertex Assembly » The scissor test is useful for “scissoring out” parts of the
] window that do not need to be shaded
« For performance. Why?

» Post-processing effects
Primitive Assembly * Multipass rendering

Rasterizer

Vertex Shader

Framebuffer
55
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Scissor Test

Vertex Assembly « Discard a fragment if it is within a rectangle defined in

window coordinates

Vertex Shader o
] * Why is this useful?

+ Does this need to happen after fragment shading?

Rasterizer

Fragment Shader @

Depth Test

Stencil Test

Vertex Assembly

« The stencil test can discard arbitrary areas of the window,
and count per-fragment

< Astencil is written to the stencil buffer, and later
fragments can be tested against this buffer

Vertex Shader

Primitive/Assembly * Whatis this useful for?

Rasterizer

Scissor Test

Fragment Shader

Per-Fragment Tests , (il Stencil Test

Depth Test

Framebuffer
56

14
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Depth Test

» Finds visible surfaces
» Once called “ridiculously expensive”

. 4
| | » Also called the
CPimiive Assemby

« Does it need to be after fragment shading?

U
o e
| l Depth Test o

z-fighting

Per-Fragment Tests

Screenshot and demo by Eric Haines and Gundega Dekena. Udacity Interactive 3D Graphics,

"
Depth Test

59
Image from http://www.virtualglobebook.com/
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Depth Test

58
Image from http://www.virtualglobebook.com/

« Combine fragment color with framebuffer color
« Can weight each color

4
| | + Can use different operations: +, -, etc.
i Assembly

* Why is this useful?

Blend

60

15


https://www.udacity.com/wiki/cs291/demos
http://www.realtimerendering.com/udacity/?load=demo/unit2-z-fighting.js
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Blending
+ Example: Translucency

L4
Vertex Shader + Additive Blending

Caest = (Csource TIP) (Coource-a) + (Chese-TIP) 7

Primitive Assembly . Alpha Blending
cdest = (csource M rgb) (Csource M a) +
(Cyese - T9b) (1 = Copuree-a)s

v
[
N
v

Ble

Fragment Shader
Per-Fragment Tests

61
Image from http://http.developer.nvidia.com/GPL ch06.html
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Graphics Pipeline Walkthrough

Vertex Assembly « After all that, write to the framebuffer!
Vertex Shader

Primitive Assembly

1

@

Rasterizer
Fragment Shader

Per-Fragment Tests

IF

L 4
Blend

Output image buffer

I

63

Images from htp. cs.cmu.edu/afs/cs.cmu 15869-111 intro.pdf
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Blending

Vertex Assembly « Alpha Blending sorting
Vertex Shader

Primitive Assembly

i

N
Rasterizer

Fragment Shader

Per-Fragment Tests

IF

Framebuffer

@©
@

62
Screenshot and demo by Eric Haines and Gundega Dekena. Udacity Interactive 3D Graphics.
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Example Performance Analysis

100%

m Alpha

90% Blend
s0% @ Pixel )

Shade
il  Pixel
60%. Setup .
50% O Depth -
40% Test e
30% D Raster- g
o ization o
mj’ | Vertex .
10% Shada o
0% %

@Pre
FEAR Gearsof War  Half Life 2ep. 2 Vertex

Figure I3: End-to-End Average Time Breakdowns: shows the — Figure 14: F.EAR. perframe time breakdovwns: this chart shows

average time spent in each rendering stage for the three games the time spent in each rendering stage for 25 widely spaced
frames of F.EAR, which show considerable load variation.

Images from hiip: tudent.chemia.uj.edu.pl/~mrozek/t Larrabee_paper.pdf
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Evolution of the Programmable
Graphics Pipeline

m Pre GPU

m Fixed function GPU

m Programmable GPU

m Unified Shader Processors

65

"
Why GPUs?

m Exploit Parallelism

Pipeline parallel

Data-parallel

CPU and GPU executing in parallel
m Hardware:

Texture filtering, rasterization, alpha blending, ...

MAD, sqrt, ...

67

Early 90s — Pre GPU

7 ';! }*

FLOOR| SCORE LIVES X H[/\.LT'II AMMO '
5 | 102500 & 84l 2 L\
.t
Wolfenstein 3D, 1992 =
Doom I, 1993

= Interactive software rendering (no GPUs yet)

= NOTE: SGI was building interactive rendering supercomputers, but
this was beginning of interactive 3D graphics on PC

66
Slide from http://s09.idav.ucdavis.edu/talks/01-BPS-SIGGRAPH09-mhouston.pdf

" JEE
Texture Hardware

m Software is 12-40x slower (Larrabee)

-
~ |2

=)

Wrap modes Texture filtering

Screenshot and demo by Eric Haines and Gundega Dekena. Udacity Interactive 3D Graphics
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3dfx Voodoo (1996)

Vertex Assembly i
In hardware:
TR still » Fixed-function rasterization, texture
ertex Shader i ;
Software . mapping, depth testing, etc.

4-6 MB memory

h 4
Primitive Assembly » PClbus
______ = gl + $299

Rasterizer
M

Fragment Shader
Hardware
Per-Fragment Tests
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Image from http://www.thedodgegarage.com/3dfx/v1.htm
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Aside: Mario Kart Wii

m High fragment load / low vertex load?

P

@
= :;‘:i;lcﬂ.coM

71
Image from http://wii.ign.com/dor/objects/949580/mario-kart-wii/images/
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Aside: Mario Kart 64

m High fragment load / low vertex load
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Image from http://www.gamespot.com/users/my_shoe/

— In hardware:
T— « Fixed-function vertex shading (T&L)
* Multi-texturing: bump maps, light maps, etc.
' * 10 million polygons per second

Primitive Assembly  Direct3D 7
|l * AGP bus

Rasterizer Hardware

I
Fragment Shader

Per-Fragment Tests
J

Blend

b

Framebuffer
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Image from http:/en.wikipedia.org/wiki/File:VisionTek_GeForce_256.jpa
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NVIDIA GeForce 3 (2001)

Vertex Assembly
M
programmable vertex shader

+ Optionally bypass fixed-function fragment
v shading with a programmable fragment
shader (register combiners)
1 * Many programming limits
Direct3D 8

Rasterizer Hardware

* Pentium IV — 20 stages

t Shader + GeForce 3 — 600-800 stages

Per-Fragment Tests
Fixed-function stage

Programmable stage

Blend =
en

Al

Framebuffer
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NVIDIA GeForce 6 (2004)

ErexiAssembly Vertex shader can read textures
* Dynamic branches
Vertex Shader « Multiple render targets
* PCle bus
OpenGL 2/ Direct3D 9

Primitive Assembly

(Primiive Assembly |
11

>

Rasterizer

Fragment Shader

Per-Fragment Tests

Displacement
Texture

Flat Tessellated Mesh Displaced Mesh
Framebuffer =

o
[0
=
a2
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Image from ftp://download.nvidia.com/developer/presentations/2004/GPU_Jackpot/Shader_Model_3.pdf

+ Optionally bypass fixed-function T&L with a

" I
NVIDIA GeForce 6 (2004)

eexsely \

¢ Much better programmable fragment
shaders
textures . vertex shader can read textures
+ Dynamic branches
Primitive Assembly * Multiple render targets
7] * PCle bus
OpenGL 2 / Direct3D 9

M
Vertex Shader

!

Rasterizer Hardware

Fragment Shade—r

Per-Fragment Tests

!

Blend

Framebuffer
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NVIDIA GeForce 6 (2004)

Vertex Assely » Vertex shader can read textures
. A * Dynamic branches
Vertex Shader + Multiple render targets

* PCle bus

Primitive Assembly OpenGL 2 / Direct3D 9
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Py
[
7}
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Fragment Shader

Per-Fragment Tests

Framebuffer
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Image from ftp://download.nvidia.con presentations/2004/GPU_Jackpot/Shader_Model_3.pdf
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Dynamic Branches

Thread Size and Dynamic
Branch Efficiency

7/ Sample Shader
i< (snadow)

Process_Shadow M
//% clotks
)

«
Process_light(l
//¥ elotks

ks

Thread Size Thread Size Thread Size

16 x 16 64 X 64

Efficient Less Efficient Inefficient
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Image from http:/developer.amd.com/media/gpu_assets/03_Clever_Shader_Tricks.pdf
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NVIDIA GeForce 6 (2004)

Host
_.'f'ii"/

6 vertex
shader processors

Vertex Processing

Cull / Clip / Setup |

Zull o= Rasterization |

Texture and
Fragment Processing

o Lf Mﬂ‘ﬂﬁﬂlﬂgﬂ}

16 fragment
shader processors
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Image from http://http.developer.nvidia.com/GPUGems2/gpugems2_chapter30.html|
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Dynamic Branches

« For best performance, fragment shader dynamic branches should be
coherent in screen-space
* How does this relate to warp partitioning in CUDA?

"
Vertex Assembly
‘\} * Ground-up GPU redesign
* Geometry Shaders
+ Transform-feedback
Geometry Shader » OpenGL 3/ Direct3D 10
U + Unified shader processors
* Support for GPU Compute
M
M
Fragment Shader
L4
Per-Fragment Tests
I

Blend

K=

I<

Framebuffer
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Geometry Shaders

Figure 5: From left — render to cube map, particle system, instancing, shadow volume, displacement mapping
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Image from David Blythe : microsoft.

Why Unify Shader Processors?

A

nvinia

Why unify?

rtex Shader

Pixel Shader

Heavy Geometry
Workload Perf = 4

Vertex Shader -

Pixel Shader

Heavy Pixel
Workload Perf = 8
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Slide from http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf
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GeForce 8: Modern GPU Architecturg
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Slide from http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf

Why Unify Shader Processors?

A

nvIiDIA

Why unify?

Unified Shader

Heavy Geometry
Workload Perf = 11

Unified Shader

Heavy Pixel
Workload Perf = 11
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Slide from http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf
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Evolution of the Programmable

Graphics Pipeline

' Transformation

1

=
{
Frame Buffer
Pre 1996

o Pixel/Fragment
Customized Feecesing

Software
Blend

Frame Buffer

Pre 2001

Primitive Setup
Rasterization

Pixel/Frag
+
Frame Buffer
Blend
Frame Buffer

DX10
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Slide from Mike Houston: http://s09.idav.ucdavis.edu/talks/01-BPS-SIGGRAPH09-mhouston.pdf

Evolution of the Programmable

Graphics Pipeline
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4

Primitive Setup

Frame Buffer Rasterization Frame Buﬁ}r

Pre 1996 : io Software
""'"F".ﬁ',"'"' Rendering?

Customized Pi
Software
Rendering Frame Buffer

Blend Frame Buffer
Blend ~ Frame

Frame Buffer Frame Buffer

Frame Buffer

Pre 2001 DX10 No fixed
function?
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Slide from Mike Houston: http://s09.idav.ucdavis.edu/talks/01-BPS-SIGGRAPH09-mhouston.pdf
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