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Performance Tools Agenda

® GPU architecture at a glance

® Intel VTune: Code Profiling

® NVGLExpert: OpenGL API Assistance

® NVShaderPerf: Shader Performance

® NVPerfKit: Driver and GPU Performance Data
® NVPerfHUD: Interactive Performance Analysis



GPU architecture at a glance <A

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

® Bottleneck identification and elimination
® Balancing the pipeline



GPU Pipelined Architecture simpiified view) @




Bottleneck Identification <X

® Modify the stage itself ﬁ

® By decreasing its workload
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® If performance/FPS improves greatly, then you know this is
the bottleneck

® Careful not to change the workload of other stages!




Bottleneck ldentification

® Rule out the other stages
® By giving all of them little or no work

H - ..

® If performance doesn’t change significantly, then you know
this is the bottleneck

® Careful not to change the workload of this stage!




Bottleneck Identification <X

® Sample counters at different points along the ﬁ
pipeline
® Use NVPerfKit and NVPerfHUD

® How much work performed by each unit, compare to the
maximum work possible



VTune <A

Welcome Gary Carleton from Intel Corporation



NVGLEXpert

® What is it and what does it do?
® Project status?



What is it and what does it do? <X
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Helps eliminate performance issues on the CPU

Instrumented OpenGL driver
® Outputs information to file, console or debugger
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Different groups and levels of information detail

Controlled by small GUI tool
® Windows tool sets appropriate registry entries

Linux tool sets environment variables

What it can do (today)
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Prints GL errors when the are raised

Indicates if the driver runs through a software fallback
Shows unexpected shader compile errors

Shows where your VBOs reside

Print reasons for GL_ FRAMEBUFFER_UNSUPPORTED_ EXT

Feature list will grow with future drivers



Project Status <A
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® Currently supports NV3x and NV4x architectures
® What types of things are interesting?

NVGLEXxpert@nvidia.com
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NVShaderPerf
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® What’s coming with version 2.0?



v2f BumpReflectVS(a2v IN,

/777

floa

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

NVShaderPerf

// 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;

Inputs:

*HLSL

«GLSL (fragments)
lIFP1.0

«I1TARBfp1.0
*PS1.X,PS2.X,PS3.X
*\/S1.X,VS2.X, VS3.X
ng

// then use the transf
// used to fetch the d
// (we multiply by 2 c
float3 eyevec = float3
float3 worldNorm;

e
1S eye position

ormal .z));

on _vector

in world space

ey, \N\/ShaderPerf

worldNorm.y = dot(IN.T
worldNorm.z = dot(IN.T]|
float3 lookup = refled
return texCUBE(Enviro

GPU Arch:

eGefForce 7800 GTX
eGeForce 6X00, FX series
eQuadro FX series

>

cv CAWINDOWSA\system32vemd. exe

dpd rB.x, r1,. ¢l

reg rA.w, rA.x

nrm rBA.xyz,. ti

mad »1.xy=z, vi, r*A.w, rA
nrm r2.xyz, rl

nrm rl.xy=z, t2

dp3 r2.x, »2,. rl

max rl.w, r2.x. c9.x

pow rB_w, »1l.w, cbh.x

add r1l.w, pB.w,. —c7.x
mou r»2.uw, ch.x

add r2.u, r2.w, c7.x
recp r2.w, 2w

mul_zat »2.w, rpl.uw, »r2_u
mad r1.w, *2.w, c?.y, cP.2
mul »2_ w, 2w, rZ.u

mul rl.w, pl.w,. p2.w

mou »2.x, cF.u

add r2.u, r2.x, —cB.x
mad »1.w, »1.w, »*2.uw, c8.x
dp3 vB.x, r8,. i1

mul rB.w, rA.w, 1rl.w

Outputs:

<Resulting assembly code
# of cycles

# of temporary registers
<Pixel throughput

eTest all fp16 and all fp32

ooy pocr o o eIy ooy r o= ...
Cycles: 21._08 :=: R Regs Used: 3 :=: R Regs Max Index (B haser
Pixel throughput <assuming 1 cycle texture lookup? 384.76 HMI

C:\TemE\NUShaderPerf_£1_7?> |




NVShaderPerf: In your pipeline <X

® Test current performance
® against shader cycle budgets
® test optimization opportunities

® Automated regression analysis
® Integrated in FX Composer 1.7



*Disassembly

Target GPU

Driver version match
‘Number of Cycles
‘Number of Registers

*Pixel Throughput

*Forces all fp16 and all fp32

Compiler: wa1,77

: lookup) 15,69 MP)s

~ GeFarce 6800 LN -

F

o, - ]
-def c10, 0, O ShTe
<
F'r'n:aner't

egs Max
cbure lookup

(gives performance bounds) [G&&

£

F'r'n:anertiEe:: (" Shader Perf



NVShaderPerf 1.8 <A

® Support for GeForce 7800 GTX and Quadro FX 4500
® Unified Compiler from ForceWare 77.72 driver

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



NVShaderPerf 1.8

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

float3 objCoord = objFlatCoord;

float3 objBumpNormal = normalize( f3tex2D( g_eyeNermel, v2f.UVtex0 ) * 2.0 E t él, SjH)
objBumpNormal = 0.350000 * objBumpNormal + ( 1 - 0.350000 ) * objFlatNormaL, V ader frOm LU na.
half3 diffuseCol = h3tex2D( g_irisWhiteMap, v2f.UVtex0 );

float specExp =200, Maximum branch takes 674 cycles
half3 specularCol = h3tex2D( g_eyeSpecMap, v2f.UVtex0 ) * g_specAmount; e
Minimum branch takes 193 cycles.

float tea;

float3 centerToSurfaceVec = objFlatNormal; // = normalize( v2f.objCoord )
float firstDot = centerToSurfaceVec.y; // = dot( cefias= E'C‘t =
if( firstDot > 0.805000 ) e LA

/I'We hit the iris. Do the math. sstmp it isswsdevre 1Insdkstoo 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 on file Cornea2._ txt
NU4G6

Il refract the ray before intersecting with the irisfl arget : GeForce 6888 Ultra (NU4B> :: Unified Compiler: »77.72
ray_dir = refract(ray_dir, objFlatNormal, g_refr _UC].ES: b74.25 :: R REQS Used: 12 i REQS Max Index <@ bhased: 11
i n = ixel throughput <assuming 1 cycle texture lookup? ?.58 MP.r=

/l first, see if the refracted ray would leave the e z z
float t_eyeballSurface = Spherelntersect( 16.0, r snEmp Xt s sswsdevre 1hasdkstoolssbinsre 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 ) NU4G

bt 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

® Vertex throughput

® GLSL vertex program

® Multiple driver versions from one NVShaderPerf
® What else do you need?

NVShaderPerf@nvidia.com



mailto:NVShaderPerf@nvidia.com

NVPerfKit

® What is NVPerfKit?
® Associated Tools
® NVPerfKit 2.0



NVPerfKit: The Solution! <X

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



What i1s NVPerfKit?

® Driver and GPU performance counters
® Performance Data Helper (PDH)
® Microsoft PIX for Windows

® NVPerfHUD functionality inside any application
® Application triggered sampling
® OpenGL and Direct3D



NVPeerlt What it looks like... <X
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What is in the NVPerfKit package? <X

® Instrumented Driver
® Exposes GPU and Driver Performance Counters
® Supports OpenGL and Direct3D
® Supports SLI Counters

.
Plug and Play Monitor, and NVIDIA Quadro FX 4000 P... [2](X]

® Tools el
® NVDevCPL <
: 5 - #VIDIA.

® PIX Plugin

® NVAppAuth
® SDK

® Sample Code

® Helper Classes

® Docs




OpenGL Signals

Counter Description Official Name
FPS OGL FPS
Frame Time (1/FPS) OGL frame time mSec

Driver Sleep Time (driver waits for | OGL frame mSec Sleeping
GPU)




Direct3D Signals

Counter Description

Official Name

FPS

D3D frame FPS

Frame Time (1/FPS)

D3D frame time mSec

AGP Memory Used

D3D frame agpmem MB

Video Memory Used

D3D frame vidmem MB

Driver Time

D3D frame mSec in driver

Driver Sleep Time (driver waits for GPU)

D3D frame mSec Sleeping

Triangle Count

D3D frame tris

Batch Count

D3D frame num batches

Locked Render Targets Count

D3D Locked Render Targets




GPU Signals

Vertex Setup

Vertex Shader

Rasterizer

Texture

Pixel Shader

Supported GPUs

Quadro FX 4500

GeForce 7800 GTX

GeForce 6800 Ultra & GT IRy

GelForce 6600

gpu_idle
vertex_ attribute _count

>

vertex_shader_busy

culled_primitive_count
primitive_count
triangle_count
vertex_count

fast_z count
shaded pixel count

shader_ waits_for_texture

pixel _shader _busy

shader_waits_for_rop




NVPeerlt Demo: Pixel Shader Bound <=4
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NVPerfKit Demo: Texture Bound <X
m
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What is PDH? What is Perfmon? <X

® PDH: Performance Data Helper for Windows

® Win32 API for exposing performance data to user
applications

® Standardized interface with many providers and clients

® Perfmon: (aka Microsoft Management Console)
® Win32 PDH client application
® Low frequency sampling (1X/s)

® Displays PDH based counter values:

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

® NVIDIA: all of the signals exported by NVPerfKit



Assoclated Tools: Perfmon

i

[# Performance

g}i File  Acktion Yew Favorites Window  Help
2

] Consale Roak
;i| Syskermn Monitar
+ ﬁ Performance Logs and alerts 100

g0
ol
40
20

1]
34.968 Average 62,919 Minimum 23944 Maximum

Durakion

| Color | Scale | Counter | Instance | Parent | Object | Compuker

1.000  GPU Counter Yalue _ GPUO0  NYIDIA GPL Performance ey ]
GPU Counter Value % primitive_count FVIDIA GPU Performance  \WSDOMIME-P. ..
OGL Counker Yalue %% OGEL % driver waiking MYIDIA OpeniGl Driver WSDOMIME-P. ..
OGL Counker Yalue 9% OGL % pushbuf used MYIDIA OpeniGL Driver 3DOMIME-P. ..
OGL Counker Yalue  OGL FPS MWIDIA OpenGl Driver SDOMIME-P. ..
QGL Counter Yalue  QOGL frame mSec sleeping MVIDIA Openil Driver V1 SOOMIMNE-F. ..
OGL Counker Yalue  OGL Frame bime mSec MYIDIA OpeniGL Driver VSDOMIME-P. ..




Assoclated Tools: NVDevCPL

& ELRARS
8 NVIDIA Developer Control Panel
Available Courters Active Courters

H [ER D30 frame mSec sleeping - A
LT EEF D30 frame num batches

MVIDLA R D30 frame time mSec _
Performance (ER D30 frame tris D30 frame FPS

Honior BR D30 frame vidmem MEB D30 frame mSec in driver

EF D30 Locked Render Targets GHE |
I@ {ER 03D 5L Linear Buffer Sync Bytes [=l % GPU_Graphics
(B D30 5L Linear Buffer Syncs : apu_idle
@B D30 5L P2P Bytes shaded_pixel_count
(BRI D3D 5LI P2F transfers
(ER 03D 5L Render Tanget Sync Bytes 3
ER 03D 5L Render Tanget Syncs OGL FPS
EER D30 5L Texture Sync Bytes
D30 5L Testure Syncs

[EF shaded piel count

Counter Description

gpu_idle : Time the graphics portion of the chip is idle.

Settings

Default location for counter configuration files (.ctr) Set Falder...

][ Cancel I[ Apphy




Associated Tools: NVIDIA Plug-In for <&
Microsoft PIX for Windows

PI¥ Counters

. , All available counters Chosen counters
Triggers{fctions | Target Pragram i
My Countersets uidle.

T A X [#- Direck3D Counkers
= 9 Program Start - Performance Counters
A Set Counters: (Mone) Action Type: Jet Per =1 Plugin Counkers
—|- MVWIDIA Performance Counters
D30 frame FPS
lil
%o gpu_idle

Counkterset:

Fewer Options

Save As Counterset,.,

Description of selecked counter

D30 Last Frame mSec spent in D30 driver




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

® PIX for Windows - Run1 @@

rame 67 7. 16 4.0 4.0
6771362305 6roz502 1492 50| 53]
m 14

p=
~Fr




Helper Classes and Code Samples <X

® CPDHHelper: simplifies using PDH

INt nIndex = pdh.add(“countername™);
pdh.sample();
float fValue = pdh.value(nindex);

® CTrace: ring buffer for holding performance data
® CTraceDisplay: simple APl agnostic graphing library

® OpenGL and Direct3D sample apps
® Integration of helper classes
® Security mechanism usage



Grraphic Remedy’s gDEBugger 2.0

# INature

FPS Monitor

Trigngle count: 181328

wisible Cells: 32% * ;
Current FPS: 35 I _“—
E Alpha Reference: 0.25

Alpha Booster: 1.50
.Trans’pareac\} Al

e =

AN

Mormal

X | Dtdila
Dt
DTdila
Dtd
DTdlla

Dtdi
Dt
Dtdi

D) DL unload
DTdl

n DTl

+# Add counter. .. Dt

0 gDEBugger!




NVPerfKit 2.0 <A

® Simplified Experiments

® Targeted analysis to ease bottleneck determination
® Supplement PDH based single counters

® Multi-pass experiments where multiple GPU counters are
needed to compute results

® Exposes all of the power of NVPerfHUD 4.0 to developers
® More OpenGL and Direct3D counters
® NVPerfHUD 4.0

® Linux support



Simplified Experiments
® Usage:

NVPMAddCounter(“ps_utilization™);
NVPMAddCounter (““vs_utilization™);
NVPMAddCounter(““‘gpu_idle™);
NVPMAI locObjects(50);

iInt nNumPasses;

NVPMBeginExper iment(&nNumPasses) ;

for(int 11 = 0; 11 < nNumPasses; ++il) {
NVPMBeginPass(iil);

// Draw the frame
NVPMBeginObject(0);

// DPs associated with object O
NVPMEndObject(0);

NVPMBeginObject(1);
// DPs associated with object 1
NVPMEndObject(1);

1/ _
NVPMEndPass(ii1);
by
NVPMEndExperiment();
NVPMGetCounterValue(*ps_utilization”, 0, &fPSSol); // 0 == object 1id
NVPMGetCounterValue(*‘vs_utilization”, 0, &FVSSol);



NVPerfHUD 4.0

Raul Aguaviva



Agenda

® What is NVPerfHUD?
® How does it work?
® Demo

® Schedule



What is NVPerfHUD? <X

® Stands for: PERFormance Heads Up Display

® Overlays graphs and dialogs on top of your
application

® Interactive HUD



What i1s NVPerfHUD?

® 4 different types of HUD
® Performance Dashboard
® Debug Console

® Frame Debugger
® Frame Profiler (New in 4.0)




How to use it

® Run your application with NVPerfHUD

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



Performance Dashboard

FFS: G52.3 TRIs-Frame: 339400 Time: 28.7 secs
Speed: » 1.000
Fres= Fl for help

HVPerfHUD wversion: 4.0.321.1500

HVIDIA driver wersion: 6.14 .10 7772

App name: C:>Program Files“Futuremark-3DHark(3 exe
® Handshake with application CE.

m WARNIHNG: Forcing HOH PUEREE device

= Directi *RETAIL* runtime detected.

= ;. HVPMAFI found, enabling extended functionality.

Tex VolTex CubTex VE IE RT

Humber of DP calls: 184

P N e

m M= per frame Driver time CPU waits for GPO = GPU idle Vid Hem

mFE — Performance Dashboardem F6 — Debug Console F? — Frame Debugger F8 — Frame Frofiler




Performance Dashboard

52 .3 TEREIs /Frame: 339400 Time: 28.7 =zecs
p 1.000

Fres= Fl for help

HVPerfHUD wversion: 4.0.321.1500

HVIDIA driver wersion: 6.14 .10 7772

App name: C:>Program Files“Futuremark-3DHark(3 exe
® Handshake with application CE.

m WARNIHNG: Forcing HOH PUEREE device

= Directi *RETAIL* runtime detected.

= ;. HVPMAFI found, enabling extended functionality.

Tex VolTex CubTex VE IE RT

P N e

m M= per frame Driver time CPU waits for GPO = GPU idle Vid Hem

=ro — reriormance vasnpoaras= ro — UEDUY On=0le s — rrame Uebugysr ra — rrame Ljrl:lfller




Performance Dashboard

FFS: G52.3 TRIs-Frame: 339400 Time: 28.7 secs
Speed: » 1.000
Fres= Fl for help

HVPerfHUD wversion: 4.0.321.1500

HVIDIA driver wersion: 6.14 .10 7772

App name: C:>Program Files“Futuremark-3DHark(3 exe
® Handshake with application CE.

m WARNIHNG: Forcing HOH PUEREE device

= Directi *RETAIL* runtime detected.

= ;. HVPMAFI found, enabling extended functionality.

Humber of DP calls: 184

P N e

m M= per frame Driver time CPU waits for GPO = GPU idle Vid Hem

mFE — Performance Dashboardem F6 — Debug Console F? — Frame Debugger F8 — Frame Frofiler




Performance Dashboard

52 .3 TEREIs /Frame: 339400 Time: 28.7 =zecs
p 1.000

Fres= Fl for help

HVPerfHUD wversion: 4.0.321.1500

HVIDIA driver wersion: 6.14 .10 7772

App name: C:>Program Files“Futuremark-3DHark(3 exe
® Handshake with application CE.

m WARNIHNG: Forcing HOH PUEREE device

= Directi *RETAIL* runtime detected.

= ;. HVPMAFI found, enabling extended functionality.

T2oon | g!DD L] T 3500 4000 T 4500

P N e

m M= per frame Driver time CPU waits for GPO = GPU idle Vid Hem

mFE — Performance Dashboardem F6 — Debug Console F? — Frame Debugger F8 — Frame Frofiler




Performance Dashboard

FFS: G52.3 TRIs-Frame: 339400 Time: 28.7 secs
Speed: » 1.000
Fres= Fl for help

HVPerfHUD wversion: 4.0.321.1500

HVIDIA driver wersion: 6.14 .10 7772

App name: C:>Program Files“Futuremark-3DHark(3 exe
® Handshake with application CE.

m WARNIHNG: Forcing HOH PUEREE device

= Directi *RETAIL* runtime detected.

= ;. HVPMAFI found, enabling extended functionality.

Tex VolTex CubTex VE IE RT

Humber of DP calls: 184

P N e

m M= per frame Driver time CPU waits for GPO = GPU idle Vid Hem

mFE — Performance Dashboardem F6 — Debug Console F? — Frame Debugger F8 — Frame rroriier




Performance Dashboard

52 .3 TEREIs /Frame: 339400 Time: 28.7 =zecs
p 1.000

Fres= Fl for help

HVPerfHUD wversion: 4.0.321.1500

HVIDIA driver wersion: 6.14 .10 7772

App name: C:>Program Files“Futuremark-3DHark(3 exe
® Handshake with application CE.

m WARNIHNG: Forcing HOH PUEREE device

= Directi *RETAIL* runtime detected.

= ;. HVPMAFI found, enabling extended functionality.

Tex VolTex CubTex VE IE

Humber of DP calls: 184

P N e

m M= per frame Driver time CPU waits for GPO = GPU idle Vid Hem

mFE — Performance Dashboardem F6 — Debug Console F? — Frame Debugger F8 — Frame Frofiler




Performance Dashboard

Tex VolTex CubTex VB IB ET D55

-

® Resources monitored
Textures

Volume Textures

Cube textures

Vertex Buffers

Index buffers

Stencil and depth surfaces

se®®®®



Performance Dashboard

= Inl=srClc B! . . NMyCerinoul 4. 0.0l . 1lauu — YL CWR Dnu\_,nmé-lg\r

A=l
p 1.000
Fres= Fl for | :=lp

‘Co.
speed

HyvFPertHul wversion: 4.0.321.1500 i

HVIDIA driver wersion: 6.14 .10 7772

App name: C:>Program Files“Futuremark-3DHark(3 exe
® Handshake with application CE.

m WARNIHNG: Forcing HOH PUEREE device

= Directi *RETAIL* runtime detected.

= ;. HVPMAFI found, enabling extended functionality.

Tex VolTex CubTex VE IE RT

Humber of DP calls: 184

P N e

m M= per frame Driver time CPU waits for GPO = GPU idle Vid Hem

mFE — Performance Dashboardem F6 — Debug Console F? — Frame Debugger F8 — Frame Frofiler




Performance Dashboard

® Speed control

CO. =2&c.a 1noi=-pframe: 339400 Time: 287
l%peed: » 1. 000
Drzzz Tl Lz help

HVPertHUD wver=zion: 4.0.321.1500
HVIDIA driver wer=sion: b.14 10 7772
App name: C:~Program PFiles“Futuremark




The simplified graphics pipeline

A

'. 12

b

H—fﬂ_‘”ﬂi

i

M“*‘:m—wwﬂ

= A

s

Vertex

Assembly

VS = PS5

Vertex Shader

Pixel Shader

Raster OPerations




Performance Dashboard Demo <X

® Install
® Configure
® Drag & Drop



Debug Console

Clear Log Each Frame
Slop Logging

Fade Consale

Time:

FE — Performance Dashboard =wF6 — Debug Consolew F? — Frame Debugger F8 — Frame Frofiler




Frame Debugger

70.6 TRI=<Frame: 10.4 sec= [0OH]

—
P dimer BTy 39780 arndnge s
Dy LriclasrgdlBied (i Tia (D3HPT TR TAHCGLET LT,
BT 20015 520 BRE 020015 5 20

ﬁ fm “Diezmi Call 37/69

3
=




Frame Debugger, advanced view <

VR FXelShecer R QD Vertzx hssenbly Vertex Shacer Pixel Shader Raster Operalions:

iretrame Inclex [ Vettex Bufer Vertex Shader Textures (+1 1o zoom)

Vertex Shader Constarts

an Constarts:

SepBack  SipForverd W e T C— e

TRIscErans:  G8410  lins: 15.2 secs

Vertex fesehy Vertex Shader REQED Verzx Rocenby Verlex Shader Pixel Shader Rester Operalions.

Pivel Shader Textures (+1 1o zoom) Render Targets and Render Stales
ampler: <0
Tyne: TEXTURE

ags POINT Mirs PORT

Samper: s1
Tyne: TEXTURE
4

gy POINT Mirs POT

ampl
Type: RTITEX
1026

& POINT Min: POINT MIP:

Pivel Shader Constants

V

iy
7

//

e StenBack  StenForward e, v e

Step Back Step Forward




Frame Profiler

® Measures performance counters
® strategy



Frame Profiler, measuring

® NVPerfHUD uses NVPerfKit
® uses ~40 Performance Counters (PC’s)

® Can not read all of them at the same time

® Need to render THE SAME FRAME until all
the PC’s are read



Frame Profiler, strategy

® Optimization Strategy:
® Group by state is roughly grouping by bottleneck
® These groups are called “state buckets”

® Procedure
® Group draw calls by rendering state into state buckets

® |dentify the bottleneck of the most expensive state bucket
® Solved by NVPerfHUD

® Cure the bottleneck with a common corrective action



Frame Profiler Demo, measuring

2.7 TRIs/Frame: 88410 Time: 14.6 secs NVPerfHUD 4.0.321.1500 — HOT FOR BENCHMAREING




Frame Profiler Demo

FPS: 60.3 TRIs Frame: 88410 Time: 28.1 secs NVPerfHUD 4.0.321.1500 — HOT FOR BENCHMAREING

State buckets defined by

b 4 Pixel Shader b 4 “ertex Shaderp § ROP

State buckets:

0][Draw Calls 32][Iuration
1ration

£d

10£ di

0][RT

Drawy callz sorted by:

32 - [type i 6][time 0%][Err 351937 [ 1D 1][PV = Ox03zZhdfal,
J[Exr .
J[Err
J[Err
1[Exr
J[Err
J[Exr
1[Exr

[= =N —

oo

Total Time

“ertex Aszembly

“ertex Shader

Pixel Shader

Raszter Operations

- 4 A %
Step Back Steg Farwsrd m“"—“’ v Aadvanced. - Rl
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Frame Profiler Demo

FPS: 64.1 TRIs/Frame: 88410 Time: 24.5 =secs NVPerfHUD 4.0.321.1500 — HOT FOR BENCHMAREING

State buckets defined by

b Pixel Shader B “ertex Shader b ROP

State buckets:

0][Draw Calls 32][Duration 213][pixels 1067552][F3 0x00000000,
iration 2058][p 1065038][P fan,

£d

10£ di

0][RT

Drawy calls sorted by ICHEGREN

32 [type O][time E][time O
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0][time 0%][Err

0][time ] 1%][Err
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0][cime J[Err
0][time J[Err
0][time J1[Err

0%][Err

==

Ho legend

Step Back Step Forvward -_ ; F Advanced. - el e
y " : 'y

FE — Performance Dashboard F& — Debug Console F?7 — Frame Debugger wF8 — Frame Profilerms




Frame Profiler Demo, advanced view <2

£9.1 TRIs-Frame: 88410 Time: 39.8 =secs
0 - [type O[Buckets 32)[time  219)[pixels 1067830]
14][type O]ftime  20][Err
Wertex Shader Pixel Shader Raster Operations

Wireframe Index £ vertex Buffer
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=]

4
alll
b

!

Step Back Step Farvard " ; 4 - Hiclewl
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About freezing the application <X

® Only possible if the application uses time-based
animation

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

® Pos +=V * DeltaTime



Schedule

® Beta: August
® Release : September
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NYPerfHUD 3
Quick Links

+ Introductory Yideo
+ Downloads
+ GameDev.net Review

overview

Modern GPUs generate images through a pipelined sequence of operations. A
pipeline runs only as fast as its slowest stage, so tuning graphical - ¥
optimal performance requires a pipeline-based approach to pe”
MNYPerfHUD analyzes your graphics pipeline performance
statistics you can use to diagnose performagce b-
applicatian,

The latest release includes several |

+ Frame Analysis Mode
Freeze your application and siny
happening inside the GPU at eac
Yertex Shader, Pizel Shader & Re

ur graphics pipeline ¢
perations. w

+ Debug Console Mode
This mode shows wou Directx Debug Buafir

I

"‘g‘s

ee what is
Index Unit,

nd custom messages from your

Developer Reviews

MvwPerfHUD has way rmore features
than I expected! Blew me awayl!
- Ramp Savilla
Graphics Frograrnmay
Ralic Entartainmant, Inc.

[Frame Analysiz Mode] is by far
the rmost impressive mode of
NWPeHfHUD, ... A few raoments in
thiz riode daes maore to show how
advanced graphic pipelines wark
than anything elze I have sean. ..
NWPeHfHUD shaould be of interest
to anybody who develops software
that ernploys Directd graphics.,
Even if you don't have an MVIDIA
card it's worth the price of a
GeForce 6600 or 62300 to get this
tool

- Bryan Mau

GameDev.nelt Review

NYPerdHUD 2 - it's simply
amazing. I use it wirkually every
day.
- Chris Ming, Fresident
Tol, Inc.

WYPerfHUD is a great tool for
debugging and performance
analysis,

- Richard Schubert

Legal Info . X
application. Graphics/Effects Frogrammer
Yager Developreant GmbH
+ Performanceg . . . . I just wanted to drop a note to
The powerful analysis experiments from the previous release are still thank you for the hard work on
available in Pe the MWPerfHUD, This new version
is incredibly useful, Mot a day
- goes by that I don't appreciate
The opt-in mechanis code alterations are necessary if you have already enabled o fjh;;ﬁ?r;tw“irﬂ;’:@':Ezh as this,
MYPearfHUD 2.0 in yo - - Matt Shaw
2 Directar of Technoelogy
Be sure to check out the Getting Started instructions in the NYPerfHUD User Guide, and read through the Mythic Entertainment
methodology for effectively identifying and crushing performance bottlenecks in your application. we've also
created a Quick Reference Card with tips and shortcuts that you can keep at your fingertips, Both these
documents are available in English, Japanese, Chinese, and Korean,
Quick Rafsrance
See our "WYIDIA Performance Analysis Tools” talk from GDC 2005 for more information on how to
analyze your applications using MWYPerfHUD. In addition, our “Practical Performance Analysis and Tuning” talk from GDC
2004 explains the theory of pipeline analysis and bottleneck remaval,
Downloads
Dane M [er | adbiock
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Questions? <A

® Developer tools DVDs available at our booth
® Online: http://developer.nvidia.com

NVGLEXxpert@nvidia.com
NVShaderPerf@nvidia.com
NVPerfKIT@nvidia.com
NVPerfHUD@nNnvidia.com
FXComposer@nvidia.com



http://developer.nvidia.com/
mailto:NVGLExpert@nvidia.com
mailto:NVShaderPerf@nvidia.com
mailto:NVPerfKIT@nvidia.com
mailto:NVPerfHUD@nvidia.com
mailto:FXComposer@nvidia.com
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GPU Programmmg

developer.nvidia.com

Latest News

Developer Events Calendar
Technical Documentation
Conference Presentations

* GPU Programming Guide

* Powerful Tools, SDKs and more ...

e = =

Join our FREE registered developer program for early
access to NVIDIA drivers, cuttmg edge tﬂ@line

support forums, an
- -
ﬁZ ‘ 7 developer.nvidia.com
/f 4 I D I A 52004 NVIDIA Corporation. NVIDIA, and the NVIDIA logo are trademarks and/or registered trademarks of
i NVIDIA Enrpomtion_ Nalu is 2004 MVIDIA Corporation. All rights reservad,
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NVIDIA SDK

The Source for GPU Programming

= Hundreds of code samples and effects that help
& You take advantage of the latest in graphics
technology.

® Tons of updated and all-new DirectX and OpenGL code samples with
full source code and helpful whitepapers:

Transparency AA, GPU Cloth, Geometry Instancing, Rainbow Fogbow,
2xFP16 HRD, Perspective Shadow Maps, Texture Atlas Utility, ...

® Hundreds of effects, complete with
custom geometry, animation and more:
Shadows, PCSS, Skin, Plastics, Flame/Fire, Glow,
Image Filters, HLSL Debugging Techniques,

Texture BRDFs, Texture Displacements,
HDR Tonemapping, and even a simple Ray Tracer!




GPU Gems 2 GPUGemsa

Programming Techniques for High-Performance st

Graphics and General-Purpose Computation | z'
S
880 full-color pages 3 B
330 figures /"‘
Hard cover :

$59_99 ".;'E I':rtl'l'l:'d by I'Ir'1 afnrr::f F:'lr::_l.'
AL A 'y Ra=dfip Fermunda, Serie Fd
Experts from universities and industry

cecoo0c¢C

Graphics Programming GPGPU Programming

2
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770 AL A

@ Geometric Complexity @ General Purpose Computation on
@ Shading, Lighting, and Shadows GPUs: A I.Dr|mer |
@ High-Quality Rendering v Image-Oriented Computing

@ Simulation and Numerical Algorithms
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