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» Catzilla Demo/Benchmark

* Developed by Pﬁ%lge Image and ALLPlayer
* OpenGL 4.2 and Direc %\

Agenda

* NVIDIA Nsight Visual Studio Edition Overview
* Problems During Development & Nsight Helped
¢ Q&A




Motivation behind the project

* There was a chance to do it - European Union Competitiveness &
Innovation Programme (CIP)

¢ Old engine was completely tailored for PS3(Datura® development)
* We wanted to prepare new engine for next gen machines




Development timeline

Engine development before preproduction started - 2 months
Preproduction - 1 month

Production - 2 months

Post Production - 2 months, 6 months total







Features of the engine

®

®

Post processing (HDR, adaptive luminance, DOF with Bokeh)
Fur based on geometry shader generated fins

Physically based lighting

Engine completely integrated with Autodesk®Maya




OpenGL/DirectX® 11

* OpenGL needed because of WindowsXP support, possibility to port
to MacOSX and Linux

# Still using OpenGL inside of Autodesk®Maya
* Possibility to compare performance between two APIs
* DirectX still faster?
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Benchmark modes

® Physics - CPU based using PhysX® - test
® Fur (Geometry Shaders) test

* Fluid (GPU Memory Bandwidth) test

* Raymarching (GPU ALU) test

%

PHYSICS TEST ” FURTEGT
Testing performance of CPU Physics I=ol

FLUID TEST P ~ RAYMARCH TEST

Testing perfurmance of GeomEtw Shaders Testing performance of GPU Fluid Simulation Tes[ing performance of GPU Arithmetics



NVIDIA Nsight Visual Studio Edition

Visual Studio integrated development for GPU and CPU

Build Debug Profile -

PARTNER




NVIDIA Nsight Visual Studio Edition
Supports Direct3D 9/11 and OpenGL 4.2
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Frame Debugger

HUD for scene scrubbing

State inspection at each draw call
Real time frame capture and replay
Source code serialization for D3D9/11

HLSL and GLSL Shader Debugger

Native GPU shader debugging and GPU memory views
Complex conditional breakpoints and Pixel History
Local, single GPU shader debugging

Frame Profiler
® Automatic GPU bottleneck determination

Draw call and frame timings
Direct3D Perf Markers and render state grouping/sorting

Appllcatlon and System Trace

Inspect Direct3D & OpenGL, CPU & GPU workloads

Correlate threads, call stack, API calls, WDDM kernel
gueues and resulting GPU workloads

Concurrent draw call execution and memory transfer trace



roblems During Development
#1 Broken Bokeh Filter

RESO! Ptr=0x03C3E6AS RENDERTARGET slot=0
Fmt=DX \T_R16G16B16A16_FLOAT mip=0 slice=0
TEXTUREZD: width=1280 height=720 count=1 qual=0

Event 13672
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roblems During Development
#1 Broken Bokeh Filter

OLOGY_POINTLIST);

Bug repro using D3D source

. generation for captured

ID3D11Buffer _te X { pID3D11Buffer_uidof 6398, pID3D11Buffer_uido 6, pID3D11Buffe frames."edit generated Code tO
>IASet! , 3, pID3DllBuffer_temp_6, UINT temp_2, ((UINT*)arra ) qUiCkly try debugging 'ideas

f_12484);

tIndexBuffer(pID3D11Buffer_uidof_s442, DXGI_FORMAT_R16_UINT, @);

1RenderTargetViey
iew_temp

1Buffer_temp_7, ((UINT*)array_of @8s));

BlendState (pID3011B1e ate_uidof_46, (( ") Yy FFFFFFFF);

thepthstencilstate (pID3D11DepthStencilState_uidof_

pID3D110eviceContext_uidof_ ate(pID3D11Ra

f 13
pID3D11lDeviceContext uidof Shader(



Problems During Development
#1 Broken Bokeh Filter

Graphics Inspecto

@ o#

sat0]di uoRNIOS g

Pixel History helps narrow
down the draw calls

~ I X Shaders
nique

B Command Window /8 Immediate Window [ Output

L

Ready



Problems During Development
#1 Broken Bokeh Filter

eUnsup -| | Sl 25 [ 53 3¢ ] B (]~

desg (53

Dynamic Shader Editing to
test the bug fix

Sum += tapColor * tapContribution;

n += tapContributi
)
}

¢ - m,
out float4 out_colorRGBAUp :
out floatd out_

Function( out_c

normal(

out_c ! rRGBALeFtDown, IN.texCo

wn, IN.texCoorddi, 16 ) ) Function(

~ I X Shaders

Name

W%, Breakpoints M Call Stack B¥ Autos B Locals J8 Watch1 B3 Find Results1

B Command Window /8 Immediate Window [ Output

Ready El tno4o Col14 Ch5 INS



Problems During Development
#2 Redundant State Changes

catzillafppl 30408 _...apture_000.nvreport > Rtaditati MyiT: e i

| Summary Report b | |

= Session Summary

& Summar)rnﬂf session information related to the captured data. 'E‘_Eﬁ AnalYSiS Sum mary ShOWS
} | high APl Call (8615.6) to
tzillaApp. (Trace Application’ .
E.aaptJ!e.jz:t.zfsg.:::j:!} ;:ra:.a .Srij-;,tzélgatl:uzr:lig PM Draw Call (1 01 2) ratio

data/ -fake -opengl -profileNormal -exit0 -music -secDispl -fullscreend -nodemo -notestl -note
i chtemphcatzilla-red
ion:  DTPNCWin764-01

~r1 Calls | Summany
= Draw Calls | Transfers
* Frames

——m OpenGL Overview
= Summary of captured OpenGL activity.

CPU All Cares GPU 0 GeForce GT 540

APL Time (%) Max Utilization (%) Win Avg Max
AFI/F oF 106 110 173

35.0 | 91.6 2 919 %

#Draw 37 1,012 1042

I, Device context OxFFFFFFFFFLOL0ESC on render context O ) has 39 CPU frames, but only 38 GPU frames.



Problems During Development
#2 Redundant State Changes

Events

Event

Description

;IE.lru:IE.uH ( _BUFFER, GLuint LuuH.—r_ 811)

glVert

6 glBindBuffe
glBindBufferRangel

i EI:m entslnstance:

gIEIir'n:IT' ur

: ;IUrr—

glBind

glVert
glVert

glBindBuffer(GL_ELEMENT _A

izei stride ...

sizei strid

sizei stride ...

i stride ...
stride ...

FFER, GLuint buffer =

L1}

CPU Duration (ns)

GPU DL =
0
0
0
0
10
0

Look at Event List to help
confirm redundant state
calls



roblems During Development
#2 Redundant State Changes

Call Description
void glDrawElementsInstanced(GL_TRIANGLES, Glsizei count = 36, GL_UNSIGNED_SHORT, Glvoid* indices = 0x00000000, GLsizei primcount = 1)

API Inspector allows you to make
Index Enabled Type Size Buffer Stride Pointer Mormalized Integer Divisor Sure that Code edits to remove

GL_TRUE GL_FLOAT 3 v 753 & 0 GL_FALSE  GL_FALSE 0
GL_TRUE GL_SHORT 4 xl 750 & 0 GL_TRUE GL_FALSE 0
GL_TRUE GL_UMNSIGMED_SHORT 2 ) 750 & g GL_TRUE GL_FALSE 0
GL_FALSE GL_UNSIGMED_BYTE 4 3704 12 GL_FALSE  GL_FALSE 0

21 _CALEE 21 LIMCTERIED DWYTE 1 775 3 12 =1 _CALEE 21 _EALEE A

Index Type Size Normalized Integer v x] 761 &

GL_FLOAT GL_FALSE GL_FALSE ! | GL_UNSIGMED_SHORT
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL_FLOAT GL_FALSE GL_FALSE
GL FLOAT GL FALSE GL FALSE

FB

Textures
Buffers
Program

Pixels

W0 = & obn = ke D

[ury
=

Misc Clarmp Read Celor GL_TRUE

Provoking Vertex GL_LAST_VERTEX_CONVENTION

'wry
|y

Width Height
1280.0 720.0 ! ! Depth Clamp GL_FALSE
1280.0 720.0
1280.0 720.0
720.0 ! . Enabled GL_FALSE




Problems During Development
#2 Redundant State Changes

catzillaAppl30408_...apture_000.nvreport

| Summary Report x | |

& Session Overview = Jession Summary
P . = Timeline . .
SRR =AU AR L « Actiity Reduced call ratio resulted in average

of 15% decrease in frame time

catzillaApp.exe (Trace Application)
Captured 4,65 seconds of data on 4/8/2013 6:26:31 PM
datas -fake -opengl -profileMormal -exitd -musicO -secDispl -fullscreen( -nodemo -notestl -notest? -note

g Din  chtemphcatzilla-red
Connection: DTPNCWin7e4-01

Summary of captured OpenGL activity.

CPU Al Cores D orce GT 640

APL Time (%) 5 Utilization (%5) Avg
& ::_.- £ ms/F 06 1 12

53.6 | 89.7 i 20 906

#D0raw 313 1,024 1032

I Device context O 959 on render context CuedD000 sPL frames.



Problems During Development
#3 glMapBufferRange too expensive

3000 calls to glIMapBufferRange taking
62% of the frame time
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Problems During Development
#3 glMapBufferRange too expensive

Looked at other possible
Rtk solutions like buffer pool with

__ffnces but hurt SLI performance
———— = -~
glMz pBuﬂerFlangE glMapBufferRange i

colorpass
postprocessing

F Turned out it was bad flags...was passing
(GL_MAP_WRITE_BIT |

GL_ MAP INVALIDATE_BUFFER_BIT |
GL_MAP_UNSYNCHRONIZED_BIT)
but the invalidate caused the driver to make
too many temporary buffers

034

fluid update (picoFl... ll ||



Problems During Development
#3 glMapBufferRange too expensive

cor CatZilla - Microsoft Visual Studic (Administrator) - Expenimental Instance
Edit ject Build Debug Team

Fix the flags, let the driver manage the
memory, and perf improved!




Problems During Development

#4

Bug in SW culling

]

Scrubbing through the scene & saw
items showing in depth buffer that
never impacted the scene...

Using SW based method based on
presentation by Daniel Conlin from
DICE at GDC 2011



Problems During Development
#4 Bug in SW culling

ZCull activity in the profiler confirms
the objects are not going to show...

Frame Profiler

Prirniti CPUTime GPU Time Shaded Pi Performance Markers Tran Primiti CPU Time

79017

Summary

Shader

Shaded

p

Event 141

Frame Buffer



Problems During Development

#4 Bug in SW culling Note new summary screen for OpenGL
Frame Profiler. Bars show unit bottleneck

values and blue boxes will have red

outline for areas of interest

2177846 249512 79017 15782418

Tessellator Rasterizer

Blending & ZBuffer

Weight by: |Unweighted ~



Problems During Development
#4 Bug in SW culling

Found bug in the linear depth
calculation, reduced scenes by
400-500 draw calls




Problems During Rendering
#5 Indepth look at Raymarch Test

Benchmark designed to be GPU
bound...target process showing GPU
busy 100% of the time...that’s good!

sat01dxg ueRNIoS ige

SwapBufters

e
o))
|

Transfers

Draw Calls...

PU Usage

GPU Usag

GPU Dri

w Information

Thy in the timelin 2 t the child of t

Output > X
- -
W ErrorList W: Breakpoints B Command Window S B2 Find Results 1

Ready




Problems During Rendering
#5 Indepth look at Raymarch Test

= 76.3% Thread [7432]
rea te

SwapBuffers SwapBuffers SwapBuffers SwapBuffers SwapBuffers SwapBuffers SwapBuffers SwapBuffers SwapBuffers SwapBuffers SwapBuffers

Main thread active all of the
time...repeating frame pattern

NVTX used to annotate the frame to help
see what was happening in the scene




Problems During Rendering
#5 Indepth look at Raymarch Test

-0
- R 40000
e %51011BC cPU ———
5PU GPU D- G... _ = C
= Qau N I
™%

T : 3 AL
Draw Calls [GPU 0] |
i i

+  Tools Extension

CPU is 2 frames behind the GPU, as
expected for GPU bound app

Row tooltips show per frame stats, Draw
Call row shows concurrent draw calls




Problems During Rendering
#5 Indepth look at Raymarch Test

3.0 includes WDDM tracing, green bars
are packets with swap/present calls

BAOT5CSASCO

CSASCL

6 catzillaApp
eéxt [OxFFFFFB
CPU Context Queue




Wrapping Up

® Questions/Comments?
® Resources
® Info: https://developer.nvidia.com
® Forums: https://devtalk.nvidia.com
* Downloads
® http://www.nvidia.com/nsight

® http://www.allbenchmark.com/download
® GDC Exhibit Booth: #1602



http://developer.nvidia.com/
https://devtalk.nvidia.com/
http://www.nvidia.com/nsight
http://www.allbenchmark.com/download

