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Performance Tools Agenda S nvi

® Overview of GPU pipeline and Unified Shader

® NVIDIA PerfKit 5.0: Driver & GPU Performance Data
® PerfHUD: The GPU Performance Accelerator
® PerfSDK: Performance data integrated into your application

® ShaderPerf: Shader program performance
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Common Problems A nNVIDIA

® New, more complex GPU hardware
® GPU is a black box
® Unified shaders changes everything

® Increasing engine and scene complexity

® Artists don’t always understand how
rendering engines work

® CPU tuning only gets you so far

® Turn around time for debugging and tuning
shaders is too long

® Hard to debug setup issues

© NVIDIA Corporation 2007



PerfHUD solves issues for top developers!e&xnvinin
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In a recent survey, over 100 PerfHUD 4 users reported an average
speedup of 35%, and as much as 400% in some cases!
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PerfHUD: Direct3D debugging and  <&anviois
tuning

® One click bottleneck determination

® Graphs and debugging tools overlaid on
your application

® 4 screens for targeted analysis

.....

® Drag and drop application on PerfHUD icon



New! PerfHUD 5.0! A NVIDIZ

® Interactive model
® Render state Modification
® Configurable Graphs
® Many more features and usability improvements

® New technologies
® Windows Vista & DirectX 10
® GeForce 8800 and Unified Shaders
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Demo: PerfHUD > D
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Demo: Performance Dashboard S nvipiA
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Demo: Performance Dashboard SAnNvIDIA
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Demo: Frame Debugger
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Demo: Advanced Frame Debug SAnvip
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Frame Profiler iR

® PerfHUD uses PerfKit and SimExp
® Sample ~35 performance counters

® Multiple passes on the scene since they
can’'t be at the same time

® Need to render THE SAME FRAME until all
the counters are read

® Only possible if application uses time-based
animation

® Intercept: QueryPerformanceCounter(),
timeGetTime()

® NO RDTSC!!

© NVIDIA Corporation 2007



Demo: Frame Profiler S ViDIE
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Counter Types S o

® SW/Driver Counters: PerfAPI, PDH
® Raw GPU Counters: PerfAPI, PDH
® Simplified Experiments: PerfAPI
® Instrumented GPUs

GeForce 8800 Series GeForce 7800 GTX
GeForce 7950/7900 GTX & GT GeForce 6800 Ultra & GT
Quadro FX 5500 & 4500 GeForce 6600

© NVIDIA Corporation 2007



Direct3D/OpenGL Driver Counters

® General
® FPS
® ms per frame

® Driver

® Driver frame time (total time spent in driver)
® Driver sleep time (waiting for GPU)
® % of the frame time driver is waiting

® Counts

® Batches, vertices, primitives
® (Direct3D) Triangles and instanced triangles
® (Direct3D) Locked render targets

® Memory
® AGP memory used
® Video memory used and total

© NVIDIA Corporation 2007

«D’ Y 7ISNE N



GPU Counters

vertex_attribute_count

shader_busy
vertex, geometry, pixel
ratios

culled _primitive_count
primitive_count
triangle_count
vertex_count

shaded_pixel_count

rop_busy

© NVIDIA Corporation 2007
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How do | use PerfKit counters? SANVIDI

® PerfAPI: Easy integration of PerfKit

® Real time performance monitoring using GPU
and driver counters, round robin sampling

® Simplified Experiments for single frame analysis
® PDH: Performance Data Helper for Windows

® Driver data, GPU counters, and OS information

® Exposed via Perfmon

® Good for rapid prototyping

® Sample code and helper classes provided in
PerfSDK

© NVIDIA Corporation 2007



PerfAPIl: Real Time SAnvIDIA

// Somewhere in setup

NVPMAddCounterByName (“vertex_shader_busy”);
NVPMAddCounterByName (“pixel_shader_busy”);
NVPMAddCounterByName (‘“‘shader_waits_for_texture”);
NVPMAddCounterByName (““‘gpu_idle™);

// In your rendering loop, sample using names

NVPMSample(NULL, &nNumSamples);

NVPMGetCounterValueByName(“vertex_shader_busy”, 0, &nVSEvents, &nVSCycles);
NVPMGetCounterValueByName(“pixel_shader_busy”, 0, &nPSEvents, &nPSCycles);
NVPMGetCounterValueByName(“shader_waits_for_texture”, 0, &nTexEvents, &nTexCycles);
NVPMGetCounterValueByName(“gpu_idle”, 0, &nldleEvents, &nldleCycles);

© NVIDIA Corporation 2007



PerfAPl: SImEXp

& Applications Actions

File Edit View Terminal Tabs Help

[decornish@pt
[deornish@pt
[deornish@pt
[decornishi@pt
[decornish@pt
total 16

[deornish@pt
[deornish@pt
[decornish@pt
[deornish@pt
[deornish@pt
g++ -o .. /bil [SXMLG
UI/GUI/GUICh k .0 Sou
ree /SKXMLGUT /1 tton.
o Source/SXM d [GUL/G
UITexCoordDe: ree/S
XMLGUI/Tools, -1GL
-1GLU -1glu
Source,/SXMLGI
: undefined 1
collect2: 1d
make: *** [,
[decornish@pt
g++ -0 .. /bi /SXMLG
UI/GUL/GUICh .0 Sou
rce/SXMLGUTL /1 tton.
o Source/SXM 'GUL/G
UITexCoordDe: ree/S
XMLGUI/Tools -1GL
-1GLU -1glu —
Jusr/bin/1d:

[.
[deornish@pt
make: *** No
[decornishi@pt
.0 Source/SXMLG

ri /i I/GUIFont.o Sou
rce/SXMLGUL/ GUIRadioButton.
o Source/SXM] VertexFetch Werlex  Fragment Frame Bufier  ROP Fragment Program Busy [32.02] a/SXMLGUI/GUI/G
TTexCoordDed [543, 18]  [30,17]  [60,50]  [37, 17] [8.1]  Wertex Shader Busy [5.36] Fragment Fragram Wails far Texiure [3.92] IFont .o Source/S

XMLUtils.o -1GL

-1GLU -1glut -INVPerfSDK Libs/Iibglpng.a
[decornish@pt-test-amdx2 OGLPerfHarness]$
[deornish@pt-test-amdx2 OGLPerfHarness]$
[dcornish@pt-test-amdx2 OGLPerfHarness]$
[decornish@pt-test-amdx2 OGLPerfHarness]$
[deornish@pt-test-amdx2 OGLPerfHarness]$

pt-tes| Bl dcomish@ pt-test| <. /home/dcomish/M [dcornish@ pt-tes [pdsw: 2006, dcor| B dcormish@ pt-test [Stunt Course - h
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ssoclated Tools: NVIDIA Plug-In for <
iIcrosoft PIX for Windows

® PIX for Windows - Runi @@

Frame
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Graphic Remedy’s gDEBugger S NVIDIZ

% Properties

OpenGL state variable

URED
L_MODELVIEW_MATRIX

RVIDIA.

® OpenGL Debugging and Performance Tool e
PerfKit and GLExpert integrated Break on GLExpert Reports
Version 3.0 to support Vista Sl

Linux version in Beta, release soon

Free academic licenses available from
Graphic Remedy and the OpenGL ARB.

® One year license for full featured version,
including all software updates

._ Detal I S: h tt D. //aC ad em | c.grem ed Y.COM &l errors and warnings with detailed usage information

and some resource tracking statistics

ware Fallback Messages

© NVIDIA Corporation 2007



Project Status SAnv

® PerfKit 4.2 for Windows 32bit available: developer.nvidia.com
® PerfKit 5.0 (Q2 2007)

® PerfHUD 5.0

® ForceWare Release 100 Driver

® GeForce 8800 support

® Windows 32 and 64 bit

® Linux 32 and 64 bit
® PerfGraph: www.sourceforge.org\perfgraph

® Instrumented GPUs

GeForce 8800 Series GeForce 7800 GTX
GeForce 7950/7900 GTX & GT GeForce 6800 Ultra & GT
Quadro FX 5500 & 4500 GeForce 6600

Feedback and Support: NVPerfKit@nvidia.com

© NVIDIA Corporation 2007



v2f BumpReflectVS(a2v IN,

uniform float4x4 WorldViewProj,
uniform float4x4 World,
uniform float4x4 ViewlT)

3 i,waaﬁrl?.@rf 2.0

// pass texture coordinates for fetching the normal map
OUT.TexCoord.xyz = IN.TexCoord;

OUT.TexCoord.w = 1.0;

// compute the 4x4 tranform from tangent space to object space
float3x3 TangentToObjSpace;

// fTirst rows are the tangent and binormal scaled by the bump scale
TangentToObjSpace[0] float3(IN.Tangent.x, IN.Binormal.x,
TangentToObjSpacelll float3CIN Tangent IN Binormal

IN Normal

IN.Normal.x);

by
/777

float

TangentToObjSpace[2] float3(IN.Tangent.z, IN.Binormal.z,
OUT - Ty xCoordl X = (World[0] -xyz, TangentToObjSpace[0]);
OUT. i 18 1] .xyz, TangentToObjSpace[0]);
OUT 1af2] .xyz, TangentToObjSpace[0]);
OouUT - TexCoor 2.x = dot(World[0] -xyz, TangentToObjSpace[l]);
OUT . Tex! t(Wor _Xyz, Tgn tT pace[1]);
ouT. @Ko 5 t(Wor@Q H pace[1]);
OUT .TexC Qvorl angentloobjsSpace[2]);

ouT.

Texﬁg = dot(Worﬁ% Tangen@@g[zp;
[9) [2
float4 Wor (o5 ? X

OouUT .
// compute the eye vector (going from shaded point to eye) in cube spa

gb$a%<vmqyx VSEQ[SX// VVS Ban%e contai

OUT.TexCoord2.w = eerector y,
OUT.Tex eVe
~ellFP1.0"
- w =
///////‘/'/IpAIRBfM//@/////
== =

4 BumpReflectPS(v2f IN,
uniform sampler2D NormalMap,
uniform samplerCUBE EnvironmentMap,
uniform float BumpScale) : COLOR

IN.Normal .z} ;

// fetch the bump norn@lffom the no

float3 normal = tex2D(Norm

// transform the bump
// then use the transfo

=[exCoordl.w
float3 worldNorm;
worldNorm.x = dot(IN. rdl.xyz,normal);

e
1S eye position in world space i

ShaderPerf

worldNorm.y = dot(IN.TexCoord2.xyz,normal);
worldNorm.z = dot(IN.TexCoord3.xyz,normal);

“GPU Arch:.
eGefForce 7X00
eGefForce 6X00
eGeforce FX series
eQuadro FX series

© NVIDIA Corporation ZUU7
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e C:AWINDOWS\system 3 2cmd. exe

dpd rB.x, »1,. »l

reg rA.w, rBA.x

nrm rB.xy=z, ti

mad rl.xyz, vi, rdB.w, r@
nrm r2_.xyz, vl

nrm rl.xyz, t2

dpd r2.x, 2. ¢l

max rl.w, »2.x, c9.x

pow »A.w, »rl.w, c5.x

add »1.w, *A.uw, —c?.x
mov r2.uw, chb.x

add »2.w, »2.uw, —c?.x
rcp r2.uw, 2w

mul_sat »2.uw,. rli.w,. r2.w
mad r1.w, »2.w, c?.y, c.=2
mul p2.w, p2.w,. P2.w

mul »1.w, »1.w, r2.u

mov r2.x, c?.w

add »2 _ w. »2 w., —rR_¥x

Outputs:

<Resulting assembly code
# of cycles

o#t of temporary registers
=Pixel/vertex throughput
Test all fpl16 and all fp32

Shader performance using all FP32
Cycles: 21.88 :: R Regs Used: 3 :: R Regs Max Index <8 has
Pixel throughput ¢assuming 1 cycle texture lookup? 384.76

C:\Teme\NUShaderPEPf_61_7?> |




ShaderPerf: In your pipeline S nVIDIA

® Test current performance

® Automated regression analysis
® Integrated in FX Composer 2.0

© NVIDIA Corporation 2007



ShaderPerf 2.0 Alpha A rVIBIR

® Supports Direct3D/HLSL

® GeForce 7XXX, 6XXX, and FX GPUs

® ForceWare Release 100 Unified Compiler
® Improved vertex performance simulation

and t
® Multi
® Smal
® New

nroughput calculation
nle drivers from one ShaderPerf
er footprint

programmatic interface



ShaderPerf 2.0: Beta S NVIDIA

® Full support for Cg and GLSL, vertex and fragment
programs

® Support for GeForce 8XXX series GPUs
® Geometry shaders and geometry throughput

© NVIDIA Corporation 2007



Questions?

® Developer tools DVDs available at our booth
PerfKit 2.2

PerfHUD 4 Overview Video
PerfHUD 4 Quick Reference Card
ShaderPerf 2.0 Alpha

User Guides

P 990

® Online:

® http://developer.nvidia.com/NVPerfKit

® http://developer.nvidia.com/NVPerfHUD
® http://developer.nvidia.com/NVShaderPerf

® Feedback and Support:

© NVIDIA Corporation 2007

NVPerfKit@nvidia.com

NVPerfHUD@nvidia.com

NVShaderPerf@nvidia.com

FXComposer@nvidia.com
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Six All-New NVIDIA Developer

Check it out at booth #5134!

clipmaps

Clioacs st » s

allow macping st

ariginal S8 imglamane:

Rardware, The advanced festurcs of the VI

Row RErmiE the sama algeAAN USIng EBNAUME RATWEIE.

HORRendering

The sample ales damanstrates anti-sliasing
.+ Pduding Pegh-guality 1x Coverags Sampie

Cloth Simulation

This eampla demanerates how to Emulste coth on the G
Directic 10. The cloth vertex positions are computed in several
rendenng nssses ky [oazng hrough the vertex and geametry
thie strearm sutzut stage 1o stream the
of the geometry stage.

SolldWireframe

without any 2 fighting choique
mplementation of the sl...cmﬂk S8 s "o ingle-Pass
eedracess Mandasing?. Thi becheiaus can ba sxsiy sdded i an

New NV Texture Tools
(GeForce 8800 GTX)

New NV Texure Tools
{intel Core 2 Duo — 1 Core) ]

ATI Compressonat
{AthlonB4 4400 — 2 Cores) o

53_guant
(Athiand 4400 - 1 Core) 0T

0.00 5.00 10,00 15.00
T Comp d Per Second

20,00

GPU-Accelerated
© NV-IE%J;uilrn%o;r 00 | )

Shader Performance

F CoskTerrance._i

Fanres

ShaderPerf 2

ools!

«D_ YIS N

Shader Library



	Performance Tools
	Performance Tools Agenda
	GPU Pipelined Architecture (Logical View)
	GPU Pipelined Architecture (Logical View)
	Common Problems
	PerfHUD: Direct3D debugging and tuning
	New! PerfHUD 5.0!
	Demo: PerfHUD
	Demo: Performance Dashboard
	Demo: Performance Dashboard
	Demo: Performance Dashboard
	Demo: Frame Debugger
	Demo: Advanced Frame Debug
	Frame Profiler
	Demo: Frame Profiler
	Demo: Advanced Frame Profiler
	Counter Types
	Direct3D/OpenGL Driver Counters
	GPU Counters
	How do I use PerfKit counters?
	PerfAPI: Real Time
	PerfAPI: SimExp
	Associated Tools: NVIDIA Plug-In for Microsoft PIX for Windows
	Graphic Remedy’s gDEBugger
	Project Status
	ShaderPerf 2.0
	ShaderPerf: In your pipeline
	ShaderPerf 2.0 Alpha
	ShaderPerf 2.0: Beta
	Questions?
	Six All-New NVIDIA Developer Tools!�Check it out at booth #5134!

