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Introduction

3 | DIGITAL DRAGONS | 2019



AMDZ\

lteration time Is critically important

Good engine Is not about awesome renderer.
It's about tools — like convenient editor.

 Shorter
« Good
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Everyone benefits

Easier to search for bugs and performance optimizations —
benefit for:

« developers

oQA

« external partners
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Part 1

Basics
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Options (1)

Provide configuration options:

: Windowed / Borderless / Exclusive fullscreen
On/Oft
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Options (2)

. Important for GPUs with little memory

e texture (linear vs anisotropic): impacts
performance

Disabled/2x/4x/...

« (extra)
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Ways to provide options

Some may be to end users.
* In-game menu
« launcher window (e.g. Unity) or separate app

Some may be

* In-game developer/cheat panel

* In-game console (e.g. Unreal Engine)
« command line options

« configuration file, Windows registry
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Options

GRAPHICS OPTIONS

GRAPHICS APl DIRECT3D 11
RESOLUTION:  2560X1440 (16:9)
WINDOW MODE:  FULLSCREEN
MAX 3D RENDERING MPIX: 2.1 (HD 1080)
MULTI-SAMPLE ANTIALIASING:  MEDIUM (4X)
ENABLE V-SYNC:  [J
TRIPLE BUFFERING: W
SCREEN WIDTH:
SCREEN HEIGHT:
FIELD OF VIEW: [ 5550
PERFORMANCE o

COLOR OPTIONS

The Talos Principle — in-game options
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Options

Mew Unity Project Configuration

Graphics | Input

Screen resolution | 2560 x 1440 []windowed

Graphics quality Fantastic

Display 1

Unity launcher window
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Options
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IA
M
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ADVANCED SETTINGS
Anisotropy:
Anti-aliasing:
Texture quality:
Shadow quality:
Render resolution
Terrain quality
Tree range
Particle density
Grass
SSAQ quality
Reflections quality
Water quality

Debug Settings:
Render: auto

off 2X 4X 8X

HQTAA SSAA: None

low medium

min low medium high

* Resolution| 2560 x 1440

Full window

v~ Sound Speakers Default

i H U N D E R Graphics: min low medium high max movie &

I Small shad
_ Terrain deformation
f— Tire tracks
_ Foam quality
_—t Cloud quality (in flight)
_ Clouds (on ground)

}— Displacement:

very high

() pownloading files... Establishing connections...

WEBSITE REGISTRATION EU

very high

very high

very high

_|.
l_

_|.

VR mode

= English A X

Shadows

Object shadows
Shadows on effects
Advanced shore
Haze

Soft particles
Terrain far details
Lens flares
Suspension Animation
Detailed foliage
Antialiasing of trees

N RINKNKKNNARNANANK

JPEG screenshots

Old videocard support

PLAY

War Thunder — custom launcher app
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Options

nme

Stat DUMPHITCHES
StatDDC

Stat D3D11RHI

Stat CPUStalls

Stat CPULoad

Stat Compression
Stat Component
Stat CommandListMarkers
Stat CollisionTags

Stat Collision

Stat Canvas

Stat AudioThreadCommands
Stat Audio

Stat AsyncLoadGameThread
Stat AsyncLoad

Stat ANIM

Stat AlCrowd

Stat AlBehaviorTree

Stat AI_EQS

Stat Al

[85 more matches]

executes dumpstats on hitches - see log
Shows Direct3D 11 stats

Stat CPULoad (Shows CPU Utilization)

> stat /!

Unreal Engine — in-game console
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Options (3)
On/Off/quality level:

* user-facing
* number of objects (e.g. grass distance)
« shader complexity (e.g. water quality)
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Options (4)
On/Off/quality level:

* Internal
« CPU workloads
e Graphics
« GPU compute

On/Off
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Correctness/stabllity

“Safe mode”
e single threaded

« D3D12, Vulkan®: additional

« useful for debugging visual corruptions and GPU crashes
(TDR)
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Developer Game Build

* works as (without Steam, no UWP)

« works , N0 connection to server required
« Server often down or incompatible during development.
« Users may be behind restrictive firewall/VPN.

* no DRM/anti-cheat/anti-piracy (like Denuvo) @

* Provide of available settings, cheats, god mode.
* Provide for various locations.

17 | DIGITAL DRAGONS | 2019



AMDZ\

Loading Time

Short IS critical.
¢ simple with just few objects
* |oading should still be fast

« performance of also important
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Benchmark Mode

testing (continuous integration)
correctness
performance

testing
your developers

QA

[van Valburg]
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Benchmark Mode

« launched with special command line
— scripted camera flythrough

« graphics
« gameplay logic?

« every run calculates and shows the same

Extra: minfps=27.7
* ends automatically avgfps=

score=1l882

* measures performance, writes results to text file |
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Part 2

Advanced

Beware! Code ahead.
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In-Game Profiler

and average
— time of render passes

If not available, you can measure frame times DX11 AP

with OCAT. [OCAT] Neea—

00 [ }
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FPS and beyond

« Statistical measures — avg, min, max, percentile (1%, 99%)
« Catch spikes

« Draw frame histogram
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In-Game Tools

Debug modes for visualization of e.g. ambient
occlusion only.

* Pixel inspector window
« Way to distinguish NaN, INF from 0, 1

Source: docs.unrealengine.com
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Debug/Validation Layers

 OId APIs ( ). any function can return error.

* New APIs ( ). no error checking.
« Debug/validation layer can be explicitly enabled.

« Use them in regular testing.
* Require to pass on all APIs.
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Debug Layer — Direct3D 11, 12

DirectX Properties

Nirect3D 101112  Direct2D

04l )
is list is shared by all Directx =

CComPtr< > debug;

if(SUCCEEDED(D3D12GetDebugInterface(
IID PPV_ARGS(&debug))))

debug->EnableDebuglLayer();

warning  []Message

Mute Message ID

DO0o000000002

ings
vel limit: |Monme ~ | [ ]Disable Feature Level Upgrade
l:‘ Force WARP

dxcpl
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Debug Layer — Direct3D

Find Symbol Results Package Manager Console  Call Hierarchy [8MGIN8 Breakpoints Exception Settings

Visual Studio — Output
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Debug Layer — Direct3D

Output

rtual addre

rtual addre

Find Symbol Results  Package Manager Console  Call Hierarchy [Nssi8 Breakpoints Exception Settings

+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1
+ 1

DebugView from Sysinternals
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Validation Layers — Vulkan®

« enable programmatically or
e set VK_INSTANCE_ LAYERS=VK_LAYER_LUNARG_standard validation

 messages delivered as callback
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Driver Bug?

OGL, D3D11:
« driver handling complex logic
« crashes not expected — If crashed, very likely

Vulkan®, D3D12:

« game/engine responsible for most logic
APl is low level, driver is thin

 If crashing, most likely
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GPU-Assisted Validation

« Available in Vulkan ("GPU-assisted validation™) and
Direct3D 12 ("GPU-based validation™).

« Enabled programmatically or externally.
* Injects additional code to shaders.

* Finds bugs in dynamic resource indexing - useful for “bindless”.
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Tools — RenderDoc

[RenderDoc]
Alternatives: Nvidia® Nsight™ Intel® Graphics Performance Analyzers (GPA)
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Tools — PIX

B miniengine.pix3 X

bug

Events

Jueue

Queve ID  Global ID PSPixeisOut  VSVerticesin  ClippedP:

119 rawindexedInstanced

) DrawIndexedInstanced
windexedInstanced
DrawIndexedInstanced

DrawlndexedInstanced

X0 ms / 1.90 ms

CENMERE R ¥ 3 N 3 X : L

AMD: CoborButter
AMD: ComputeShades
AMD: DepthAndStencil
AMD: GeometryShader
AMD: GlobalMemory

x Ly L

» AMD: HulShader
v AMD: PixelShad,

[PIX]
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Tools — Radeon GPU Profiler

Wavefront occupancy Event timing Pipeline state

Color by API shader stage GCN shader stages Zoom to selection Resetzoom | @ 484 vkCmdDrawIndexed(2397, 3, 0, 884792 I
0 clk 1,875,000 clk 3,750,000 clk 5,625,000 clk 7,500,000 clk 9,375,000 clk 11,250,000 clk 13,125,000 clk 15,000,000 clk 16,875,000 clk 18,750,000 clk 20,625,000 clk 22,500,000 clk Launched from Queue index 0
\H|\H\lHH\HH‘HHHlH‘ ||| 1009 Start time 4,590,035 clk
End time 4,669,138 clk
Duration 79,103 clk
Work duration 79,103 clk
Hardware context 5

soydesn

Wavefronts

GCN wavefront distribution:

50% 5urfS wavefronts -
PrimS wavefronts -
75% IVS wavefronts 49 (41.18%)
PS wavefronts 70 (58.82%)
100% CS wavefronts -

8ndwod duAsy

Total wavefronts 119

Wvs TCS & TES s [MFs cs Total threads 5,658

Color by command buffer Event filter Duration filter L ‘

WA 1186 1203 1236|1240 N 1398 1404 1413 1416 i -
Hill T

| i prr A —— |

GCN shader stage timeline

API Shader VGPR SGPR Occupancy
Vs 39 (40) 29(32) - 6/10

TCS

TES

GS - -

FS 39 (40) 36 (48)

cs - -

Workload
Shader stages

e = ® ¢

Input primitives

Shaded vertices

Shaded control points
Tessellated vertices
Shaded primitives

Shaded expanded vertices
Shaded pixels

v
Generated unique colors per command buffer. 484 vkCmdDrawIndexed (2397, 3, 0, 884792, 1030) | Selection duration: 79,103 clk | 23,815,328 clk
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Tools — GPUView

Hardware Queue
E)

#241, Time=2703488 (270.5458ms). 3.7
Hardware Queue

Copy

Hardware Queue

Copy

#=0, Time=) (0.0000ms), 0.00%

Hardware Queue

Flip Queue [0]

|
[l [l 1
phoi= O FFFADEZTEDT4130 186] |[E=rashors Do FrrADEZTES02120 (B8] | [E=rashor O FrrADE TE988380 (58] |[E=ashors DerFErADEZ ED 2130 (B7) [[Semaphore GxFEFFADEZTES08130 (57 IE v= O FFEADE2TE585580 (57) [[E=rasrore DxFFFFADEZTEOT4130 155)
- .

=< Fence OxFFFFADEZTCEASICD (5807) Jonitores Fence OxF FRFADEZT CEABICO (5810 ffiAonttored Fence OxF FEFADEZ] CEABSCD (5913 [{onitores Fenoe xR FRFADEZT CEABSCD (251) JMontores Fence OxFFFPADEZTCEABSCO Bore) Il |
1 1 1 | 1 1

— ‘ : ‘ s I
O | T | ) [Ssmaphors GFFFPACEETE00A883 (195 | [Esmaghors SYPPPFADEZ7E00RG80 (187 | emaphors GaFFRPADEZTS00AGEN [156) | ermaphars GuFPFPACEZTEC0ABR0 (98]
B T e ) e e e e ) e gy e Sy T e e e R e L R L . B

ored Fence 0xFFFFADSZTCEABICD (5302) | [Monitores Fence 0xFFFFADSZ7CEABICO (530%) | [Monitoras Fance OxFFFFADSZ7CEASICO (3308) [Manitored Fence DxFFFFADE27CEABICA (5311)| |Monitored Fance GxFFFFADB27CEABICO (5314) | Monitored Fence OxFFFFADSZTCEABSCO(SSTD || [ |

1 1 1 1 1 |

raphore OXFFFFADE2E508130 (65) I [ [Semashore OxFFFFADB27ED74130 (85) [ [5emaphore 0xFFFFADS27E308120 (95) phore OxFFFFADE2TBS08SE0 (05) [[semaphore OxFFFFADEZTBDT4130 (87) I re OxFFFFADE2TBS08130 (87) [[5emaphore 0xFFFFADB27B988360 (87)

[Monored Fenoe OxFFFFADBZTCEABECD (5901) JMonitores Fence OxFFFFADSZTCEASICD (5904) [lMonitored Fence OxF-FF-FADEZT CEABICU (5807 fiiMonitored Fenoe DxF-FFFADBZ] CEABSCD (5910) ] Monitored Fence OxFFFFADEZTCEABSCU (5815) [Monitored Fence OxFFrrADszicersscoceo ol K |
I | | | I i |

04520 o 0 (183 a4 g g 0AS80 0 1 0
_I ot SOFFPEADEITECUASED (125 | [Eemaphors D FEADETTEDUAGHD (155 | [Comaphie G FFFAGETTE00A0A) (150 | [emaphiors GeFFEFADETTEDOAES) (125 | [emapiors BXPFEFADESTEDOMER) (185 | Isemaphors DFPFRADEREDOAGED (157 | Eemaphar GiFFPFAGETTECOAEE) (15)
[~ Jifonores Fenoe DEFFFADETTCEASICO (5900 Wiloriors: Fence OxFFFEADEZ CEASICE (E50%) Roniord Fence O<FFFEADEET CEASICD (5200 ffaiore Fence G EFFADETTCEASECD £508 Wloores Ferce G FFFADEITCERGIC) (B0 Jioniows Fene bFFFADECOSTO o fl ——————————— 1
|

[GPUView]
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Debug Markers

 Aka “labels”, “annotations”

 Wrap with Begin...End
markers with custom names.

« Give names to ]

« Supported by many tools.
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w Fram
Fram
AP Calls
w Frame7428 6.83213E+17
6.83213E+17
WoarldTick

SendAllEndOfFramellpdates

DirectionalLight2_0
~ Volumetri
w InitializeVolumebttributes

||| [ Dispatch(60.3432 | 33155556

16614-16641

16642-16654 > Finallntegration
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Debug Markers

e D3D9+:

« D3D11.1+:

* Vulkan®:
« previously: VK_EXT debug_marker
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Debugging GPU crash/hang

Crash/hang of driver/GPU doesn’t crash whole system.
« Handled by Timeout Detection & Recovery ( ).

&3 Display driver stopped responding and has recovered
Display driver Iddmkm stopped responding and has successfully

recovered,

Difficult to debug.
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Debugging GPU crash/hang

« Solution: markers written on GPU between draw calls.
« After crash: inspect last written value, deduce culprit draw call.

 Vulkan®:
« Vulkan® + AMD:
e D3D12:

« D3D12 + AMD: breadcrumb markers in A eN)
« D3D11/D3D12 + NVIDIA: [Aftermath]
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Debugging GPU crash/hang

Heavyweight solution: record each draw call state to a blob.
« Support serialized states and draw calls.

 Recreate state, reproduce the crash.
 Even better: record command buffers.
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Conclusion
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Good Practices

« first stability, then correctness, then performance

« lest early, test often

 teston various GPUs
« AMD, NVIDIA, Intel
* low-end, high-end

« track regressions
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Conclusion

« (Good tools and short iterations time Is important.

 Ensure them with:
« development practices
e your code
« external tools

« Everyone benefits ©
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https://www.youtube.com/watch?v=6OVFbLnIFR4
https://github.com/GPUOpen-Tools/OCAT
https://gpuopen.com/gaming-product/amd-gpu-services-ags-library/
https://developer.nvidia.com/nvidia-aftermath
http://renderdoc.org/
https://devblogs.microsoft.com/pix/
https://gpuopen.com/gaming-product/radeon-gpu-profiler-rgp/
https://graphics.stanford.edu/~mdfisher/GPUView.html
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Disclaimer & Attribution

The information presented in this document is for informational purposes only and may contain technical inaccuracies,
omissions and typographical errors.

The information contained herein is subject to change and may be rendered inaccurate for many reasons, including but not
limited to product and roadmap changes, component and motherboard version changes, new model and/or product
releases, product differences between differing manufacturers, software changes, BIOS flashes, firmware upgrades, or the
like. AMD assumes no obligation to update or otherwise correct or revise this information. However, AMD reserves the right
to revise this information and to make changes from time to time to the content hereof without obligation of AMD to notify
any person of such revisions or changes.

AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE CONTENTS HEREOF AND
ﬁ\ISF%URMMEEI'INC)?\IRESPONSIBILITY FOR ANY INACCURACIES, ERRORS OR OMISSIONS THAT MAY APPEAR IN THIS

AMD SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY
PARTICULAR PURPOSE. IN NO EVENT WILL AMD BE LIABLE TO ANY PERSON FOR ANY DIRECT, INDIRECT,
SPECIAL OR OTHER CONSEQUENTIAL DAMAGES ARISING FROM THE USE OF ANY INFORMATION CONTAINED
HEREIN, EVEN IF AMD IS EXPRESSLY ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

ATTRIBUTION

© 2019 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo and combinations thereof are
trademarks of Advanced Micro Devices, Inc. in the United States and/or other jurisdictions. Other names are for
informational purposes only and may be trademarks of their respective owners.
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