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Agenda

M Why shaders?

M What are shaders exactly?
M Evolution of graphics

M Using Shaders

M High Level Shading Languages
M C++side APl and semantics

M Tools

This is a fairly high level talk. Will cover some
details and show some examples. But in
general, this session is meant to make you
aware of some of the details that you need to
wory about when writing a shader system.
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Why Shaders?

M Pixel Shaders are the #1 feature that will visually
differentiate next-gen titles

M Distinct materials
M Great way to show detail without geometry

M Not everything matte or plastic
M Moving away from just Blinn/Phong
M Custom light types

® Volumetric lights

M Not limited to OpenGL fixed pipeline
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No Shaders vs Shaders

A /e A e\ RS

LT \ ‘ 100

Flat texture, single texture, Bump mapped, multi texture,
vertex lighting, no shadow per pixel lighting, soft shadow

Doom 3 courtesy of id Software. All Rights Reserved.

% shaders vs. shaders
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Per Pixel Lighting

M Bump mapping / Normal Mapping / Per-Pixel
Lighting are synonyms
m Blinn Diffuse Specular lighting
M With Tangent space Bump mapping

M Instead of calculating lighting on a per-vertex
normal, use a per-pixel normal instead
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Two quads lit per pixel

PANPOT R, MR R P R
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Pipelined Architecture

Geometry Vertex . Fragment Frame
Rasterizer
Storage Processor Processor buffer

Texture
Storage +
Filtering

Vertices

Pipelinefy 4t



<

RVIDIA.

What are Shaders?

M User-defined vertex and fragment processing
m Custom animation, lighting, image processing, etc.

M Ubiquitous platform & API support
M PCs, next-generation consoles, cellular phones
M Direct3D, OpenGL, OpenGL-ES

M Programmed in C-like high level languages
® HLSL (Direct3D)
M GLSL (OpenGL)
M GLSL-ES (OpenGL-ES)
M Cg (OpenGL, OpenGL-ES)

4 f&shaders?
o FH P58 SCE T U RRE e Ak B
HE X, S, EHRAEHE, 5
il ATAE K] 5 &APISCHY
221 N AV 2l P P B W SR P
Direct3D,0OpenGL,OpenGL-Es
FHem gl = dmte
HLSL (Direct3D)
GLSL (OpenGL)
GLSL-ES (OpenGL-ES)
Cg (OpenGL, OpenGL-ES)
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Shader Taxonomy

M Hardware functionality often described relative to
Direct3D shader models 1 -3

M Newer shader models increase programmability

M SM 1: Fixed-point color blending, static dependent
texturing, <= 16 operations

M SM 2: Floating-point arithmetic, programmable
dependent texturing, <= 64 operations

M SM 3: Branching & subroutines, 1000s of operations

Shader4;2&
ofifi /- 1] bf 10 5 W% A A A5 5T Direct3D, shaders
FER -3
oHr it shadert AU N 1 ] Y FE 4
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PC/DirectX Shader Model Timeline

DirectX 6 DirectX 7 DirectX 8 DirectX 9 DirectX 9.0c
DirectX5  Multitexturing T&L TextureStageState SM 1.x SM 2.0 SM 3.0
Riva 128 Riva TNT GeForce 256 GeForce 3 Cg GeForceFX GeForce 6

] . I/ ”ii [ E /‘{'!b
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Quake 3 Giants Far Cry

s

All images courtesy of respective companies. All Rights Reserved.

PC/DirectX shader# Ry i ] 4
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DirectX 8, SM 1.x / OpenGL 1.4

M Programmable vertex shaders
M Up to 128 floating-point instructions

M Programmable pixel shaders
M Up to 16 fixed-point vector instructions and 4 textures
M 3D texture support
M Up to 1 level of dependent texturing

M Advanced Render-to-Texture support

M Example Hardware
M GeForce 3, ATI Radeon 8500, XGI Volari V3, Matrox Parhelia

DirectX 8,SM 1.x/OpenGL1.4
1] 4w FE 10 rishaders
FFR: 12810 K54

1] g FE 4 Zshaders
FFR: 1695 K = 4a2 F4~ o

UL Hr

FRR: —Fraddependents 3
o i 2 VE GY- S0 ST K
o ST A3] i 41

GeForce 3, ATl Radeon 8500, XGI Volari V3, Matrox Parhelia
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SM 1.x-era Game: Halo

M Vertex shaders used to add fresnel reflection to ice
M Pixel shaders used to add glow to sun

M Render-to-texture used to distort pistol scope

M Dependent texturing used to animate & light water

Halo courtesy of Microsoft. All Rights Reserved.

SM1.x-era jifxk: Halo)t s

o Ji1 rishaders ¥ RGNk i i fresnel s
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DirectX 7 vs DirectX 8

Halo courtesy of Microsoft. All Rights Reserved.

DX7HIDX8H 4%
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Cg — C for Graphics

M High-level language designed for real-time shaders

M Supported in major DCC apps (Maya, Max, XSI)
M What artists see in tool chain matches in-game result

Cg—C for Graphics
e BT W, SERE LG
« KZ%IDCC apps (Maya, Max, XSI) . Ff
I TAHE T 2% G 200 A x4 RARY) &

14



HLL vs Assembly

High-level source cod

float3 L = normalize(lightPosition — posit
float3 H normalize(L + normalize(eyePos
position.xyz));

color.xyz = Ke + (Ka * globalAmbient) +

Kd * lightColor * max(dot(L, N), 0) +

Ks * lightColor * pow(max(dot(H, N), 0), shininess);
color.w = 1;

BVIDIA.

-Xyz, eyePosition.xyzx, -f[TEX0].xyzx;
-W, RO.xyzx, RO.xyzx;
-w, RO.w;
-Xyz, RO.w, RO.xyzx;
-Xyz, ghtPositi Xxyzx, -F[TEXO].xyzx;
-w, Rl.xyzx, R1l.xyzx;
-w, RO.w;
.xyz, RO.w, R1l.xyzx, RO.xyzx;
-xyz, RO.w, R1l.xyzx;
R1.xyzx, F[TEX1].xyzx;
RO.w, {0}-x;
RO.w, {0}.x;
RO.xyzx, RO.xyzx;
R1.x;
-xyz, R1.x, RO.xyzx;
-X, RO.xyzx, F[TEX1].xyzx;
-X, RO.x, {0}.x;
.X, RO.x, shininess.x;
MOVXC HC.x, HO.x;
MOVR RO. {0}.x;
MOVR R1. htColor.xyzx;
MULR R1. Kd.xyzx, R1.xyzx;
MOVR R2. globalAmbient.xyzx;
MOVR R3. Ke.xyzx;
MADR R3. Ka.xyzx, R2.xyzx, R3.xyzx;
MADR R3. Xyzx, RO.w, R3.xyzX;
MOVR R1. htColor.xyzx;
MULR R1. Ks.xyzx, R1.xyzx;
MADR R3. R1.xyzx, RO.x, R3.xyzX;
MOVR o[COLR].-xyz, R3.xyzx;
MOVR o[COLR].w, {1}.x;

HLL vs. Assembly
ey P YR AR R G i 5 LA
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Impact of HLLsS

M Dramatic increase in shader adoption
M Tens of games per year to hundreds

M Shift in game development

M Shaders become content requirement, not tech feature
M “What do | want?”, not “what can | do?”
M Gives control of the look of the game to artists

---------

Unreal courtesy of Epic Games. All Rights Reserved.

HLLS ) 521
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DirectX 9, SM 2.0/ OpenGL 1.5

M Floating point pixel processing
M 16/32-bit floating point shaders, render targets & textures
M Up to 64 vector instructions and 16 textures
M Arbitrary dependent texturing

M Longer vertex processing — 256 instructions

M Multiple Render Targets — up to 16 outputs per pixel

M Example Hardware
M GeForce FX 5900, ATI Radeon 9700, S3 DeltaChrome

DirectX9,SM2.0/OpenGL1.5

77 R F AL

16/3247 7% sishaders, 5 44 H Fr/4 3

ERR: 6450515216 4

& fjdependent L3

o P TH S AL T -256 45 4
 KEMEG Hir— LR MR R161 %
o S i A

GeForce FX 5900, ATl Radeon 9700, S3 DeltaChrome
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DirectX 9.0c, SM 3.0/ OpenGL 2.0

M Unified shader programming model
M Pixel & vertex shader flow control
M Infinite length vertex & pixel shaders
M Vertex shader texture lookups

M Floating-point filtering & blending

M Geometry instancing

M Example Hardware
M GeForce 6800, GeForce 7800 GTX

DirectX9.0c,SM3.0/0penGL2.0
% —[fIshaderdm FEfx Al
1% £ &I ishaderifi =l
JoPR KT i &15 ZEshaders
Tii fishaderg B Ay k%
oVF MIEI &IR G
o JLAR] SE 451
o S5 B4

GeForce 6800, GeForce 7800 GTX
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SM 3.0-era Game: Unreal Engine 3

M 16-bit FP blending for high dynamic range lighting
M 16-bit FP filtering accelerates glow and exposure FX

M Long shaders & flow control for virtual displacement
mapping, soft shadows, iridescence, fog, etc.

Unreal Engine 3 courtesy of Epic Games. All Rights Reserved.

SM3.0-era Ji#xk: Unreal Engine3 E4)5]%3
16{; FPIRG T R slas i [ )t

«16f7. FPIEVINIE T &ICH R EE T FX
«K[Jshaders&ii x| 1&H T REA R, 55915,

R, 5555
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Using Shaders
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“Effects”

M D3D FX and CgFX
MW |ID3DXEffect or CGeffect

M Wrapper around pixel and vertex shaders

M Can Configure
M Target shader version

M Common case variables
M Can reference alibrary of shader functions
M Define multi-pass techniques

On the code side, wrapping your high leel
language in a FX file allows the shader author to
control more about the execution environment.
Can control passes, data bindings, etc.
ST, =i S B AERX SO, TRLiE
shaderF# 45 2 HiPh AT I 5L

FEHEIE, BEgE, .

D3D FXF1 CgFX
ID3DXEffect 5 CGeffect
% ZH AT Sishaders

RS X

H #rshader version
common case”s &

1] LA Z2% K & [f)shaderpf £

o€ N ZIHERA
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Semantics

M Define any variable naming you want
M Semantics make sure constants get set

float4x4 wvp

M D3D SAS is standardized
M Supported by many applications
B FX Composer
B 3D Studio Max

M OpenGL semantics standardized for CgFXin 1.4

Key here is to let developers know that they can
use many 3' party tools to develop shaders, or
let their technical artists develop the shaders,
and then SAS can allow them to just drop in the
shader without too much fuss. This allows only
minimal guidelines to shader developers.

X B RO I R B A e AT Ty B AR 22
[¥)3rd party tools 2 JT & shaders, sk & 1 FABAT 1)+
AR T LI K shaders,

SN 5 SASTER AT REd #Eshader, AN 2245
. X&& R 4rshader TR T &1
H

What about a person(or team) dedicated solely
to developing the shaders. They don’t have to
know C++ or the codebase, just how to write
and develop in CgFX...

—/N EFIBND M L3 T shadersif Ak 2 22
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Annotations

M Custom data associated with any element of your HLSL or
CgFX effect

sampler2D anisoTextureSampler <

> = sampler_state {
generateMipMap = true;
minFilter = LinearMipMapLinear;
magFilter = Linear;
WrapS = Repeat;
WrapT = Repeat;
MaxAnisotropy = 8;

h

M Allows you to provide hooks to set per object data
M E.g. Used extensively by shader tools for Ul controls

A -
25 R F CLHLSLELCgFxH 22 1) 1 e R

ARG 0 5 38 BEN AR F s J %
tban, FHshader T H¥= S 54, #%) &N H
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CgFX Semantics Demo

CgFx 18 XN
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Demo Important Bits

M Tangent basis interpolated from vertex shader
M Single fragment shader for lighting

M An unsized array of light structures that is
dynamically resized by the C++ side

M A handful of different light types that implement
the light interface
M Point light
MW Spot Light
M Etc...

M Optional Bump mapping based on a constant

I8 7~ B 1 Bits
o NI R VE 4 5 23047 1IE D) 2 4dE
o H -6 FE 1) R W Vi e | 2R
o BRI SFA—HI gk, AR R c++3)
NG NN
R SERE ST, SEOG A
LT

A
=7
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Single Lighting Function

Sample Albedo map for base color

Normalize interpolated vectors
M Tangent space basis vectors

Optionally perturb our normal based on a normal

ET)

Iterate over our lights and accumulate diffuse and
specular

Combine color and lighting values to produce final
result

FOGH R AL
X T AL A KA Albedo map
o JH—AL A 7] 12
IE V75 8] 3 v 72
JLFVRLNGE, BEHiperturb AT R
ikAR, FINEEY HOCH G
L PN, RIS

26
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C++ Side

M Assign the light position through the effect given a
handle to the variable

M Sets number of lights and light info based on
program code dynamically

M Can also pick whether or not to use normal maps
M When not using it, shader gets faster

M Any dynamic configuration can be represented as
a uniform parameter or global constant

B AT B C++
AR AT B A AN, T RCR A Bl G YR A
L TR AR Bl A Hh 15z B G IR ) H = A AH 55 B
o 1] LI FEIE A5 FH v 1) =
YRR, shaderi# &A% b
Ea—/\ NARECE ] LR N — NN — S 54
Jay
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Shader Library

Rather than writing each shader separately
Code re-use is good!!

Establish common interpolated values

M Vertex to Fragment/Pixel program

M e.g. At abase, COLORO, TEXCOORDO off
limits

Create a library of useful functions
M Break everything out

M Only costs compile time (can be
preprocessed!)

(5

Shader J#
N B E A shader
oA CHE T B2 A H AR 4
o 53t 37 IH FH P i
TS BIE ME %= R r
tbtnl, JEASfY), COLORO,TEXCOORDO off limits

°L¢~/\7ﬁﬁﬁ BRI

/\ﬁﬁ%ﬁzﬂ ,ﬁlq: Hﬂ‘[‘ETJ ( ﬁ%@g%ﬁﬂ\£§>
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Write with extensibility in Mind

M Quick hacks are for prototyping
M Same as regular code
M Establish guidelines for style

M Full preprocessor support
W #ifdef #define etc

M Naming convention for techniques
M No Assembly!

AJ g J

o AT FH B 1) i 28

o FHS FEACAS —FF

o N K 3N H5 P

B TRAL R P S B
#ifdef #define etc

o §2 FUITL1 >k iy 44

T
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Performance

M CPU bound, or Pixel Shader

M NVIDIA’'s GPU Programming Guide

M NVIDIA provides a number of
handy performance analysis tools
M NVShaderPerf
m NVPerfhud
M NVPerfKit

P Re
CPUYNE, B HRIEYY|%
‘NVIDIAKIGPUZ LS5
NVIDIAFEE T K= W PERE 20 Hr T A
NVShaderPerf
NVPerfhud
NVPerfKit

30



NVPerfHUD

M What is NVPerfHUD?
M How does it work?
M Schedule

NVPerfHUD

4 ENVPerfHUD?
BRI TAEH?
o A TE] R

<
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What is NVPerfHUD?

M Stands for: PERFormance Heads Up Display

M Overlays graphs and dialogs on top of your
application

W Interactive HUD

H4 ZNVPerfHUD?

PERFormanceHeads Up Display K455
o HENAEFZ EHESEFIXEHE
o XHAFE Interactive HUD

RVIDIA.

32
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What is NVPerfHUD?

M 4 different types of HUD
M Performance Dashboard
W Debug Console
M Frame Debugger

M Frame Profiler (New in 4.0)

M4 ENVPerfHUD?

« AMARIREYH SFBHUD
1) e 4L (Performance Dashboard)
2) Wik (Debug Console)
3) WA 2% (Frame Debugger)
4) WiEREE A5 Frame Profiler (4.0hRAHriE)

33
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How to use it

M Run your application with NVPerfHUD

M Use it as you normally do until you find:
M Functional problem: use the debugger
M Low FPS: use the profiler

WA 2

BATN B, FRHZEITNVPerfHUD
HATIEH HEE, HRREMLLTHER:
1) RERE: R bTE RS
2) &Mz RIFHbIERER S

34
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HVPaxfHUD 4.0

MREIFE S (Performance Dashboard)
before going to the demo id like to show some slides about each of the performance

gauges we are going to find.

FEBRNITEER AT, B M JLIKEIT AR P BRATES B — S e B R P

35
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Performance Dashboart

H¥Per£liUD 4.0.321 1500 — KOT FOR BENCHMARKING

MREIFE S (Performance Dashboard)
JERFEOME T 7 -

Kt — MWK, SR —k

frame time (iig)

driver time  (3KXzl s [a])

graphics idle (EJEE:4)

CPU waiting for GPU time (CPU%/:GPUIN[H])

RVIDIA.

36
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Performance Dashboart

H¥Per£liUD 4.0.321 1500 — KOT FOR BENCHMARKING

MaE{FAL (Performance Dashboard)

Emif AR S A AR, s TR IDPECE, WAR LB,
BeE T~ IRLIT A

37
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H¥PerfHUD 4.0.321. 1500 — KOT FOR DENCHMARKING

MaE{FAL (Performance Dashboard)

Wa, BATER], CHER TR T B,

R B I DRAW R SOk i HY LA 2 H

XHIRATAT LA Y, AR 2 P T S ) = R RO ARAE0~100.2 W] IXAF, FedT]mT LA
HEAL B LE LA A5 H D IIDP,  f e SR i
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Performance Dashboart

H¥PerfHUD 4.0.321. 1500 — KOT FOR DENCHMARKING

MaE{FAL (Performance Dashboard)

A, BAVER 2N SR, kB mGPU AT A E 20 B i N A7
MAERATAREF H IS (resource monitor)

39



Performance Dashboart

HV¥Pax £HUD 4

= Mz per frame Driver time

CAEIK NS, BATE FIKLHT A, BEAVEAN

Vid Hem

<
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Performance Dashboart

M Resource monitor

Tex VolTex CubTex VE

M Resources monitored
M Textures
Volume Textures
Cube textures
Vertex Buffers
Index buffers
Stencil and depth surfaces

MaE{FAL (Performance Dashboard)

HYEIANISE (Resources monitor)

Al LU AL PR RIS -
Textures
Volume Textures
Cube textures
Vertex Buffers
Index buffers
Stencil and depth surfaces

<
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Performance Dashboart

MaE{FAL (Performance Dashboard)

4.0 WA BL AT 24 Bk
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M Speed control

HVPeriHUD version: 4.0.321.1500

HYIDIA dras r=1on; 6.14.10. 7772

App name: C:“FProgram Files“Futuremark*

MaE{FAL (Performance Dashboard)

JiAk, AEAOMA R, FATEAT AL HITRE,  nT LA R R 7 (R T4 L
HRERERE AN

XA, AR IA TR R B A ENE I, AT ARARIER, BTl LU e s AT
PR oK, ARIFAEAT I R A 38 AT R

BEAEEATIE FIRARRPRGS 4%, EH RN, AR (AR A Fis ik
o

/N o
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The simplified graphics pipeline

Vertex
Assembly

Pixel Shader

a7 A (e P T

TS ZHEE (Vertex Assembly) TG 4y (Vertex Shader) 4% % 04% ( Pixel
Shader) YtHi#{E ( Raster Oeerations)

FERRSR I, JRATTRT LU 31 P JE A 38 rh 4 32 S B (1) 456 Ak

44



Schedule

M Beta: August
M Release : September

i [R] %
« Betailllikhi: 8H
« IEA AT 9]

<
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NVPerfKit Performance Analysis Toolkit

M Complete Performance Instrumentation Solution
M Instrumented Driver
M NVIDIA Developer Control Panel (NVDevCPL)
M NVIDIA Plug-in for Microsoft PIX for Windows
M Direct access to performance counters via PDH
® Support for PerfMon, Intel® VTune™, gDEBugger, and more

B Access to performance signals inside your applications
M Includes code samples for OpenGL and Direct3D
M Opt-in security mechanism prevents unauthorized analysis

NVPerfKit Performance Analysis Toolkit

STHMHREE BRI R
£ R B FEFInstrumented Driver
NVIDIA Developer Control Panel (NVDevCPL)
NVIDIA Plug-in for Microsoft PIX for Windows
Direct access to performance counters via PDH GEiIPDHE 5 i) M fE1
R
X ¥rPerfMon. Intel®VTune™. gDEBuggerfHfhE LZiAREF

5 il FEFE N BB RIMEBEf5 59878 (Access to performance signals inside
your applications)

£9,%OpenGLFIDirect3D TG LS
Opt-inZ &ML, BiERBAK 537

instrumented driver (ERHIIREIFET) $e 4t T T N AT HGPUIM 415 B
i FINVIDIA Plug-in, Microsoft PIX for Windows H[fii 1] LL# FINVPerfKit counters

PDH & Performance Data Helper API component of Windows Management
Instrumentation (WMI).

opt-in‘z AL a] AR L ARSI 26 = TR ke

46



<

RZVIDIA.

NVPerfKit Instrumented Driver

M Provides GPU and Driver Performance Counters
M Supports OpenGL and Direct3D
M Supports SLI Counters

M Requires GeForce FX or later
' S|gn|f|cant|y more counters ava”able Plug, and Play Manitor and NYIDIA Quadro £X 4000 p... ][5

Merite Tioubsbesbroot

on GeForce 6 Series = = -

BVIDIA.

and later... [ & L; <

et il

[] Patlosmance data helpe suppon

‘wfaming Instrumertation overhead invalidates perfommance benchmarks,
S hitp\sddervelopes rrvidia com for devaloper Inoks Hhat e this Inatue

NVPerfKit Instrumented Driver

SR MLGPURIIK B2 711 RE T3
« > #FOpenGLAH1Direct3D
«Z ¥ SLI Counters
75 HiGeForce FXol B i 2077 il L RF
GeForce 6 &1 J& J& &= i h I A 1R 2 S (1) vH s T

47
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7 Available Counters Active Counters
: ‘ [ =3 030 frame rum bachres ] <A
| Ems) {5 D3D frame time mSec =4 D3
NVIDIA B D30 frame tris = N CPU

Performance
Monitor

7

Info

B D30 frame vidmem MB

{5 D30 Locked Render Tangets

B D30 Ocdl Queres

B} D30 5L Lingar Buffer Sync Bytes
{BE D30 SLI Linear Buffer Syncs

(B D30 5LI P2P Bytes

(B D30 5L P2P transfers

B} D30 5L Render Target Sync Bytes
{BE D30 SLI Render Target Syncs
{5 D30 5L Texdure Sync Bytes

B} D30 5L Texdure Syncs

D30 frame FPS
D3D frame mSec in driver

gt GFU
i=I- 5 GPU_Graphics

gpu_ide

g 0GL

=4 cru

OGLFPS

=3 GPU
=gl GPU_Graphics
B apu_idie
B shaded oixel count

Courter Description
D3D frame num batches : D30 Number of batches

Settings

Default location for counter configuration files (* ctr)

[sae |

NVPerfKit: NVIDIA Developer Control Panel (JF-% 3 ¥ liHiARk)

FIHINVDevCPLRHC B vT#gs, WL vH£as & X sh R e MR S
EHIE, ] UURAFE RN E S5

48
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Performance
@ File Action Wiew Favorites  Window  Help
£
[ Console Roak D ----- ,% [3 ..........

2] System Monior
+ ﬁ Performance Logs and Alerts 100

80
a0
40
20

o

34,968 Average 62,919 Minirmurn 23,944 Maxirmum
Duration

Color | Scale | Counter Instance Parent | Object omputer

1,000 ¢ k & idle: GPUD e
GPU Counter Yalue % primitive_count MYIDIA GPU Performance |\ SDOMINE-P...
OGEL Counter Walue % OGL % driver waiting MYIDIA Openal Driver 1\ SDOMINE-F..
QL Counter Walue %% OGL % pushbuf used MYIDIA OpenGl Driver WSDOMINE-P...
QGL Counter Walue  QGLFRS MYIDIA OpenGl Driver 1\ SDOMINE-P...
OGL Counter Walue  OGL frame m3ec sleeping MYIDIA OpenGL Driver 1\SDOMINE-P. ..
OGL Counter Walue  OGL frame time mSec MWIDIA OpenGL Driver 1\SDOMINE-P. ..

NVPerfKit: PerfMon L [l [¥]PDHi %32
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M Same technology as
Shader Perf panel
in FX Composer

Analyze DirectX and OpenGL Shaders

M HLSL, GLSL, Cg, "FP1.0, "ARBfp1.0, VS1.x, VS2.x, VS3.X,
PS1.x, PS2.x, PS3.x, etc.

Shader performance
regression testing on
the entire family of
NVIDIA GPUs,
without rebooting!

se

d: 3
1 cye

VShaderPerf

5 FX Composer H[¥JShader Perfpanelfif i[RI £ 14 K
/> HrDirectX FlOpenGL # i 2%

HLSL, GLSL, Cg, !"FP1.0, "ARBfp1.0, VS1.x, VS2.x, VS3.x, PS1.x,PS2.x,
PS3.x, etc.
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Conclusion

M Use high-level shading languages

M Use FX files and Semantics
M Either CgFX or D3D FX

M Use our tools
M Tons of free tools

M Tons of free examples
M Treat Shaders like C++ code

M Good design can save tons of time in making your game
look amazing!

S i

A =P e S
fFHPXSCAERTEE (Semantics)

CgFXD3D FX#HE AT LA
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Questions

M Email;

<

RVIDIA.

52



GPU Programming

developer.nvidia.com

Latest News

Developer Events Calendar
Technical Documentation
Conference Presentations

GPU Programming Guide
Powerful Tools, SDKs and more ...

Join our FREE registered developer program for early
access to NVIDIA drivers, cutting edge toolS;online
support forums, and more:
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