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Purpose

= To determine criteria for graphics tool

EE':IL‘I‘I-EL:'E'-."E'.{.:UE[E Se I eCtI O n
anlerence

=« To demonstrate how tools can be used to
identify and solve top game scenarios
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Agenda

= Tool Selection
sees ) SCENArios

= Live Demos

= Q&A

= References

x e
Conferance
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Preliminary Criteria Points

When selecting a tool, consider:

«ecoes ) Budget

= (General machine requirements

« Hardware manufacturers

= Additional required software

=« Code modification requirements

= Product support

= Features and general areas of interest
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Popular Tool Areas of Interest

« Game Assets
Textures, Shaders, Vertex Buffers, etc

< APl Usage
DirectX / OpenGL calls, state, debug spew

= Driver
Driver versions, driver timing

= Hardware
Timing, hardware usage
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Tools Shown Today

= AMD
GameDevelopers GPU PerfStudio
= Microsoft
PIX for Windows
= NVIDIA
PerfHUD

FX Composer (RS
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Tool Categorization

= Game Asset

PIX for Windows, GPU PerfStudio,
FX Composer, PerfHUD

= API
PIX for Windows, PerfHUD, GPU PerfStudio

@ Driver
PerfHUD, GPU PerfStudio

« Hardware
PerfHUD, GPU PerfStudio
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Example

Criteria:

«ecoes 5 Application uses DirectX 9 / HLSL

= NVIDIA GeForce 7800 card Is present
= Do not want to change code to use tool
= Preference towards free tools

Possible options from previous list:
= FX Composer
= PIX for Windows
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How to Choose

= Determine analysis levels of interest

@ One strategy Is to start at the game asset level
and work down the list

@ Determine how tool fits criteria
= Prioritize your requirements

= Experiment

= Most tools are free or have free trial periods,
try a variety of scenarios
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Scenarios

= Glitches
GameDevelopers @) IncorreCt behaVIOr

Conferance

= Bottlenecks
= Poor performance
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Glitches

The game Is not behaving as expected.:
«ecoes & (GAamMe Crash

= Blank Screen

= Missing Objects

= Flickering

WWW.GDCONF.COM



Game Crash

| B Microsoft Windows e

GameDevelopers

cmr---r-n e GDCChess.exe has stopped working

Windows can check online for a sclution to the problem,

< Check online for a solution and close the program
< Close the program

< Debug the program

i\_-":] View problem details
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Game Crash

Scenario:

e & (GAMeE crashes when moving from
windowed to full screen

= Only occurs on specific video cards

« The game does not have a debug build
due to performance/game play reasons
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Game Crash

= Select settings to handle crash analysis

GameDevelopers Q PIX for Windows - [GameCrashScenario : Experiment (Advanced View)]

‘““""“ Br File Edit View Window Help
D@ & 2R » 7

(oo |

_ =] x]

TriggersfActions | Target Program |

'Th %‘-Jv'x

=W Program Start

..... ¥ § Create Run File

... J& Full-stream capture Direct3D

Action Type: lCreate Fun File

)

Path to PI¥Run file:  C:\Users‘kstevens\Desktopgdc200

[¥] Disable write caching

Mote: Disabling write caching makes capture slower, but is likely to record more

information if the target program crashes.

Fewer Oplions

| StartExperiment |

Ready
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Game Crash

« Setup diagnostic logging

GameDevelopers Q PL¥ for Windows - [GameCrashScenario ; Exp-eﬁment (Advanced View]] E“E”E_l
‘“"""“ B File Edit View Window Help = =] %]
AEp—= =8B > 7

| Triggers/Actions | Target Program

Target startup options

Program path C:\Userskstevens \Documentsigdc2008\GDC Chess \Debug in,GDl:Ihess.E:(E E]

Startup folder

Command-ine arguments

Skip 0 pracesses before gathering

|| Record a diagnostic log
[+] Include debug output messages in diagnostic log

[| Disable D30X analysis

I Fewer Options [ Start Experiment ]
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GameDevelopers

Conferance

Game Crash

PIX Diagnostic Log ==
Q A diagnostic log (3383 KB) was aeated while PIX was analyzing 'GDCChess.exe’.

Look for debug output messages regarding incorrect Direct3D usage, or invalid parameters in calls to Direct3D.

Diagnostic log file excerpt (dick Save As to save the full log):

Frame 000003 .oveiiaianann PRE: RemoveObject{D309 State Block, 0x03CEEBDO, 0x0AS34DE0) -~
Frame 00003 ...ocuensninan POST: <= RemoveObject{D30D9 State Blodk, 0x03CEEBOOD, 0x0AS934DE0)
Frame 000003 ............ POST: <0=<this=0x03ceecbl0 > IDirect3D5tateBlocks: :Release()

Frame 000003 .....cooiua PRE: <this=0x03cefb98=IDirect3DStateBlodkd::Release()

Frame 000003 ...oovvviniinnns PRE: RemoveCObject{D 3039 State Block, 0x03CEFB9S, 0x0A934ECO)
Frame 00003 i POST: <> RemoveObject(D302 State Block, 0x03CEFE9E, Ox0AS34ECT)
Frame 000003 .....cco000s POST: <0z <this=0x03cefb98 = IDirect305tateBlockd::Release()

Frame 000003 ......co000s PRE: <this=0x03cefd10=IDirect3D5tateBlock: :Release()

Frame 000003 ... canevans PRE: RemoveCObject{D 303 State Block, 0x03CEF&10, 0x0AS34E40)
Frame D00003 . ..oousensnnnnn POST: <= RemoveObject{D309 State Blodk, 0x03CEFG10, Ox0AS349E40)
Frame 000003 .........00. POST: <= <this=0x03cef6 10> IDirect3D5tateBlockd::Release()

Frame 000003 ........ POST: <0=><this=0x02389fed > ID3DXSprite::Release()

Frame 000003 ........ PRE: <this=0x03c53ed8 >IDirect3D0evice?::Reset(0x04000F54)

Direct309: (ERROR) :All user created D3DPOOL_DEFAULT surfaces must be freed before ResetEx can succeed. Re |z |
An unhandled exception occurred. =l
Closing Run File b
T — X

Do you want to discard or save the log file?
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Game Crash

Analysis:

= Error: Direct3D9: (ERROR) :All user
created D3DPOOL_DEFAULT surfaces
must be freed before ResetEx can
succeed. ResetEx Fails. An unhandled
exception occurred.

EEEEEEE =]
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GameDevelopers

Conferance

Game Crash

= Open run file for analysis

B gdc_testPIXRun =0 E=R
Timeline
0 sec ! 3 sec ! 10 sec ! 15 sec l 20 sec l 25 sec l 30 sec ! 35 sec
[T11 |7, =
& G = | | 100% | [l | 100% | |
| > | 100% | | | 100% | |
Address Q Type Q Created By Q Creationg Dactructiong Status Q App Refs Q Sizeg Pool Q Usii*
0:029BAF00 D309 Object Application 1 Mever  Alive 10 L8
00297308 D309 Device Application 1 1 Dead n/a
M=ANIDDEDN PN Covimm Tl i Miem 3 1 1 Mima sl - i
4 T 3
843 of 843 objects displayed
he | Ft F3 DTt D4 ED | [ Summary | Render | Mesh |
EID Event GG S = %| Prev, Draws Brightness
3
F Channel(s): IR_GB - ] [
1| i~Start Session &= =
2| -Start Process [ -
P = Frame 1
4 ' [HUser Event: DXUT D3D89 Enumeration
51 +|-Direct30Create9(0x80000000 | 32) =
= <0x029BAF00> IDirect3D9::GetAdapterCount()
8 <0x029BAF00> Direct3D9::GetAdapterldentifier(0, 0x00000000, 0x020B03CC]
9 <0x029BAF00> Wirect3D9::GetAdapterModeCount(0, D3IDFMT_XBRBGABS) i
10 <0x029BAF00> Direct309::EnumAdapterModes(0, D3DFMT _X8R8GSBS, 0, 0xl il | -,
11 f2QRAENN= TNirartaNG - -E AdanterMndac/fl NANFMT ¥RARRCARA 1 vl :
i < > m-lrn nimAdanterindac : le fn.r. WIndﬂws
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GameDevelopers

Conferance

Game Crash

= Examine objects left after last valid call

Objects

Address [g Type

Ox02ATA390
D247 A435
00244 BOBS
002448910
D02 ATALED
D02 ATASEE
00247 AB30
CD2ATABDE
D02 ATATED
00247 AB2S
00244 BHEOD
0:02A4BTED

D209 Surface
D309 Surface
D309 Surface
D309 Surface
D309 Surface
D309 Surface
D309 Surface
D309 Surface
D209 Surface
D309 Surface
D309 Surface
D309 Surface

Mewver
Mever
Mever
Mever
Mewver
Mewver
Mever
Mever
Mewver

Mewer
1
1

Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Dead
Dead

0

=2 o o o o o a 9O 9

n'a
n/a

Default
Default
Default
Default
Default
Default
Default
Default
Default
Default
Default
Default

[z] DestructiDnE] Status.[g App HE‘FEE] Pool E] Usage

Dynamic
Dynarnic
DepthStencil
RenderTarget
Dynamic
Dynamic
Dynarmic
Dynamic
Dynamic
Dynamnic
RenderTarget
RenderTarget

E] Format

D3DFMT
D3DFMT
D3DFMT
D3DFMT
D3DFMT
D3DFMT
D3DFM
D20FN
D3DFN
D3DFM
D3DFM
D3DFM
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Game Crash

= Located rouge object creation point

Objects

GameDevelopers

makinivitis Ad View Surface (nd)2A7AS88 lv| AppRefs|y| Pool [+| Usage [+| Format

i Object Operations ¥ Go To Object Creation R
W D2DEMT
a0 . ; . Go To Object Destruction D3DEMT
i IDirect3D5urfaced™ D) 2ATASEE ; -
0 Creation: Frame 1, EID 10676 0 Default  Dynamic D3DFMT
0 R - 0 Default  Dynamic D3DEMT
0 Destruction: Never 0 Default  Dynamic D3DFM
(s Format: D3DFMT_ASREGEES 0 Default  Dynamic D3DFN
0 ) o 0 Default  Dynamic D3DEN
0x0 Usage: D3DUSAGE_DYMNAMIC 0 L. Dyt D3DEM
b Pool DADPOOL DEFAULT n'a Default RenderTarget D3DFM
0 - n/a Default  RenderTarget D3DEM

Dimensions: 256 x 256

App References: 0
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Game Crash

= Trace calls for objects requiring release

GameDevelopers 0926 . User Event: Water Texture setup

10671 EI {D}{DEHDDEID:" IDirect3DDevice?::CreateTexture(2048, 2048, 8,
10672 =~ CreateObject(D3D9 Texture, 0x02A62E38)
10673 -CreateObject(D3D9 Surface, 0x02A7A390)
10674 = -CreateObject(D3D9 Surface, 0x02A7A438)
10675 = - CreateObject(D3D9 Surface, 0x02A47A4E0)
L - ¢ -CreateObject(D3D9 Surface, Ox02A7A588)
10677 = -CreateObject(D3D9 Surface, 0x02A7A630)
10678 = - CreateObject(D3D9 Surface, 0x02A7A6DS)
10679 _ ~CreateObject(D3D3 Surface, 0x02A7A780)
10680 -CreateObject(D3D9 Surface, 0x02A7A828)
10681 | <0x02462E38> IDirect3DTextured::LockRect(0, 0x0017F6DC, NU
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Game Crash

Conclusion:

«eves ) SOMEe D3DPOOL _DEFAULT textures were
not released before ResetEx occurred

= Tools can examine remaining
objects/textures to help ID items that
require rework

= Remalining objects are easily cleaned up
once identified

= Allows debugging of both retail and debug
builds (assuming no copy write protection)
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Blank Screen

€ GDCChess ENETT)




Blank Screen

Scenario:
=0 ) Many machines render a black screen

= The program works fine on some
machines

= Video card Is the same on all machines
= Video driver is the same on all machines
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GameDevelopers

Conferance

Blank Screen

« Qverriding states can rule out issues early

G GPU PerfStudio - Connected to Local (APL DirectX) - [Graphics State]

File View Connection Toels Window Help

AN
LYZ

0 @ B | [T

API State Overrides

Back Buffer

Force 22 Textures

[] Force Disable Texture Filtering
[ Force 1x1 Sdssor Region

[] Force Simple Pixel Shaders

[] Force Skip Draw Calls

|| Force Z Test Enable  [Fals

[] Foree Z Write Enable
[] Force Alpha Blend Enable
[] Force Alpha Test Enable

[] Faree cull Mode
[] Foree Fill Mode

False

Falze
Falee
Maone

Point

| [¥] Continuous Update |- | Local

Render Targets

|| Force 2x2 Textures
[| Force Disable Texture Filtering

Force 1x1 Scssor Region

]

Force Simple Pixel Shaders
Force Skip Draw Calls
| Ferce Z Test Enable  |False
Force Z Write Enable  |False
Force Alpha Blend Enable  |Falze
[] Force Alpha Test Enable |False
[] Foree Cull Made

[7] Force Fill Mode  Foint

Mone

Reset APT Duerrides]

L= 35 5% % %

(ol e |
& X
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Blank Screen

= Qverriding texture renders scene viewable

= evalonars
Conlaranos
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Blank Screen

« Checking for sampler issues

Events Details

[<#| he | Ft F4 Dt Ds BD | Summary | B Render | Mesh | Device 0x03D2ADE8 |

Event | Device Info | input State | Tessellation State | vertex State | Pixel State | Qutput State |

+<0x03DDF848> ID3DXMesh: DrawSuhset[Elel[]l
----- -::EI}{EIBDMDEE} IDirect3DDeviced: : SetVertexT
o <0x03D2AD68> IDirect3DDeviced: :SetStream
~<0x0302AD68 > IDirect3DDeviced: :Setlnd'rces[
< (x03024068> IDirect3DDeviced: :Drawlndex .
~<0x03DD85A0> ID3DXEffect: :EndPass()

0x0CCDF1D8 | D3DTEXF_LINEAR | D3DTEXF_LINEAR | D3DTEXF_LIN/

0x0CCOFOFD | D3DTEXF_LINEAR  D3DTEXF_LINEAR | D3DTEXF_L

= Samplers exist, values look ok
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GameDevelopers

Conferance

Blank Screen

= Check texture sampler 0 - OK

Details

- Mip 0 (1024 x 1024)
.. Mip1 (512 x512)
. Mip 2 (256 x 256)
- Mip 3 (128 x128)
. Mip 4 {64 x 64)

. Mip 5 (32x32)

- Mip 6 (16 x 16)

- Mip7 (8x8)

- Mip8 (4 x4)

- Mip92x2)

- Mip10 (1 x1)

G;]}QEEMZEE{”

Summary | @ Render | Mesh | Device 0x03D24D68 | Texture 0xDCCDF D8 [x

Channel{s): [RGB - l

ype: D309 Texture

Format: D3DFMT_XB8RBGEES

'PIX for Windows
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Blank Screen

= Sampler texture 1 should not be black

Details
GameDevelopers |— — — - — : —
Conferance . | Summary | B Render | Mesh | Device 0x03D2AD68 | Texture OxOCCDF1D8 | Texture OxOCCDFOFO | e
Mip 0 (2048 x 2048) G‘% Q @ 10 E

- Mip 1 (1024 x1024) 3
Mip 2 (512 x 512) Channel(s): |RGB - | |
- Mip 3 (256 x 256)
- Mip 4 (128 x128)
. Mip 5 (64 x 64)
- Mip 6 (32%32)
L. Mip 7 (16 x 16)

ype: D309 Texture
Format: D3DFMT_ASR3GEES
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Blank Screen

=« Render frame and select inaccurate pixel

GameDevelonere | FT F+ DT DI EID | Y :'5un_1mar¥: & Render :.!\"I.es.h i
Conleranos =
‘ Event (ﬂ, Q e we [ BB Prev. Draws Brightness: [
Channel(s): |RGEi "i T
~-Start Session -
Start Process
|=-Frame 353

User Event: Method: OnFrameMove
—I-User Event: Method: OnD3D9FrameRen
<(x01504F50> IDirect3DDevice9::Cle
<0x01504F50> IDirect30Deviceq: :Bac Save Picture 4s...
<0x015D4360> ID3DXEffect::SetFloat Debug This Pixel...
=(0x01504360> ID3DXEffect::SetTech
=0x01504360> ID3DXEfect::SetVecti =
<(0x01504360> ID3DXEfect::SetVectc
<(x01504F50> IDirect3DDevice9::5et
=0x01504360> ID3DXEfect::SetVectt
<[xl1504F50> IDirect3D0Device9; 56t
=<0x01504360> ID3DXEfect: :SetTextt
+-User Event: Drawing Scene
#-User Event: Method: DrawlightShafts
=< [x01504F50% IDirect3DDeviced::Enc




Blank Screen

= Pixel history shows all calls output black

GameDevelopers i

il !-Summary | @ Render | Mesh |_Debugger

Event 1254: IDirect30Deviced: DrawlndexedPrimitive/D30FT TRIANGLELIST, 0, 4, 13608, 6, 23324)

Primitive 3 of 23324

Pixel shader output:
Vertex Shader:0x016ECSFED
Debug Vertex 0
Debug Vertex 1
Debug Vertex 2

Alpha: 1.000

Pixel Shader:0x016ECS80 Fed: 0.000
Debug Pixel (369, 368) Green: 0.000
Blue: 0.000

Final framebuffer color:

Alpha: 0.000
Red: 0.000
Green: 0.000
Blue: 0.000

Event 1254: IDirect30Deviced: :DrawlndexedPrimitive(D30DFT TRIAMGLELIST, 0, 4, 13608, 6, 23324 PIX for Windows




Blank Screen

« Shader debugging proves black texture
ameeenesODIItErates computed color

Conle
- “m | r— =y, o Debugger

B e

flogat4d CausticPs5 (V5 _OUT IN) : COLCR
{

floatZ movement = IN.TexCoordl.xy;

movement . x = movement.x + cos(Time * 0.2f) * 0.3f:;
movement.yv = movement.y + s2in(Time * 0.3f) * 0.2f;

floatd color = IN.Color.rgbh # tex2D(CausticTextureSampler,

movement . .xy * 0.9f);
= color = color * tex2D(MeshTextureSampler,

IN.TexCoord0.xy) :

- - - -

: Registers | Varables

Mame

Value Type
colar (0,000, 0.000, 0,000 ) float3
movernent (0.845, 4.548) float?
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Blank Screen

Analysis:

= The texture Is involved in all lighting
operations, therefore everything is black

= Black i1Is a common fallback for textures
which were unable to be loaded at
runtime
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Blank Screen

Conclusion:
ecoes [ N@ texture failed to load
« Texture loading is based on a file path

=« Machines with an incorrect path didn’t
load the texture

= Correcting path in setup restored lighting
to all machines
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Missing Objects

CMP
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Missing Objects

Scenario:

ameeccers 5 COCe traces prove all draw calls are
executed

= A few of the objects drawn are not
displaying on the screen

G
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Missing Objects

GameDevelopers

Confarands ': @ G e [l @| Prev. Draws Brightness: ~ fl !
Channel(s): IRJGB hd |‘

"PIX for Windows
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| 3 Missing Objects

. =« Check wireframe geometry of scene

GameDevelopers

b

“PIX for Windows

WWW.GDCONF.COM




Missing Objects

@ Suspicious artifacts present

Gamelevelopers

b
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Missing Objects

@ Incorrect vertex shader input

Pre-Verex Shader Post-Yertex Shader Viewport

PreVs | Postys |

| 'nmm DDED 10,000, 1|:mn' nu15== 1.000! 0.003 nnsgznrgi‘z

DDDQ DDE‘I [}DDD ‘IDDD —DDDE -0.854 | DEE‘II [}525 ‘I‘IEiEE,;
0.006 | DEIEEI DDD‘I ‘IEIEIEI —DDM-—DED1 DTQEII 0413 ‘IDEIEE:

1§ 0.009 0,051 0.000 1.000 | 0. una -0.854 | n52-|l 0525 1153
CMP —a—— ———— & . a
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Missing Objects

= Yields unexpected output

GameDevelopers

Conleranos . i =

 PIX for Windows
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Missing Objects

@ Incorrect input & fogged out

Pre-Vertex Shader Post-Yertex Shader WViewport

GameDevelopers

Conferance

Preys | Postvs

orm Vx| X )~ poston | ise || Fog | Texcoors ||_Toxcon

.5153 I 13523 -33.604 | 10.854  10.953 I D3DCOLOR_ARGB(0x00,0x00,0x00,0x00) | 2,155 I 0.000 | 0.500 I 6722 8.
.- 5159 I 13357 -34.861 9552 9651 I D3DCOLOR_ARGE(0x00,0x00,0x00,0%00) | 2,000 I 0.006 n.422| 6.639| 72
- 5160 I 13,357 | -32.347 | 12.156 | 12.255 I D3DCOLOR_ARGB(0x00 0x00,0x00,0x00) I 2218 I 0.006 0578 I 6639 9

- 5160 I 13.357 | -32.347 | 12.156 | 12.255 I DanDDLDR_ARGE(UHUD,uxnu,nxnﬂ,nxnmI 2218 I 0.006 0578 l 6639 9
.5159 I 13357 -34.861 9552 9.651 I D3Dr:DLDR_ﬁRGmeun,nxnu,nxnﬂ,nxnmI -2.090 I 0.006 n.422| 5630 -
-5151 |-12.u49'-29.955 14.632 | 14.731 I D3DDDLDF&_ARGE(UKUD,UKU[},DKD{J,U}{UD}I 2336 I 0.054 n.?z?l 5980 1

- 5160 || -13.357 | -32.347 | 12.156 | 12.255 } D3DCOLOR_ARGB(0x00,0x00,0x00,0x00) I'-2.21s i 0.006 | 0.578 J 6630 '
B 5151 0 12040 9058 148321 14731 B nancol or ArRGRxn0 0x00 0x00 oz B -2 335 B o054 0797 B 5 080 | -

A WWW.GDCONF.COM



Missing Objects

= Defect demonstration, modifying application:

emeneeses N0 TOQ, NO cull, zooming out
:mhur«n
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Missing Objects

Conclusion:

shaders In both cases

= Culling reduced odds of detecting the
scene was inside the rook, fogging hid few
remaining visible faces
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Flickering

Conferance

WWW.GDCONF.COM



Flickering

Scenario:

ameeciers 5 | @XTUNE Shifts between two images every
time mouse Is moved or scene position
changes

= There Is only one known mesh object used
for the chess board
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Flickering

=« Examine wireframe for obvious z-fighting
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Flickering

@ Examine mesh view for hidden artifacts
—

Pre-Yertex Shader Post-Vertex Shader Viewport

Preys | PostVs

-3 Ei4'.l" 0. 2[]5 5252 5351 l D3DCOLOR_ARGB(0x00 0x33,0x33,0x33) I 0. 38?' 0756 D 968 l -1.813 4014
5 §-3.647| 0. T45 5. B‘I{] he 91DI D3DCOLOR_ARGB(0x00 0x33,0x33,0x33) l 0 292' 0701 0.968 I—‘1.B'13 4432
6 §-3.647 1.285- g. 359 B 458.. D3DCOLOR_ARGB(0x00 0x33,0x33,0x33) I 0.195 I 0.645 0.968 I—‘1.B'13 4851
-3.647 | 1 285 B. 359 B. 458 DBDCDLDR ARGEI{DK&Z% U}{dEi U}{dﬁ Dxdﬁ} I 0. ‘195 U 545 0.968 § -1.813 4857
-3.647 | -0. BTE 4 135 4235 DBDDDLDR ARGEI{DKEG D}{dEi U}{dﬁ Dxdﬁ} I 0. EEEi U 855 |0.968 §-1.813|3.176

3647 |-0.872| 4 135 | 4235' D3DCOLOR_ARGB(0xb9 Dxec Dxec,0xec) I 0.566 I 0.866 | 0.968 I—1.B13 3176

LA b R N Tt s l.ﬂn.ﬁﬂhnnl A ARSI e M e e e = Pheae b .ﬂdﬂl-.ﬂﬁll' nnr\-h. A Al a A

.1“

i354? 0.206 5252 5351 | D3DCOLOR nRGEn:nxaa 0xd6, 0xd6 0xd6) B 33? 0756  0.068 | 1813 4.014
H

£
L
b

MP WWW.GDCONF.COM



Flickering

« Hidden mesh subset uncovered

Pre-vVertex Shader Post-Vertex Shader Viewport

GameDevelopers

Conferance

Preys | Postvs

CEI N TN Y £

3 EUE -1.883 ] 3 UEE 3 '125' DSDCDL{}R .ARGEH[{}KDQ Oxec, DKEI:: UKEC} l{] 726 0 1. D{]U at UDU 1.790 2 244
-3 EDE -1.883 3 UEE 3 ‘125' D3DDDLEI'FE .ARGEI{U}{I}Q Oxec, EI}{EI:: U}{EC} Iﬂ 726 9 0. EI{]U 1.000 l -1.790 | 2 344
I 3 EUE 2.397] ?459 TEEB’I DSDCDL{}R .ARGEH[{}KDQ Oxec, DKEI:: UKEC} l{muzi 1. D{]U 0.000 l 1 ?QD 5 669

0.000 umml 1790 5559;
1,000 0.000 |} 1790|5669
0.000 1.000 | -1.790 | 2344

-—3.502 2397 | T459 | 7.558 l DBDDDL{}R _ARGB(0xb9 Oxec Dxec, Dxec) I .00z 8
I 3.5[]2 2.397 | T459 ? 558 I D3IDCOLOR_ARGB(0xD9 Oxec Oxec, Oxec) I 0.002
I—B.EUE [-1. 883 3 UEE 3.126 I D2DCOLOR_ARGB(0xb9 Oxec Oxec Dxec) I 0.726 8

et WWW.GDCONF.COM



Flickering

Conclusion:
«cipes ) | N@ Checkerboard mesh had 2 subsets
= 1 subset was coplanar with the board top

= Removal of subset fixed unanticipated z-
fighting
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Bottleneck Analysis

Overall behavior is correct, but rendering
takes longer than expected:

= Culling & Render Order
= Buffer Sizes
= Ineffective Code
= Inefficient Shaders
= Batch Sizes
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Culling & Render Order

« Look at the overdraw In the tool

GameDevelopers

Conferance

WWW.GDCONF.COM
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Culling & Render Order

= Scroll through the draw calls to see how
ameeenes LNE frame IS composed

Conferance &

FPS: 120.7 [20 frame avg) Tri:5:.IFr':arﬁihadéﬁ*ﬂrﬁ:ed'::[mg e I_I:z:eni [Mod]  2x2[] Scissor AI[] lgnore DC[] wire [] Depth [X]
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Culling & Render Order

= Notice how the draws are just stacking
ameeeses AN NOthINg Is culled

= Are objects being
rendered multiple
times?
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Culling & Render Order

« Check the render states

ameeccers 0 Re@Nder state

changes can
happen in

multiple S |

. i G40:480
ColoriteEnable?: 0xF WERGGEEE
ColorriteEnable: 0xF flip: 1
I a( :e S ColoriteEnabled: 0xF Usage: DIDUSAGE
SRGEWteEnahls: False Falze s i

4 Blend State
AlphaBlendEnahble: False Falze -
SrcBlend: Srcblpha _rcAIph ~
DestBlend: Cne i one |
Blendp: Add
SeparateflphaBlendEnable: False
SreBlendalnhe: One
DestBlendslphs: Zero
BlendCpAlpha: Add
BlendFactar: 0xFFFFFFFF

4 “ertex and Primitive State

—|

[ Performance Dashbowrd__| ___Debug Console____ | ger PerfHUD
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Culling & Render Order

= You want to draw where the culling

cmeneeneeDENAVIOr Wil have the most effect.
Conlerance _'GD{_:vChgs's_'__ s

Call bype: DravwindexedPrimitive

Type: DSDPT_TRIAMGLELIST
BazeWertexindex 0

min%'ertexindex 0

Mumertices 23257

startindex 0

primCount 43926

HRESLLT: Ox=00000000

Mag: 5_0k

Desc: The function completed succes

** Inclex Buffer Description **
Format : INDEX16

Pool : DEDPOOL_MANSGED
Usage : 0

Length : 275052 hytes

** B Declaration **
Total vertex size: 32
0 - POSITION FLOATS DEFALLT
0 - NORMAL FLOATS DEFALLT

[ prev [ viext [

Performance Dazhhoard Debug Console



Culling & Render Order

« Remember that transparent objects must
be drawn after opaque objects. They also
need to be drawn via the painters
algorithm.

@ Render back to front
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Culling & Render Order

Guidelines:

= Software (portal/scene)
= View Frustum
@ Z-test
= Bounding box — hw queries
(did any pixels render or potentially render?)
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Buffer Sizes

= Performance Is slow
,,mm_ = But everything looks correct
= Thrashing of system resources
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Buffer Sizes

GameDevelopers

Conferance

. [E)-Fighting
. Bad Alipihea Blend

Eullingreatied

BU 1B RT DS

DrrawePrim Count m Avg Batch

Driver Time (ms] GPU Idle (m=) Dirivy ping (ms] M Frame Timll'I

. Cebug Console Frame Profiler

= There could be lots of swapping occurring
_:5. GDCChess. . l_I_lﬁ
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Buffer Sizes

= Look at the perfmon counter for memory
camereccres 0AQE TAUILS
IS It too high?

! 8 sec 10 sec ! 12 sec ! 14 sec _16 sec 18 sec 20 sec

Frame 1
£r3m91
= T
=
I IR g P
| ew texture objects | 100% ~|  60.0 |IMemory: Page Faults v | 100% +| 0.0 |[GPUDurah’on ~| 00% | |[ v 100%
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Buffer Sizes

= s the swapping due to textures or other
ouffers

Conferance

= Look at the signals in PerfHUD
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Buffer Sizes

@ Sort the object table textures in PIX by size

GameDevelopers [Pt — e — — — = — . : — — . : —
Coin T ranes Address (= Type |=| Crested iy |w| Crestion |« Destruction |=| Ststus  |w| AppRefi |« Sae|w| Pool |w| Uiage  |= Format |=|  Width|=| Height| = Depth| = Mgt =)
' L0 EBLED D09 Vertex Buller  Apphealssn 1 =9 Alnee 1 435584 byles  Marnaged DEDFMT NERTEXDATA -
0S0CO0E0 D309 Sudace Direct3D 1 0 Alive 0 Bbytes Mamaged DIDFMT _DETE 2 4
0ARIDSE D309 Sudace DirecD 1 40 Alive o 16 bytes  Mansged DIDFMT_BREGEES 2 2
(0IO0MARD D309 Surace DirecaD 1 Y Alive 0 L8800 bytes Defoult  Depthitencll DIDFMT_D24XE 0 480
OABDCIE D309 Saidace DhrectdD 1 9 Alnee a J62 144 byles  Marnaged D3DFMT _SHFEGHER e ] e ]
(=000CEENY  D3DD Tedue Lpplication 1 0 Alive 1 2744 bytes  Maraged DIDFMT _DETE & & T
(OARJERER D309 Suface DirecD 1 0 Alive o L0 bytes  Managed DIDFMT_BREGEES 16 15
SOCODRR  DA0S Swifsce DarectdD 1 R Ales a B bytes  Mansged DIDFEMT_DTE i i
[0AANESED  DED9 lndex Buller  Apphoalssn 1 =9 Alnee 1 49052 bytes  Delault WinteOnky D3DFEMT_INDEXLD
OeOAANDEL)  DIDS Durdace Direct30 1 &40 Alve ] 4 bytes  blampged CADEIT MAFIGEER 1 1
OARDIDS  D3DD Sudace DirectD 1 8 Alive o 65,536 bytes  Managed DODFMT_BRAGARE 18 12
C0ABECO0  D3DD Sudace DirectlD 1 D Aive 0 256 bytes  Maraged DIDFMT BR3GEEE 8 &
LA TH  DE09 Skete Block Apphialsan 1 0 s 1 a
169 of 160 chjects displayed

'PIX for Windows
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Buffer Sizes

eeeeeee erider Targets

= Use mip-mapped

gy Tve D 051488c0]
T S1EGE1

FLge  KRREGARA
GameDevelopers teXtu res % 1 R Ty 20 KSa0400]

¥

f .'i Bigd
- B OxTH

o il o T

:mhur«n
© @ Use smaller

textures

< Use a compact
texture format -

@ Don’t become infatuated with new features
E.g. Selectively use aniso on textures
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Buffer Sizes

= Only use data where necessary
aoes ) Pack data buffers with a smaller vdecl

= Use LOD techniques to reduce the amount
of data needed

=« Use a paging algorithm for loading data
= Reuse Render targets when possible
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Inefficient Code

= Are you sure you are GPU bound?

s = Look at the timing in PIX, PerfHUD

File Edit View 'mow Help
DEW ‘B2 » 7
.Q.kulﬂ

CPU->

GPU->

4
(CRoE| [ v]lUU% - |[ -| 0% -] |[
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Inefficient Code

28617Tms 1S00000 1: Drawing Chessoomrd

GameDeveloper

Conferance

1847768 1 Drawing Chasboard
BEE2 1 Drawing Chessboard
ISTIE 1 Drawing Chessboars
S0 1 Drwwin Chesabosrd

15435 1 Drawirg Chessbosrd
16370 1 Drawing Chessbosrd
BEM 1 Drawing Chessboard
FITD 1 Dravwing Chasstoard
10141 1 Crawing Chessboard
16E4E 1 Drowing Chessboard
B140 1. Driveing Cheszbosrd
BOTT 1: Drawng Chessboard

Total time—>
Input Assembly

Geometry—>

Shader=>
Texture—>

Raster Ops—>

Frame Buffer->
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Inefficient Code

= Adjust
render size, texture sizes, cull objects

Conferance
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GameDevelopers

Conferance

Inefficient Code
@ Still slow? CPU bound

« Redundant state setting, set texture calls

1n11 0§ e Mn12001 R0 TM2NY Efact s Sothatrivl TNNEESERR Mwnind 2E7000

Events
(<= be | Ft FL Dt DL ED| QY
EID Event StartTime Frame| Duration |FPS
a~
SI7 | | -URIZIU b6 DN ELLSDUEVILES . BEgI TS LTIl IooUIg20920 z
918 | | -=0x02991B20> ID3DXEffect::SetFloat{0x005F6104, 13.949f) 19801436160
919 --<0x02991B20> ID3DXEffect: :SetMatrix(0x005F60A0, 0x0012FA10) 19801448448 -
Q20 <0x02991B20> ID3DXEffect::SetMatrix{0x005F602C, 0x0012F200) 19801452544
0921 =0x02991B20> ID3DXEffect: :SetMatrix{0x005F5FBC, 0x0012F990) 19801456640
Q22 < 0x02991B20> ID3DXEffect::SetTechnique(0x005F5F38) 19801464832
923 --<0x02991B20> ID3DXEffect::SetVector{0x005F5F24, 0x0012F93C) 19801470976
924 =0x02991B20> ID3DXEffect::SetVector{0x005F5F18, 0x0012F914) 19801477120
WEFE] | - <0x029071B8> IDirect3DDeviced::SetRenderState(D3DRS_FOGENABLE, TRUE)  |IEEETETEEI N B
Q26 -<0x02991B20> ID30DXEffect::SetVector{0x005F5F00, Ox0012F904) 19301489408
027 :---{DXDEQD?IBB} IDirect30Deviced: :SetRenderState(D3DRS_CULLMODE, D3DCULL_C 19801493504
a928 =0x02991B20> ID3DXEffect::SetTexture{0x005F5EFD, 0x090CBATD) 193014995648
1010 l-User Event: Drawing Chessboard 19801667584 90865604

1021 RTRTTA
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Conferance

GameDevelopers|[

Inefficient Shaders

= Use a tool to analyze your shader

. Eﬂ Shader Performance"

4 B *
| @ Startup Form | == lambSkin.cgfx | 4 b %
© Analyze 3 Pass W e E e8| &
(ia) Compare Passes Run | ASM | Table Graph | Log Export ||Precision | Branches
Technigues: Version 163.20 -
TR — Cycles
| UntexturedVs o ke
. I_E D':' Mommal | FRtE oy
TexturedVS [ _ﬂn!erti_lrequ:ﬂ
| I ~NV30
S & (GeForceFX 5800 Ultra) |- fwa nfa Rk
UntexturedPS “NV35 i . ; F
— |GeForceFX 5900 Ultra) |43 nia nia nia
[ pl Va4 2 -
TexturedPS (GeForceFX 5200 Uitra) |1 nia i i
fl—= NV31 ; . ; .
B w0 (GeForceFX 5600 Uitra) i i
NV36 E
(GeForceFX 5700 Ultra) i nia nfa nia
Show: Fragment Shader x NV38
; - _(GeForceFX 5550 Ultra) L . N p A | .. N
Drivers: GPUs: NV4D R T 74 1 13 2105 | 2106 | 2106 | 2106
[¥] 18320 [¥] GeForceFX 5800 Utra (NV30) & (GeForce 6800 Ultra) 1 o | ome | e | me o | oow | oem | e [ 2108 | Ton | Tex | ox | 0%
(/] GeForceFX 3500 Utra (NV23) ~ NV0-GT P T R T | 1305 | 1305 | 1305 | 1305
W] GeFarceFx Uttra [NW34) (GeForce 6800 GT) 1 % 0% 0% % 0% 0% 0% o 1305 | o | e | om | %
V] Uitrs (NY31] NV40-12 1 e 1 1 1 | 1 i 3900 | 3800 | 3900 | 3900
L‘f_ = {GEFO‘I’{DE sﬂ{_ﬂ]l 1 [ 5. 41 P (15 (i 155 (i i | 3800 iy e s %
i  NV43-GT T i 1 1 1. | 4000 | 4000 | 4000 | 4000
[#] (GeForce 6600 GT) 1 o | 0% | o% | o% @ | o | oo% | ooe [4000 | o | em | 0w | om
J T (NV40-GTY 3 3 - LR . = ! MY e B O MY S WO Ly
e ! U NV44 1 1 1 1 1 1 1 1 1400 | 1400 | 1400 | 1400 |
!_{ = 0 (NV40-12) (GeForce 6200) 1 o 0% 0 i i iy o ow | 1400 | g 0% o o —
o W JA1 T G, g L 2 A = = £ = E | oy T e P T e Ry T e
Mo paan. GT0-GT gl a [ ETR [.] T [ 4 [ 4 [ 1 |izeq| 1730|1730 | 1730 | 1730
[ GeFarcs £200 (NVA4) (GeForce 7800 GTX) el B o | e | oo | oow | I | oo | o | v

FX Composer
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Inefficient Shaders

= Are you sure It is the shader?

ameecces 0 SWAP the shader for a simpler shader, did
that make a difference?

« Suboptimal code in inner loop
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Batch Sizes

« Small batch sizes are inefficient and hard
cameneeines 1O AEtECT

= Just because the batches are big doesn’t
mean that it is good either

Conferance

2400 4400 E400 a400- 10400 4200 I:I+'--I PerfHUD

WWW.GDCONF.COM



Summary

= Tools can be a valuable aid to quickly
determine root causes of a variety of
graphics problems

= Tools can cover a variety of debugging
levels, from high-level API issues to low-
level hardware issues
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Live Demos

« Microsoft - PIX for Windows

= NVIDIA - PerfHUD
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Q&A

Questions, Comments, Concerns?

Conferance
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Resources

= Tools shown today can be downloaded at:

Eﬁgmnljevel{;uers' @ AMD
@ http://developer.amd.com

@ Microsoft
@ http://msdn.microsoft.com/directx

» NVIDIA
@ http://developer.NVIDIA.com/
= The “PIXGameDebugging” application used
In this presentation is available as a d3d9
tutorial in the DirectX Software
Development Kit, March 2008 release.
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Resources

Recommended Newsgroups, sites, &
—orums

nttp://developer.NVIDIA.com/forums/
nttp://forums.xna.com/

nttp:// www.gamedev.net/
nttp://developer.intel.com
nttp://www.opengl.org
nttp://www.gremedy.com/

nttp:// www.acm.org

Conferance

@B ® 0 6 & ®
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