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Agenda
* Tools of Today

— NVPerfHUD 2.0

— NVShaderPerf

— FX Composer 1.1
* Tools of Tomorrow

— Instrumented Driver
— FX Composer 1.5

 Conclusion and Q&A
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Conference

« Overlay graph that
displays stats from :

— Direct3D9 API
interception layer

— Direct3D Driver

* Able to bypass and
Inject some API
calls to assist with
performance
analysis
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What's new in 2.07

3D Application

1 |

3D Application

DirectX Runtime

1 |

1 |

NVPerfHUD 2.0

DirectX Driver

1 |

NVPerfHUD 1.0

DirectX Runtime

1 |
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DirectX Driver |gtats
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NVPerfHUD - Overhead

NVPerfHUD is fairly lean but...

Overlay graph and interception only can
costs up to 1.3%

Driver instrumentation can cost up to 6%
« Upper bound for total cost: 7%

Confer
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NVPerfHUD - Demo

Demo running FutureMark’s 3DMark2003
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"
In puts n Running performance on file BumpRef lectHLSL.fx

Technigue <BumpReflectB@>, Pass <p@>
® NU35
HLSL PS Assembhly Code:
.! ! FP]_ = O gg{i‘ c1: 2.9808688. -1.08080A. B.8060000A. O.08R808
dcl
o IARBfp1.0 del

dcl_2d =8
o PS 1 X decl_cube s1
. texld »8. tdA,. =0
ma% rg.rgh,aci.r,arﬁ, cl.g
mul vB.», vA.r, cB.r
.PSZ-X mul vB.g, rB.g,. cB.r
nrm v1.rgh, r@
dpd vB.». t1, ri
dpd »A.g,. t2, ri
dp3 v8.h. t3, ri

mov ¥i. tli.a
mov w»l. t2.a

NVShaderPerf

mad vB.rgh, »8, -rB.a,. ri
texld »#, v@,. =1

mov oCH, r8

end

( iP A h . Target: GeForcePX 5988 (NU35> :: Unified Compiler: u56.63
r-(: = Cycles: 12 :: # R Registers: 2

GPU Utilization: 40.88:

[ ] NV3X C: \Temp“NUShaderPErf >
e...and more
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NVShaderPerf

Direct3D Application

) Py———— HLSL
DirectX Runtime Direct3D shader
l’. ................................ Op-COdeS

DirectX Driver

op-codes

Unified Compiler
l’. ................................ HW Blnary

HW
P T N AN

APl agnostic shader
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¢ space

OUT.Position = mul (IN.Position, WorldViewProj);
// pass texture coordinates for fetching the normal map
OUT.TexCoord.xyz = IN.TexCoord;

OUT.TexCoord.w = 1.0;

// compute the 4x4 tr ace to objclt space
float3x3 TangentToObj
// first rows are the sc

TangentToObjSpace[0] float3 IN. Tangent %, IN.Binormal.x, IN. Normal x);
TangentToObjSpace[l] = float3 (IN.Tangent.y, IN. Blnormal y, IN.Normal.y)
TangentToObjSpace[2} = float3 (IN.Tangent.z, IN.Binormal.z, IN.Normal.z);

OUT.TexCoordl.x = dot (World[O0].
OUT.TexCoordl. dot (World[1] [

OUT.TexCoordl.z = dot (World[2].xyz, TangentToObjSpace[0]

OUT.TexCoord2.x = dot (World[0].xyz, TangentToObjSpacel[l]

OUT.TexCoord2.y = dot (World[1l].xyz, TangentToObjSpacel[l]

].xyz, TangentToObjSpace[l]

] [2]

1 [2]

[2]

xyz, TangentToObjSpace[0]);
.xyz, TangentToObjSpace[0]

’
’
’
’

)
)
)
)
) i
)
)
)

OUT.TexCoord2.z = dot (World[2
OUT.TexCoord3.x = dot (World[0].xyz, TangentToObjSpace ;
OUT.TexCoord3.y = dot(World[l].xyz, TangentToObjSpace ;

N KOX N K X NK
|

OUT.TexCoord3.z = dot(World[2].xyz, TangentToObjSpace
float4d worldPos = mul (IN.Position, World);
// compute the eye vector (going from shaded point to eye) in cube space

’

float4 eyeVector = worldPos - ViewIT[3]; // view inv. transpose contains eye position in world space in last row.

OUT.TexCoordl.w = eyeVector.x;
OUT.TexCoord2.w = eyeVector.y;
OUT.TexCoord3.w = eyeVector.z;
return OUT;

//1/177771777//1// pixel shader ////////////////]/

float4 BumpReflectPS (v2f IN,
uniform sampler2D NormalMap,
uniform samplerCUBE EnvironmentMap,
uniform float BumpScale) : COLOR

// fetch the bump normal from the normal map
float3 normal = tex2D(NormalMap, IN.TexCoord.xy).xyz * 2.0 - 1.0;

normal = normalize (float3 (normal.x * BumpScale, normal.y * BumpScale, normal.z));

// transform the bump normal into cube space

// then use the transformed normal and eye vector to compute a reflection vector
// used to fetch the cube map

// (we multiply by 2 only to increase brightness)

float3 eyevec = float3 (IN.TexCoordl.w, IN.TexCoord2.w, IN.TexCoord3.w);

float3 worldNorm;

worldNo IN.TexCoordl.xyz, normal

oord2.xyz,norm

RVIDIA.
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FX Composer 1.1

 |IDE for HLSL authoring,
debugging and
optimization

* Pixel Shader scheduling

* Direct3D9 VS/PS op-code
disassembly

« Advanced texture
generation for baking
Look Up Tables

Scene Graph

- & scene.
= ™2 Roat Transform

=
See

Reaty

GucCol += texaD (GlouSampz, IN.TexCoordz) * (UTS_0/WT5_NORNALIZEA
GutCol += tex2D(GlovSamps, IN.TexCoordd) * (WTS_1/WTS_NORMALIZE
CutCol += texzD(GlowSampz, IN.TexCoordd) * [UTS_2/WTS NORNALIZE | @ .
raturn Glownesstouccol:

" ModelTex C\devieRNVS DK\ Commontmediatmodelsta.
ey
B Calor

£1 Just draun model itself difuseMatecial D neos? -
float4 PS_Nodel[VS_OUTPUT IN) : COLOR Sickisloanoipt
¢ ghide 1.00,000.1.00

tioatd Gol = IN.Diffuse * tex2D(HodelTexSamp, ?loati(IN.TexCoor Sovsce Teaturs Brighiness 1000000

recurn Calz Glow Stiengh k]
B Wt 167-039.013-013016131 0660650,
e e e Wt 1.000,000.000.001.000,000.000.00 1,00

Teuel Side or Bl 0007813

Tloesd PE_GlovPess (VE_OUTZUT IM) ¢ COLOR |
f
Tloaci e - texsdICtoutanpl, Zioacz (nr. e bl L b+ & (8] z

return texs

Frame: 0
N R N N NN NI P NIV IIINI 7 : rspe ciive
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cechnique BTTIERT
¢
pass Glowsurrer <
string rendertarger = "GlouNapiv;
float cleardepth = 1.0f;
dvord clearcolor = Ox0:

Glow_3Tap - GlowBuffer - Pixel Shader
Fisel Shader: 265,255 #Instructions: 8

&lt.g

& 2430

tekng, 10,

w10, 10,3, 10

md ), D, <.r

oy oC0, 10

end

Schedding:

This shader has 3 genersl efiiency rating of 50%
Passas; 2 Effective Passes: 2.

g of Ruegater s 2

| i |G rae O Shader Part
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FX Composer — Shader Perf

*Target GPU

Twood PS 2 0 - PO *  Pixel Shader + GeForceFy S200 (NY3 -

»
Target: GeForceFy 5200 (MY34) @ Unified Compiler: w56,58 1
Cycles: 193 # R Registers: 2

GPU Ukilization: 100.00%:

*Driver version
match

PS5 Instructions: 26

Shaderpert x|
o N u m be r Of CyC| eS Twood PS 2 0 -~ PO *  Pixel Shader = GeForceFx 5950 (NY3 -

Target; GeFarceFy 5950 (MW3E) 1 Unified Compiler: +56,.55
Cycles: 131 # R Reqisters: 2
GPU Utilization: 40,00%:

L

*‘Number of
Registers

*GPU Utilization

D= Trekviimbimme s 26
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FX Composer - Disassembly

*VVertex Shader

*Pixel Shader 1.x, 2.x

Twood_PS_Z 0 - PO -

Pixel Sshader

-

GeForceFy SE00 (MY3 -

PS Instructions: 26

ps_2_0

def 0, -0.500000, 0,200000, 0.000000, 10,000000
def c1, 0.700000, 0,300000, 0.000000, 0.000000
def cZ, 0,100000, 0,600000, 0.500000, 1.000000
dcl v0.rgh

del w1.rgh

del t1.rgb

del_wolume s0

frc rd.rgb, £l

kexld rd, 10, s0

add rd.r, rd.r, cur

add r0.q, ro.b, cl.r

mad ri.r, rd.r, c.g, E1.r

mad rd.g, r0.g, c0.q, t1.b

dpz2add rl.a, rd, r0, cO.b

rsqr2.a, rd.a

mul r0.a, r2.a, rl.a

mul ri.rgh, r0.a, c0.a

kexid v, ¥1, s0

mad r0.a, rO.r, c2.r, rl.b

frcrD.a, r0.a

mad_sat v0.a, r0.a, -c2.q, c2.b

mad rd.a, r0.a, cl.r, cl.g

mo #0.egh, w0

mad rd.rgb, rd, rd.a, 1

mov rd,a, c2.a

oy o0, r0

[

=

£
rraperties | 3 Shader Perf




« Bake your own
texture for function
look up:

— Normalization
cubemaps

— Lighting computation
— Expensive math

— Functions that can
be artist controlled...
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FX Composer - Demo

Overview of a performance tutorial

. RVIDIA.
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The Tools of Tomorrow




Instrumented Driver

» Perfect companion for Intel VTune, MSFT PIX
for Windows, Perfmon, etc...
* Allows 3D applications to monitor:
— Resource available (AGP, etc...)
— Driver counters (Spins, etc...)
— Hardware counters (bottlenecks, etc...)
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Driver Instrumentation Architecture

VTune Windows
PIX for Windows | Performance
Data Helper
Game Engine (PDH) OpenGL Driver

r
NVPMAPI.DLL -<

NVIDIA Developer / Direct3D Driver

Control Panel

. <
' ' 2 | #VIDIA.
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NV Dev

:. HYIDIA Developer, Control Panel

!qq i

MYIDIA
Performance
Monitar

W

Info

Counters
All available counters

ontrol

= GPU
i+ GPU_Graphics
& GPU_termary

Add s

Description

Chozen counters

= CPU

- DGLFPS

=- D30
= CPU

- D30 frame driver

- 030 frame sleeping

- D30 frame frame

- 030 frame FPS

COM Fremmm bris

- OGL Custom counter 1
- OGL Custom counter 2
- OGL Custom counter 3

-~ OGL % driver waiting time
- OGL Widrmern uzage in MEB

- D30 frame num batches
1 frame vidmem B =
- D30 frame agpmem MB

D30 Yidmen usage in MB

Counter Set

Marne:

[ Load... ]

[ Save... ]

[ ok

J[ Cancel ] Apply

By

¥

<
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Instrumented Driver - Demo

 Direct3D9
* OpenGL
« HW Counters




FX Composer 1.5

* Vertex Shader Scheduling

* Texture Anisotropic Wizardry

* Support for next generation GPU
 ...and much more to come!
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Conclusion

* API Performance

* Unified Compiler Performance
* Driver Performance

« HW Performance

* What else do you need?
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Other talks of interest...

* Wed: Practical Performance Analysis
and Tuning [4:00pm — 5:00pm] by Ashu
Rege and Clint Brewer




Credits

* FutureMark for letting us use
3DMark2003

» Special thanks to Raul Aguaviva,
Jeffrey Kiel and Christopher Maughan
for making these tools!
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e Questions?
Sébastien Dominé -
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Graphics Pipeline

Vertices : Pixels
Geometry Geometry - Fragment Frame
AL Storage Processor AEEEHPET Processor buffer
000 ... -
132 .. - W, ] >
. Texture
CPU/Bus GPU Storage
< > < + >
Filtering

<
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PC Driver Model

3D Application

I Il
DirectX Runtime OpenGL
I I
DirectX Driver OpenGL Driver
Unified Compiler
Il ' Il
HW




