NVIDIA.

PerfHUD 6 User
Guide

DEVELOPMENT




Table of Contents

Chapter 1. New in PErfHUD 6 ....oooviiiiiiiiiiiiiiiiiiis ittt e 5
New Features in PErfHUD B.5........cccoiiiiiiiiiiiiis e eeerineesneeennneennne e 5
Frame Capture for Direct3D 10 APPHCALIONS.........ccveeiiiiiiiiiiieee e 5
Scissor Experiment Hotkey Change............evvviiiiiiiiiiiiie e 5
New Features in PErfHUD B.1........ccccoiiiiiiiiiiiiis eeriee s sree s eeesneesneeennneesnneennneens 5
L] 0T U o] oL ¢ PRSP 5
Hardware Support and Driver ChangES..........ceviiiiiiiiiiiiins critiiee et eariveeeesaeeeas 6
I I IS o] o o AU 6
Unified Driver ONNVINAOWS ViSTA.........ccuuviiiiieiiiiiiiiieiee ettt ssneneee e e e e 6
New Performance Dashboard FEAtUreS.........ccoviiiiiiiiiiiiiiis e eeevnireeeeeeeas 6
] (o] 0 =L PP PP P PP PPRTT P PPPPPPRRPPN 6
] I ] =1 ] L= U 6
Save and LoaBraph LayOULS..........coooiiiiii i er e e e e e e e e e e e e e e e e e 7
New Frame Debugger FEAUIES..........cii ittt eete ettt reeeesee e e sene e e naneeas 7
Texture and Sampler State Editing.........cccooiiiiiiiiiieiiie e 7
TEXIUIE VISUALIZATION. ...ttt e e e e e e 7
APL CaLIST.....ceeeieiee ittt e e e e e e e e e e e et e e e e e e e e nnarar e e e e e e anrrraraeeeaans 4
DEPENUENCY VIBW....ceiiiiiiiiiiiie ettt e e et e e e e e s e e e e e e e e 7
Improved D3D Perf EVENE VIBW.........ccoioiiicirtstts e re e e e e e e e e e e e e e e e e e 7
New Frame Profiler Graphis.........cco s it areeeesntiee e e sreee e .7
NEW HOUKEYS. ... ettt e e e e e e e es et errrrrreee taeeeeeeeeaeanaeaaaaas 8
GlODAI HOTKEYS. ...ttt e e et e e e e e eee e 8
PerformanceDashboard HOtKEYS..........coooiiiiiiiiiiiiee e 8
Common Frame Debugger/Profiler HOtKEYS ........ccuvviiiiieiiiiiiieee e 8
Advanced Frame Debugger HOKEYS...........ouiiiiiiiiiiiieiie e 8
Chapter 2. Performance Dashboard — ..........cccciiiiiiiiiies e 10
THE INFO SHP eeeeei i e e e e e e e e sbrre e s eabeeeeanrreeeae 10
LI 0= 1 o R 11
ReEAHIME EXPEIIMENTS. ...t et eeete et ees beeeaaesaaaabreeeaa e e aanreeee anrees 11
Customizing your Graphs and LAYOULS..........cooiiuiiiiiiiiiiiiiis et eeenireaeeeaens 12
DA-01231-001_v06 2

November 2008



Interpreting the Default Graphis ........oocciiiiiie s e e e e e e e s 15

The Unit Utilization Graph...........ccoooeeer e 15
The TIMING Graphi.......oeeeiieee e e e s e s 16
Chapter 3. Debug CONSOIE .....coeiiiiiiiiiiiis e aaeeae 17
Chapter 4. Frame DebUgOer ..ot e e 18
Y 4] 0] = 1Y, o o =R 19
LIS LT ST R 19

A CAIILIST VIBW. ...ttt ettt ettt ettt e et e e e e e e e e e e e e e e e eee e e s s e e s s s e s s e e s e nnnnsennnenreereeeenenes 20
DEPENUENCIWIEW. ...ttt e e e e et e e e s e e e e e e s s annrnnreeeeeaanns 20
D3D Perf EVENIS VIBWL . uuiiiiiiiiiiieiiiii i et ee e e e e e e e e e e e s e e s s s e s s sss s saeeeeeeeeeeeeeeees 21
AAVANCEA MO et e e es eeee e e e e e e e a e e s eeeeesaaaaaneees 21
VerteXASSEMDBIY INSPECIOL.........iuiiiiieee ettt e e 22
Vertex, Geometry and, Pixel Shader INSPECIOIS...........cccoviiiiiiiiiiiieiiiiiieee e 23
Raster Operations INSPECIAL..........cuiiiiiiiiiiiiee et 25
Chapter 5. Frame Profiler ... e . 27
SIMPIE MOTE..... it e ree et e st e e e st e s e e e see beeeeaabeeeaneees 28
SEALE BUCKETS. ... e e e e e e e e e nnne 30

Yo A=V g T =Y I 1Y/ To [ PSSR 32
Chapter 6. TroubleShootiNg  ....coooviiiiciiciies e 33
KNOWN ISSUBS.....iiiieiee it ettt ees teraaaaaa s e s s s aiies tereeeeeeeeeeseneens 33
Chapter 7. Appendix A. Why the Driver Waits for the GPU ..., 34
Chapter 8. Appendix B. The NVIDIA Software Improvement Program ... 35
Chapter 9. Appendix C. Signals Reference  ......cccccoviiiiiiiiiiiiics e, 36
3

DA-01231-001_v09

November 2008



DA-01231-001_v09
November 2008



Chapter 1. New in PerfHUD 6

This chapter describes all the new features of PerfHUD 6, including:

Supportfor SLI
Support for the latest NVIDIA GPUs

{ dzLJLI2 NI F2NJ yS¢ FSIFGdz2NBa Ay 5ANBOG-mn FyR

Unified Instrumented Driver

More signals

Better and deeper display of textures

Better onthe-fly editing and comparisons of-game HLS&haders
YR (KI{iQ&a 2dzaG GKS GALI 2F G4KS AOSoSNHO®
b+L5L! Q&8 LISNF2NXIyOS Sy3AySSNa Kt &S
SOSNY} 2SS K2LIS e2dz Sye2z2e dzaAy3da Ad |
development process as earlier versidrave been.

We are especiallinterested in your opinions! As you explore and use PerfHUD, be sure to give
us your feedback gierfhud@nvidia.com

New Features in PerfHUD 6.5

Frame Capturéor Direct3D 10 Applications

PerfHUD 6.5 adds the ability save an entire set of D3D Frames to disk for later analysis. Use
the Ctrl+Shotkey from the Frame Debuggd¥d mode to save capture to disk. Doublelicking
the savednvcfile will launch the PerfHUD Replayer application, and allow you to andigze t
capture using all the standard PerfHUD tools.

Scissor Experiment Hotkey

The Scissor experiment is now boundXtwl+X

New Features in PerfHUD 6.1

GPU Support

PerfHUD 6.1 adds support for all GT200 based cards, including GeForce GTX 280, GTX 260 cards,
and GT200 based Quadro car@der model NVIDIA cards incingGeForce 7, 8 and 9 series
cards continue to be supported.
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Hardware Support and Driver Changes

SLI Support

Support for dual GPU SLI is now supported in the form of new Performance Dashboard signals,
and theDependencies viewn the Frame DebuggeQuad SLI is not currently supported.

Unified Driveron Windows Vista

For Windows Vista driver releases after Rev 173, a special instrumentedigivelonger
required. This should be a welcome advance to all Vista developers, espeousy uking
laptop displaysXP Users will still need to use the instrumented driver provided with NVIDIA
PerfKit.

New Performance Dashboarffeatures

Signals
PerfHUD 6 addeseralnew signalghat you can graph on thBerformanceDashboard:

API Calls pdpraw Call/Frame

State changeper Draw Call/Frame
Unique Shaders / Frame

Shader Changes per Draw Call/Frame

Unique Extures/\ertex Buffers| ndexBuffersConstant Buffers per iaw
CallFrame

Redundant state changes per Draw (Failme

Locks (total and IB/VB/Texture/Constant Buffer) peaw CalFrame
Texture/VB/IB/Constant Buffer changes [wmaw CalFrame
Constant updates pddraw CalFrame

ClearCount per Frame

SLI Graphs

The Performance Dashboard now supports new SLI graphs, altdehyou to view signal
values across multiple GPUs. You can view the signals individually, or choose from a variety of
methods to combine the values, including average, sum, minimum, and maximum.

To create an SLI graph, righlick on an empty area in the Performance Dashboard,
YR GKSYy OK224S a/NBIFGS bS¢é {[L DNILKE
PerfHUD will automatically detect if you are running on an SLI configuration and will
only show Sldraphs if multiple GPUs are present and enabled.
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Save and Load Graph Layouts

You can now save and load multiple Performance Dashboard graph layouts. See the
Performance Dashboard Customizat&mttion of this docment for more information.

New Frame Debugger Features

Textureand Sampler State Editing

You can now replace textures on a ftexture with a variety of useful debug textures, including
2x2 textures, and mipmap visualization textures. See documentatidghe@@ NI YS 5 S0 dzZ23SNX a
Texture Viewfor more information.

Sampler state can also be overridden in Vertex, Geometry, and Shader InspectorEranige
5 S 6 dz3 3 S N BhadeRBpegtddsS R

TextureVisualization

Textures can now be visualized in a full screen m&@= theCNJ YS 5So0dz33sdna ¢
for more information.

w
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[akN
o
N
=

API Call List

PerfHUD 6 adds an interactive list of API Calls to the Frame DebEggenre information,
pleaseseeth€ NI YS 5So6dA3SNRa !'tL /Ftf [Aad

Dependency View

PerfHUD 6 can now graphically show you dependencies between different draw calls.
Dependencies have performance impacts on both single GPULAsg<s$ems. Please see the
CNJ YS 556 dz33S ND dor o iddyh&idny O +ASg

ImprovedD3D Perf Event View

Direct3D Performance Evertan be used tindicate specific key points in your frame, as well
as specificlodaA 2y a GKSNB &2dzQff ¢l yid (G2 R2 RSo0dA3IAYy3 21

PerfHUD can now generate break on a esgecified Perf Event, so you can break into your
debugge only when a Perf Event is hit, or disable your state overrides for particular stretches of
API calls.

Please see the documentatiam theCNJ Y S 5 S 6 dz3 3 Sidldiod more hfvimationd S y

New Frame Profiler Graphs

New in the Frame Profiler ike CPU and GPU Timings Grapbée documentation on thiérame
Profilerfor more information.
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New Hotkeys

PerfHUDG sportsmanynew hotkeys both to support dedicated keyboard useesd to access
some of PerfHUQ & Y fdtBes. (i

Global Hotkeys

F1:Show help

F2:Hide/show PerfHUD Ul
FaALyadlyd CSSRol O x
F5:Switch to Performance Dashboard
F6:Switch to Debug Console

F7:Switch to Frame Debugger

F8:Switch to Frame Profiler

F9:Toggle edited shaders

F10:Toggle edited renderstates
F11:Capture screenshot
Shift+F11Capture screenshot (without HUD)

Performance Dashboatdotkeys

Severahew hotkeys for reatime experimentsand foradjusting FPS computati@re now
available.

CommonFrame Debugger/Proél Hotkeys
These hotkeys work in both the Frame Debugger and Frame Profiler.

Alt + S(Direct3D 10 only) Captusnd savdrame data to disk
Ctrl+ A: Toggle Advanced ode.

Ctrl + HToggle Highlight current draw call

Right/Up-arrow: Increment draw call by one
Left/Down-arrow: Decrement draw call by one
Home:Jump to draw call O

End:Jump to last draw call

PageDownJump back by 10 draw calt4@)

PageUpJump ahead by 10 draw ca(isl0)

Advanced~rame Debuggdfotkeys

All context menus support keyboard controls. Use tipgdown arrow keysto move the
selection up and dowrknterto execute the currently selected option, aB@capeo close the
menu. Some menus also have hotkeys.

Texture View
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Ctrl + Up/Down:Select the pevious/next texture on this draw call.

Ctrl + Plus/Minusincrease/Decrease the size of the selected texture.

Ctrl + Shift + Up/DownSelect the previous/next render target.

Ctrl + Shift + Plus/Minudncrease/Decrease the size of the selected renderetarg

Alt + T/R:Bring up the context menu of the currently selected texture or render
target respectively.

Context Menu Hotkeys:
'O’ for original texture
'2' for 2x2 texture
'B' for black texture
‘W' for white texture
'M' for color mipmap texture.

Advancednspectors
Ctrl + Tab/Ctrl + Shift + TaRycle to the next/previous advanced inspector.
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Chapter 2. Performance Dashboard

The Performance Dashboard allows you to monitor and tweak your application while it runs in
reaktime. You camraph GPU and driver signaisd performance counters, as well as tweaking
your application withreaktime experiments

Note:  Use the Unit Utilization Graph instead of the manualeskpents if you are using a
GeForce 6 Series or later GPU.

wire (] Depth [}
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Debug Console ____Frame Debugger Frame Profiler |

Crysis used with permission from Crytek. © Crytek GmbH. All Rights Reserved. Crysis and CryENGINE are trademarlis or registere
trademarks of Crytek GmbH in the U.S and/or other countries.

Thelnfo Strip

Generalperformance metrics are displayém a status bar across the top of the scre@ngether
these numbers provide a measure of how quickly your application is accomplishing its workload.

Shaders Used [Mod] RS Us AN lgnore DC[] wire [] Depth[ ]
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The number of frames used to compute the frame rsit®wn is, by default, 20. You can adjust
this number using the following keys:

[: reduce number of frames to average for FPS computation
]: increase number of frames to average for FPS computation

Time Control

Notice the speed control icon in the uppefticorner of the screen, just below the Info Strip.
This control allows you to determine the playback speed of your applic&iomntrolling the

time for your application can be very useful when you are zeroing in on a specific frame. Use
the following leyboard shortcuts to slow down or speed up your application:

NumPad + Increase speed
NumPad- Decrease speed
NumPad Enter Pause / Continue

Note: PerfHUDX FNB ST S&aé¢ &2dzNJ | LILX AOIF GA2Y o0& NBOdzNYyAYy3I |
application asks for the curretime. This simulates an infinitely fast rendering loop, so
the same workload is submitted for each frame.

Note:  If your application has implemented a frame rate limiter, you may need to disable this
functionality to use the time control, debugging and profiling featureBeffHUD
Please see the FAg@ctionfor more information.

Realtime Experiments

Realtime experiments offer a quick and easy way to quickly gather information about where

@2dzNJ | LILIX AOIF GA2y Qa LISNF2NXYIFyOS AdadsS fASad 2A0GK
your application, or make your application ignore all draw calls. By monitthinfyfame rate

differences during thesexperiments, you can get more insight into the bottlenecks.

Note: OnGeForce 6 and lat&sPUs, thé&rame Profilepffers more automatedand accurate
performanceinformationon a perdraw cdl basis

The following experiments are available in PerfHUD 6:

Ctrl + T : Isolate the texture unit
Force the GPU to usé 2 textures,andif the frame rate increases dramatically your
application performance is limited by texture bandwidth.

Ctrl + vV : Isolate the vertex unit

Use a 11 scissor rectangle to clip all rasterization and shading work in pipeline
stages after the vertex unit. This approach approximates truncating the graphics
pipeline after the vertex unit and can be used to measure whether gpplication
performance is limited by vertex transforms, CPU workload and/or bus transactions.

11

DA-01231-001_v09
November 2008



Note:

NVIDIA PerfHUD User Guide

Ctrl + N : Eliminate the GPU

This feature approximates having an infinitely fast GPU by ignoring all
DrawPrimitive() and DrawlndexedPrimitives() calls. Thiscxopates the frame
rate your application would achieve if the entire graphics pipeline had no
performance cost. Note that CPU overhead incurred by state changes is also
omitted.

Ctrl + M : Eliminate geometry

This featurereduces the geometry in every drasall to a single triangl&his
reduces the amount of geometry processing your GPU is doing.

Ctrl + D: Show Depth Complexity

Shows the amount of overdraw in your scene. The more overdraw you have, the
more work your GPU is doing that results in no viguarovement to the scene.

Ctrl + W Toggle Wireframe View

Shows your entire scene in wireframe with no shading.
Ctrl + 1: Color fixed function pixels with Red

Ctrl + 2: Color ps_1_1 in light green

Ctrl + 3: Color ps_1 3in green

Ctrl + 4: Color ps_1 4 irejfow

Ctrl + 5: Color ps_2_0in light blue

Ctrl + 6: Color ps_2_a in blue

Ctrl + 7: Color ps_3 _0in orange

Ctrl + 8: Colorps_4 0Oinred

Using theCtrl + 1.9 shortcutsboth disables the specified shader type as well as coloring
those pixels in the speddi color. You can use this to both visualize how and where
shaders of that version are used, as well as estimating the performance impact of each
shader version in your application.

Shader visualization only works whaDirect3D device is creates aNON PURE
device You can force the device to be created in NON Ri¢RiEemode in the
PerfHUDconfiguration settings.

Customizing your Graphs and Layouts

Graphsand graph layoutsam be cistomized in a variety of ways. You can move the graphs,
customizetheir content and display properties, and, new in PerfHUD 6, save your own custom

layouts.

Hovering your mouse over a graph will cause several buttons to appear, which you can use to
delete, resize, and configurthe graph.

12
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Configure the Graph

D -

Resize

You can alsmovea graph byeft-clickng anywhere on the graph anthen draggingthe graph

to the desired location.

Rightclickinganywhere in the Performance will bring up a context
menu, which you can use tidd new gaphsor manage your
layouts.

New GPU/Driver GraphEach graph of this type can be
configured to display up to 4 sigls from the GPU or
driver, by clicking the blue button in the upper left of the
graph.

Mewy GPLDiver Graph

Mewy Batch =ize Graph

Meswy Unified Shader Graph
Mesww Memory Reguest Graph
Mesy Ohject Creation LED

Graphs Locked

Remowve Al Graphs

Default Layout
Restore Layout =
Save Layout...
Delete Layout =

New Batch Size Grapfhis graph displays a higiam of the number of primitives
per draw call. In general, an application should draw fewer, larger bat¥toescan

configure this graph to change the scale and

400 2400 4400 400 g400 10400 200 IEI-I-
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New Unified Shader GraptCreate a graph showirnrglativeusage of the unified
shader unitbetween vertex, geometry, and pixel shadd€fSeForce 8 and later)

New Memory Request GrapiThis graph shows the breakdown between AGP and
on-board video memory.

New Object Creation LEDhe Object Creation LED bkn&ach time an object is
created.Dynamic creation of resources in Direct3D is generally bad for performance
and should be avoided whenever possible.

The types of resource creation events
monitored are:

2T 2D textures created using CreateTexture()

VT Vodume textures created using CreateVolumeTexture()

CT Cubemap textures created using CreateCubeTexture()

VS Vertex shader created

GS Geometry Shader created.

PS Pixel shadecreated

BU Buffer created

IB Index buffers created usingreatelndexBuffer()

RT Render targets created using CreateRenderTarget()

DSSDepth stencil surfaces created using CreateDepthStencilSurface()
MSCl y& 202S0O0 ONBIFGA2Y GKIG R2SayQid FAl
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