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Performance Tools Agenda <X

® Problem statement
® Overview of GPU pipelined architecture

® NVPerfKit 2.0: Driver and GPU Performance Data
® NVPerfHUD: The GPU Performance Accelerator

® NVPerfSDK: Performance data integrated into your
application

® NVPerfHUD ES Sneak Preview

® gDEBugger: OpenGL performance analysis and
debugging

® NVShaderPerf: Shader program performance
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The Problem? <A

Why is my app running at 13FPS after CPU tuning?
How can | determine what is going on in that GPU?
Why are NVIDIA engineers are able to figure it out?

The Solution? NVPerfKit!

35% FPS improvement!*
11 Rendering bugs fixed!*

*Average of 35% FPS improvement and 11 bugs fixed reported by
over 100 users of NVPerfHUD in recent Developer Survey
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GPU pipelined architecture <X

® Pipelined architecture: each unit needs the data from
the previous unit to do its job

® Method: Bottleneck identification and elimination
® Goal: Balance the pipeline
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GPU Pipelined Architecture simpiified view) @
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One unit can limit the speed of the pipeline...



Classic Bottleneck Identification <X

Modify target stage to decrease workload ﬁ

—
FPS FPS

If performance/FPS improves greatly, this stage is the bottleneck
Careful not to change the workload of other stages!
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Classic Bottleneck Identification <X

Rule out other stages, give them little or no workﬁ

—
FPS Bl B | rrs

If performance doesn’t change significantly, this stage is the bottleneck
Careful not to change the workload of target stage!
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Ideal Bottleneck Identification <X

® Sample performance data in each subunit of ﬁ
the GPU pipeline while rendering

® Compare amount of work done to maximum work
possible

® Query the subunit for unit bottleneck information

® NVPerfKit: The Ideal GPU Performance Tool!
® NVPerfHUD: The GPU Performance Accelerator
® NVPerfAPI: Integrated in your application

Analyze your application like an NVIDIA Engineer!
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What is in the NVPerfKit package? <3

Plug and Play Monitor, and N¥IDIA Quadro FX 4000

General Adapter tanitor

Color M anagement @3 Guadro

Instrumented Driver , AVIDIA.
GLExpert v
NVPerfHUD
NVPerfSDK
NVPerfAPI

Sample Code

Helper Classes

Documentation
Tools

NVIDIA Plug-In for

Microsoft PIX for Windows
gDEBugger 2.4
NVDevCPL
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NVPerfKit Instrumented Driver <A

® GLExpert functionality

® Exposes GPU and Driver Performance Counters
® Data exported via NVIDIA APl and PDH

® Supports OpenGL and Direct3D

® Simplified Experiments (SimExp)

® Collect GPU and driver data, retain performance
® Track per-frame statistics
® Gather and collate at end of frame
® Performance hit 1-2%
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GLExpert: What is it? <X

® Helps eliminate performance issues on the CPU

® OpenGL portion of the Instrumented Driver
® Output to stdout or debugger
® Different groups/levels of information detail
® Controlled using environment variables in Linux, tab in
NVDevCPL on Windows
® Information provided:
® GL Errors: print when raised
® Software Fallbacks: indicate when the driver is in fall back
® GPU Programs: errors during compile or link
® VBOs: show where they reside, mapping details
® FBOs: print reasons for unsupported configuration [l




GLExpert: NVDevCPL tab

» VIDIE eVl DpETCon ol ane]

GLE =pert Settings

Repart Ermars

Performance
Monitor Report Software Fallback Mezsages

I@ [ ] Report Wertex and Fragment Program Meszages

Report WEO Meszages

ik [ ]1Report FEQO Meszages

G L Dretail Lewvel

G-LExpert

All errors with warnings on ugage which may cause
zuboptimal runtime performance

Send Output To: | Debugger [OutputDebugString]

Cancel ]
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NVPerfKit: Counter Types <X

® SW/Driver Counters (Instrumented Driver)
® Insight into OpenGL and Direct3D driver performance
® Exposed via NVPerfAPI, PIX, and PDH

® Raw GPU Counters (Instrumented GPU)

® Real time performance monitoring
® Exposed via NVPerfAPI, PIX, and PDH

® Simplified Experiments (Instrumented GPU)

® In depth performance analysis and bottleneck
determination

® Exposed via NVPerfAPI

® Instrumented GPUs

Quadro FX 5500 & 4500 GeForce 6800 Ultra & GT
GeForce 7900 GTX & GT GeForce 6600
GeForce 7800 GTX
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OpenGL/Direct3D 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
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Realtime GPU Counters

gpu_idle

: Vertex
vertex_attribute_count Assembly

vertex_shader_busy Vertex

Shader

culled_primitive_count
primitive_count
triangle_count
vertex_count

Primitive
Setup

fast z count Raster /
shaded_pixel_count ZCull

pixel_shader_busy _
shader_waits_for_texture Pixel Shader
shader_waits_for_rop

Raster
rop_busy Operations

Texture
Unit
(Filtering)

() SIGGRAPH2006



Simplified Experiments

IDX SOL
IDX Bottleneck

Vertex
Assembly

GEOM SOL
GEOM Bottleneck

Vertex
Shader

Primitive
Setup
Texture
Unit

Filterin
Raster / ( 9)

ZCull

ZCULL SOL
ZCULL Bottleneck

SHD SOL

SHD Bottleneck Plagl Snetder

ROP SOL Raster
ROP Bottleneck Operations

FB SOL
FB Bottleneck

TEX SOL
TEX Bottleneck
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What is NVPerfHUD? <X

® Direct3D Performance and Debugging Tool

® Overlay graphs and debugging tools on top of
your application

® Interactive tools for debugging and performance
tuning

® 4 different screens
® Performance Dashboard
® Debug Console
® Frame Debugger
® Frame Profiler (New in 4.0)




How to use it <A

® Drag and drop your application onto the
NVPerfHUD icon

® Run through your application as you
normally do until you find:
® Functional problems: use the Frame Debugger

® Performance problems: use the Dashboard
graphs and Frame Profiler




Demo: NVPerfHUD &
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IDMARK ™= 5 857 Time: 0:05,38  Frame:
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Demo: Performance Dashboard

- Jh ¥S = PS ROP (time in m
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Demo: Performance Dashboar
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T EOR BENCHMARKING

Demo: Performance Dash @’Z
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Demo: Performance Dashboard

- Vi VS = PS ROP (time in ms

-
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Demo: Performance Dashboard <A

Resource creation monitor

Tex VolTex CubTex VB IB RT DSS

® Resources monitored
® Textures
® Volume Textures
® Cube textures
® Vertex Buffers
® Index buffers
® Stencil and depth surfaces
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Demo: Performance Dashboard

- Jh ¥S = PS ROP (time in m

3DMARK"=
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Demo: Performance Dashboard <X

Speed control

. : ramne : 339400 Time: 28.7
Speed

HVPertHUD wver=zion: 4.0.321.1500
HVIDIA driver wer=sion: b.14 10 7772
App name: C:~Program PFiles“Futuremark
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Demo: The simplified graphics <X
pipeline

100
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S50

25

Wi V5 = PS5 ROP (time in ms)

Vertex

Vertex Shader Pixel Shader Raster OPerations

Assembly
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Demo: Debug Console

6221443 = NOT FOR BENCHMARKING

IDMARK"S
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Demo: Frame Debugger

16.3 [20] TRIs/Frame: 2040595 Time: B7.1

N¥PerfHUD 4.1.622.1443 - NOT FOR BENCHMARKING

Type: RT TEXTURE
128001024, A16B16G1E6R16F
MIPs:1

B

© FrameBuffer ¥ Exporl... averced.. [ Hee a0

Step Back Step Forwsard ["

Fé — Debug Consols =F? - Frams Debugger=

3DMark06 used with permission from Futuremark corporation



Demo: Advanced Frame Debug &

€ 120] THIsFross 2040835 Tise 1290 wmce [ON] WD 4122 T4 = NOT PO BENCHNARCING

£ - Pericrmsnce Dessbeard % = Doty Comacie T - Frass Coswypers i = Frame Prediles
PSS S0 % [20] THIsFiems. I0ADIY Tism 140 6 emcs (O] WD 4 122 T4 = NOT O BENCHNARCING
[ S Pt e P s

P ]  mwemae T bt -~
5 - Pericrmsbce Dessbeard % = Doty Comacie 7 - Frass Cetwypers i = Frame Prediles

3DMark06 used with permission from Futuremark corporation

s

564 (20] TEIsFrems 2040835 Tise 104 WP 12 T4 = NOT O BENCHNARCING

R Ve iy o e [rop—

PRTRR e
[T T—— T —— 7~ Frasa butwpers P = Frame Protiler
PRS- 16 5 (20] TEIsFrese 2040096 Tise 141 0 secs [ON] FrPerdEUD 4 1 622 1440 - NOT POR BENCHMARNING

I ]

¥ - Pericrmsbce Dessbeard % = Doty Comacie 7 - Frass Cotwypers i = Frame Prediles
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Frame Profiler <A

® NVPerfHUD uses NVPerfKit and SimExp
® Samples ~40 Performance Counters (PCs)

® Can not read all of them at the same time

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




Frame Profiler: Optimization Strategy <X

® Group by render state (“state buckets”): helps show
most expensive states to render

® Identify the bottleneck for the most expensive state
bucket

® Curing the bottleneck with a common corrective
action should result in increased performance

® lterate...




Demo: Frame Profiler

FPS: 233 [20] TRIs/Frams: 2040595 Tine: 163.9 secs [ON] WYP=rfHUD & 1 622 1443 - NOT FOR BENCHMARKING
State buckets:
vy v v v
b 1 vertex Shaderh | Pixel Shader b | ROP Fi = B Fixel Shader Constarts
3

Calls Time v Pizels

11.337 ms 7546415

Drawe calls in selected State Bucket: Type: RT TEXTURE
Ord Prims Time v Pizels 1280x1024, A16B16G16R16F
MIPz:1

1.870 ms 1301868

Total Time

Wertex Azzembly

Wertex Shader

Pizel Shader

Texture Unit

Raster Operstions

Step Back Step Forwsard v Export... Advanced... . Hicle &1

-
1

FE - Performance Dashboard F& — Debug Console F? — Frame Debugger =F8 — Framne Profiler=
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Demo: Advanced Frame Profiler <«

FPS. 13 4 (0] TEIn-Fress. 20400%5 Tiss 210 & wece [ON] FrPeriEUD 4 1 622 1440 - NOT POR BENCHMARN1NG
[T v
e —— v u

£ - Pericrmsnce Dessbeard % = Doty Comacie R =F8 = Frame Protslers

FPS. 246 [20] THDsFiems. I0ADIYS Tism 146 0 e (O]
She e 1S P T
e TR T

P ]

5 - Pericrmsbce Dessbeard % = Doty Comacie F7 - Frasa Cmtwiyes =F8 = Frame Protilers

3DMark06 used with permission from Futuremark corporation

FPS. 114 (0] TELa-Frese 20408¥S Tiss 1427 sscs [ON] FrPerdEUD 4 1 622 1440 - NOT POR BENCHMARNING
[T — v
- v u

5 - Pericrmsnce Dessbeard % = Doty Comacie F7 - Frasa Cmtwiyes =F8 = Frame Protilers

FPSS 203 (230] THIsFress. 2040835 Time 2600 wecs [OW]
Sre T S P TR
e TR P e

¥ - Pericrmsbce Dessbeard % = Doty Comacie R =F8 = Frame Protilers
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Freezing the application <X

® Only possible if the application uses time-based
animation

® Stop the clock
® Intercept: QueryPerformanceCounter(), timeGetTime()
® NO RDTSC!

® Pos +=V * DeltaTime

c SIGGRAPH2006



How do | use NVPerfKit counters? <X

® PDH: Performance Data Helper for Windows

® Win32 API for exposing performance data to user
applications

® Standard interface, many providers and clients
® Sample code and helper classes provided in NVPerfSDK

® Perfmon: (aka Microsoft Management Console)
® Win32 PDH client application
® Perfmon’s sampling frequency is low (1X/s)
® Displays PDH based counter values:

® OS: CPU usage, memory usage, swap file usage, network
stats, etc.

® NVIDIA: all of the counters exported by NVPerfKit

® Good for rapid prototyping ryo—




Enable counters: NVDevCPL

Anvinibeveloperontrol Panel
Available Counters Active Counters

EER) wertew attribute_count
I g EER] wertex_count
MVIDLA -l wertex_shader_busy
Performance =8 GPU_Shader
Maritar EER) fast_z count
EER) pirel_shader_busy
I@ EER) rop_busy |W|
ghader_waits_for_rop A
zhader_waitz_for_texture
testure_waits_for_shader

R OGL AGP/PCI-E uzage [bytes)
GLExpert OGL AGPAPCI-E uzage [ME)

EER) OGL driver sleeping

R OGL FPS

[EF OGL Frame Batch Count

EEF] OGL Frame Primitive Count

Counter Dezcnption

030 time in driver ; D30 last frame mSec zpent in D30 driver

Settings

Default lozation for counter configuration files [*.ctr) Set Falder...

Cancel ]
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Graphing results: Perfmon

.
i Performance

g}i Eile  Action View Favarites  Window  Help
E%

] Console Rook
:;i| System Monitor
+ ﬁ Performance Logs and Alerts 100

g0
=1
40
20

1]

34.968 Average 62,919  Minimum 23.944  Maximum
Caration

| Caolor | Scale | Counker | Instance | Parent | Object | Computer
1,000  GPU Counker Walue S gpu_ GPU0 WYIDLA GPU Performance  13SDOMINE-F. .
GPU Counker Yalue %% primikive_counk MYIDIA GPU Perfarmance  \\SDOMIMNE-P...
OGL Counker Waluge 9% OGL % driver waiting MYIDIA OpeniGL Driver 3DOMIME-P. ..
OGL Counker Yalue 9% OGL % pushbuf used MYIDIA OpeniGL Driver SDOMIME-P. ..
QGL Counter Yalue  OGL FPS MVIDIA Openil Driver V1 SOOMIMNE-F. ..
OGL Counker Yalue  OEL Frame m3ec sleeping MYIDIA OpeniGl Driver WSDOMIME-P. ..
OGL Counker Yalue  OGL Frame time mgec MYIDIA OpeniGL Driver 3DOMIME-P. .,
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NVPerftAPI

® NVIDIA API for easy integration of NVPerfKit

® No more enable counters in NVDevCPL, run app
separately

® No more lag from PDH

® Simplified Experiments

® Targeted, multipass experiments to determine GPU
bottleneck

® Automated analysis of results to show bottlenecked unit

® Use cases

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

® Simplified Experiments for single frame analysis &) siccrusrizons




NVPerfAPl: Real Time

// 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”, O,
&nTexEvents, &nTexCycles);

NVPMGetCounterValueByName(“gpu_idle”, 0, &nldleEvents,
&nldleCycles);
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NVPerfAPl: Real Time

// Somewhere in setup

nVSBusy = NVPMGetCounterByName(“‘vertex_shader_busy™);
NVPMAddCounter (nVSBusy) ;

nPSBusy = NVPMGetCounterByName(“‘pixel _shader busy’);
NVPMAddCounter (nPSBusy) ;

nWaitTexture = NVPMGetCounterByName(“shader waits for_ texture™);
NVPMAddCounter(nWaitTexture);

nGPUlIdle = NVPMGetCounterByName(“‘gpu_idle™);
NVPMAddCounter(nGPUIdle);

// In your rendering loop, sample using IDs
NVPMSample(aSamples, &nNumSamples);
for(ait = O0; 11 < nNumSamples; ++11) {
if(aSamples[i1i1].index == nVSBusy) {
+
if(aSamples[ii1].1ndex == nPSBusy) {
+
if(aSamples[ii].index == nWaitTexture) {

+
if(aSamples[ii].index == nGPUldle) {
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Vertex Fetch  WVertex Fragment Frame Buffel
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NVPerfAPI: Simplified Experiments &%

NVPMAddCounter (“GPU Bottleneck’);
NVPMAIlocObjects(50);

NVPMBeginExperiment(&nNumPasses) ;

for(int 11 = O; 11 < nNumPasses; ++i1) {
// Setup the scene, clear Zbuffer/render target
NVPMBeginPass(il);

NVPMBeginObject(0);
// Draw calls associated with object O and flush
NVPMENndObject(0);

NVPMBeginObject(1l);
// Draw calls associated with object 1 and flush
NVPMENndObject(1);

flores s
NVPMEndPass(i1);
+

NVPMEndExperiment();
NVPMGetCounterValueByName(“GPU Bottleneck”, 0, &nGPUBneck, &nGPUCycles);
NVPMGetGPUBottleneckName(nGPUBneck, pcString); // Convert to name

// End scene/present/swap buffers
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NVPerfAPI: Simplified Experiments &%

GPU Bottleneck experiment
® Run bottleneck and utilization experiments on all units
® Process results to find bottlenecked unit

® Individual unit information can be queried
® Events: % utilization or % bottleneck...best way to

Can run individual unit experiments

visualize data

Cycles: microseconds that the experiment ran,
helps recompute the numerator for sorting

NVPMGetCounterValueByName(““IDX BNeck”, 0O, &nlDXBneckEvents,
&n1DXBNeckCycles) ;

NVPMGetCounterValueByName(“IDX SOL”, 0O, &nIDXSOLEvents,
&nIDXSOLCycles);
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NVPerfAPI

& Applications Actions SR @ Tue May 16, 10:28 PM \:

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++ -0 ../bil i /SXMLG
UI/GUI/GUICh h aCe .0 Sou
ree /SKMLGUT /1 tton.
o Source/SXM [GUL/G
UITexCoordDe: ree/S
XMLGUI/Tools, unting -1GL
-1GLU -1glu
Source/SXMLGI unting
: undefined 1
collect2: 1d
make: *** [,
[decornish@pt
g++ -0 .. /bi /SXMLG
UI/GUL/GUICh .0 Sou
rce,/SXMLGUTL / 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
I/GUIFont.o Sou
GUIRadioButton.
VertexFetch  “ertex  Fragment Frame Bufier  ROF Fragment Program Busy [32.02] a/SXMLGUI/GUI/G

|53, 18] [30,17]  [60,50)  [37.17) 18 1] Wertex Shader Busy [5.36] Fragment Program Waits for Texture [3.92] Font.o Source/$

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@ pi-test| <. /home/dcomish/h [dcornish@ pt-tes [p4sw:2006, dcor| Bl dcomish@ pi-test [Stunt Course - h
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Associated Tools: NVIDIA Plug-In for <&
Microsoft PIX for Windows

PI¥ Counters

_Triggers,l'.ﬂ.ctions TarAk Bra A Al available counters Chosen counters
= My Countersets uidle
T A X [+ Direct30 Counkers
= 9F Program Start [#- Performance Counters
M Set Counters: (None) Action Type: (=i~ Plugin Counters
= MWIDIA Performance Counters
D30 frame FPS

Counkerset: Add ==

| =< Remove |

Fewer Options

Save fs Counterset, .,

Descripkion of selected counker

D30 Last frame m3ec spent in 030 driver

Cancel
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ssociated Tools: NVIDIA Plug-In for <2
icrosoft PIX for Windows

® PIX for Windows - Run1 @@

Run1: Timeline

Frame

Frame

w

(LIS

wlu

s

Wit o

(LIS

w

Fram
--Frame
Fram

w

w

815 Frame 7228416 13 4.0
| 816| = Frame 814 6702592 149.2
; 14

~Frame 0

Frame
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Project Status

® NVPerfKit 2.0 for Windows 32bit available now at
developer.nvidia.com
® NVPerfKit 2.1 (August 2006)
® NVPerfHUD 4.1
® ForceWare Release 90 Driver
® Windows 64 bit
® Linux 32 bit and 64 bit
® Instrumented GPUs

Quadro FX 5500 & 4500 GeForce 6800 Ultra & GT
GeForce 7900 GTX & GT GeForce 6600
GeForce 7800 GTX

Feedback and Support: NVPerfKit@nvidia.com
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NVPerfHUD ES <A

® Developing similar performance tools for handheld
developers using OpenGL ES

® Application runs on real hardware with
Instrumented Driver

® IDE runs on host computer (Linux or PC)

® Same debugging and performance analysis tools
that are available on NVPerfHUD 4.0!

() SIGGRAPH2006




Performance Dashboard

<

—=
Performance
Dazhboard

Frame
Debugger

<
| #VIDIA. |

Speed Bar
1116 1/8 1/4
1

Directed Tests

[ 2x2 Testures

[ lgnare Diraw Calls

[ lgnare &0 Callz

[] Dizable VSync

] Dizable Blending

[] Disable Lighting

[ Mull Yiewport

] Mull Combiner Program

Timing Graph [mz]

] ]

Wideo Memony [%]

Laocal Memary [ME]

Batching Histogram

0-4 519

L]
45-79  &0-124 125173 180-244 245+

e _— - o— = .
A A e | B e e e —— e —

e —

Frame Time

Crrawe Calls Per Frame

161 fps | Primitive Count 17731 per frame

7 Texture | ) Combiner Program | @ Vertex Buffer Object | @ Connected to prideout-linux
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Debugging Features

rubber Call T

Color

Draw Call 1 /16 glDrawE lementz(GL_TRIANGLE GMED_SHORT. O0x00000000]

| RVIDIA. |

— c SIGGRAPH2006
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Texture Viewer

©

Frame Scrubber Call Trace Geometry Wiewer State Viewer

Texture Olsject 4
128 x 128

Texture Object 333
32x32

@ Miplevel 0 % | |Crozz

Mavigation Bar

Draw Call 11 /11

Texture Yiewer

@ Connecked to localhost
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Graphic Remedy’s gDEBugger

€ Nature

FPS Monitor

Triangle count: 181328
Visible Cells: 32%
| Current FPS: 35

Alpha Reference: 0.25
—_—
Alpha Booster: 1.50

_xf Transparency AA

b2, e T T

2.

¥ oDEBugoer - GRTeaPot @@

File  Edit

Calls Stack

Function name: tpDrawScene
File patl ' 4 i

= . GPU.. GPU..
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Free gDEBugger Licenses! <X

® OpenGL ARB and Graphic Remedy
Academic License Program

® Annual program for academic OpenGL
developers

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

® Limited number of free licenses available
for non-commercial, non-academic
developers

® Details: http://academic.gremedy.com




NVShaderPerf

-----




v2f BumpReflectVS(a2v IN,
uniform float4x4 WorldViewProj,
uniform float4x4 World,
uniform float4x4 ViewlT)

{ <2
V.
P %ﬂadarf’erf
OUT .P: ewPr
// pass texture coordinates for fetching the normal map o C\WINDOWS\system321cmdexe
OUT.TexCoord.xyz = IN.TexCoord;
OUT.TexCoord.w = 1.0; dp3 PB-X, 1.1, ri
// compute the 4x4 tranform from tangent space to object space PEQ rB.w, pB.x
float3x3 TangentToObjSpace; nrm PB-)(_I,!Z t1
// fTirst rows are the tangent and binormal scaled by the bump scale mad ri xyz' i rB.w »B
TangentToObjSpace[0] = float3(IN.Tangent.x, IN.Binormal.x, IN.Normal.x); = - - =T
TangentToObiSpacel1l = float3CIN. Tangent IN . Binormal IN. . Normal = nrm 1“'2-)(_!,!2, rl
TangentToObjSpace[2] = float3(IN.Tangent.z, IN.Binormal.z, IN.Normal.zp; nrm ri.xyz, t2
OUT. Ty xCoordl X = (World[0].xyz, TangentToObjSpace[0]); dp3 r2.x. r2. rl
OUT. t I®[1].xyz, TangentToObjSpace[0]); max rl.w, »2.x,. cP.x
OUT I2].xyz, TangentToObjSpace[0]); pow rB.w, »rl.w. ch.x
OUT. TexCoor 2.x = dot(World[0].xyz, TangentToObjSpace[1]); add »1.w, 8w, c7?.x
OUT.Tex t(Wor _Xyz, Tgn tT pace[1]); mow l"z.w, ch.x
ouT. o S tW“@Q H pace[1]); add »2.w, »2.uw, —c?.x
OUT.TexC @orl angen 0 1] pace[2]); rcp r2.u, r2.uw
OUT.Tex dot(Wor Tangen [21); mul_sat »2.uw, ri.w, r2.u
@lreg Jz ? §[2X mad r1.w, »2.w, c?.y, c.=2
ﬂoat“ i o mul »2.w, p2.w. r2.w
// compute the eye vector (going from shaded point to eye) in cube spage mul rlow. Plow. r2.w
floa = [3 / v an eNcontamhs eye position in world space ir . e -
L eM31.X,VS2.X, VS3.x noy r2lx. o9 w
OUT.TexCoord2.w = eerector y: add v2 . w. w2 w. —cft.x
OouT. Texi eVe
~ellFP1.0

3

/777 ///////‘/'/IpAIRBfM//@/////

== =
float4 BumpReflectPS(v2f IN, Out utS -
uniform sampler2D NormalMap, -
uniform samplerCUBE EnvironmentMap,

e — *Resulting assembly code
gl N =¥ of gycles

A 4 VShaderPert =# of temporary registers
o Eﬁiélh'exc;oiﬂi'i S *Pixel th roughPUt

GPU Arche eTest all fp16 and all fp32

retNQJItEXC ,mlOOKuUp);

=GeForce 7X00
GeForce 6X00
. Shader performance using all FP32

eGeforce FX series Bixel throighput Cassuming 1 cycle boxtuve leokups 304.75

.Quad ro FX Series C:\1'eme\NUShaderPEP{-‘_ﬁi_'?'?) |

float3 worldNorm;
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NVShaderPerf: In your pipeline

® Test current performance
® Compare with shader cycle budgets
® Test optimization opportunities

® Automated regression analysis
® Integrated in FX Composer 1.8
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Disassembly

Target GPU

Driver version match
Number of Cycles
Number of Registers
Pixel Throughput

Forces all fp16 and all fp32
(gives performance bounds)

I'_IJF'r'n:aner't

II_IJF'r'n:nper'tiEe:: i shader Perf

s00ull -
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NVShaderPerf 1.8 <A

® Support for GeForce 7800 GTX and Quadro FX 4500
® Unified Compiler from ForceWare Release 80 driver

® Better support for branching performance
® Default computes maximum path through shader
® Use —minbranch to compute minimum path
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NVShaderPerf 1.8

o,
/I determine where the iris is and update normals, and lighting parameters to simulate iris geometry
T T T T

float3 objCoord = objFlatCoord;
float3 objBumpNormal = normalize( f3tex2D( g_eyeNermel, v2f.UVtex0 ) * 2.(

objBumpNormal:0.350000*objBumpNormaljr(1»0.350000) obJFIatNon Eye Shader from Luna

half3 diffuseCol = h3tex2D( g_irisWhiteMap, v2f.UVtex0 );

LIZlaflgssppee(ii)l(gréozloéof;]3tex2D(g_eyeSpecl\/Iap,v2f.UVtexO)*g_specAmount; MaXImum branCh takes 674 CyC|eS
fioaiiea Minimum branch takes 193 cycles.

float3 centerToSurfaceVec = objFlatNormal; // = normalize( v2f.objCoord )
float firstDot = centerToSurfaceVec.y; // = dot( ce .._1_.. C:\ e
if( firstDot > 0.805000 ) =

/I'We hit the iris. Do the math. sstmp it isswsdevre Insdkstoo lssbinsre lease_pdbsnushperfsnvshaderperf —a NU48 corn
a2.txt

/l we start with a ray from the eye to the surface

float3 ray_dir = normalize( v2f.objCoord - objEy

float3 ray_origin = v2f.objCoord; unning performance unuiﬂile Cornea? . txt

Il refract the ray before intersecting with the iris arget: GeForce 6808 Ultra <(HU4@> : Unified CDITII.Ii].El"': P2

ray_dir = refract(ray_dir, objFlatNormal, g_refr _UC].ES: 67425 : R REQS Uzed: 12 Hi REQS Max Index <@ hased>»: 11
ixel throughput <assuming 1 cycle texture lookup? ?.58 MPr=

/I first, see if the refracted ray would leave the e z z
float t_eyeballSurface = Spherelntersect( 16.0, r sntmp Xt s sswsdevre 1nsdkstoolssbinsre lease_pdbsnushperfsnuzshaderperf —minbranch -

float3 objPosOnEyeBall =ray_origin +t_eyeball NU48 cornea2.txt
float3 centerToSurface2 = normalize( objPosOn

unning performance on file Cornea2 . txt

if( centerToSurface2.y > 0.805000 ) HU 46

e arget: GeForce 6880 Ultra (HU4B> :: Unified Compiler: o?7?.72
/I Display a blue color ycles: 192.82 :: R Regs Used: 12 z: R Regs Max Index (B based): 11
diffuseCol = float3( 0, 0, 0.7 ); ixel throughput {asszuming 1 cycle texture lookup> 33.33 HP-=
objBumpNormal = objFlatNormal;
specularCol = float3( 0, 0, 0); tntmp
specExp = 10.0;

}

else

{

/[ transform into irisSphere space
ray_origin.y -=5.109000;

/[ intersect with the Iris sphere

float t = Spherelntersect( 9.650000, ray_origin, ray_dir );
float3 SphereSpacelntersectCoord =ray_origin +t * ray_dir;
float3 irisNormal = normalize( -SphereSpacelntersectCoord );




NVShaderPerf — Version 2.0

® Improved vertex performance simulation and
calculation of vertex throughput

® GLSL vertex program

® Multiple driver versions from one NVShaderPerf
® Much smaller footprint

® New programmatic interface

® Integration into FX Composer 2.0

Support and Feedback: NVShaderPerf@nvidia.com
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Questions?

® Developer tools DVDs available at our booth
® NVPerfKit 2.0
® NVPerfHUD 4.0 Overview Video
® NVPerfHUD 4.0 Quick Reference Card
® User Guides

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

® Feedback and Support:
NVPerfKit@nvidia.com
NVPerfHUD@nvidia.com
NVShaderPerf@nvidia.com
FXComposer@nvidia.com
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GPU Programmmg

developer.nvidia.com

Latest News

Developer Events Calendar
Technical Documentation
Conference Presentations

* GPU Programming Guide

e Powerful Tools, SDKs and more ...

Join our FREE registered developer program for early
access to NVIDIA drivers, cuttmg edge tg@!ﬁne

support forums, an --1,‘
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developer.nvidia.com
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