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FORSPOKEN
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FORSPOKEN

« PlayStation5 / PC (Microsoft Store, Steam, Epic Game Store)
* Releasing on October 11t", 2022, by SQUARE ENIX

 PCversion
 Many AMD graphics feature
* Microsoft DirectStorage feature
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PARTNERSHIP WITH AMD

« Started collaboration in July 2021

e AMD support
* Ensure correctness of implementation
e Support for code modification
* Bug reports
* Regular performance checks

* Benchmark to track performance evolution

e AMD DevTech serves as the interface to the whole AMD team

AMDQ
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OVERVIEW OF AMD TECHNOLOGIES

* Luminous showed interest in our technologies for their game
* Forspoken is one of the games that use many AMD technologies in parallel
 Used on both PC and PlayStation5!

AMDQ1 AMDQ1 AMDQQ1
FidelityFX FidelityFX FidelityFX
Downsampler Ambient Occlusion Denoiser

AMDQ1 AMDQQ1 AMDIV
FidelityFX FidelityFX FidelityFX
Screen Space Reflections Variable Shading Super Resolution
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DISCLAIMER

 Whatis presented here is a work in progress at the time of the recording
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SINGLE PASS DOWNSAMPLER

* \ery easy to integrate: a single dispatch to
downsample to all mips

* Support for many downsample types (min, max,
average, etc.)

 (Completely customizable

* Performance improvements compared to multiple
draw calls/dispatches

* Downsample used at multiple places in the frame:

« depth buffer for screen space reflections
* color buffer for water refraction
« shadow texture for raytraced shadow mask

AMDA

FidelityFX

Downsampler

v Depth Mipmap
v 08 Depth min/max downsample
v SPD::ApplyDepthDownsampler0

5359 Dispatch(60, 34, 1)
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COMBINED ADAPTIVE COMPUTE AMBIENT OCCLUSION

 (CACAOQ is avery customizable SSAO solution

v 13 CACAO Filter

6988 ClearUnorderedAccessViewUint()

* Source code access — working togetheron a

modified version of this algorithm that o e e e an mipe
operates at a higher resolution to support 6990 Dispatch(480, 270, 1)

' ' : v~ 13.1.2 Prepare normals from input normals
Luminous Productions desired output 6591 Dispatch(450, 270, 1

(increased sharpness) v 13.3 $5A0 generation

6993 Dispatch(480, 270, 1
6994 Dispatch(480, 270, 1

)
)
' 6995 Dispatch(480, 270, 1)
* Currently executed in async compute 996 Dintatch(@50. 270, 1

v 13.4 Deinterleaved blur

AM D 6998 Dispatch(62, 47, 1

6999 Dispatch(62, 47, 1

)
)
7000 Dispatch(62, 47, 1)
7001 Dispatch(62, 47, 1)
v 13.5 Create output

Amblent OCC'US'OH 7003 Dispatch(480, 270, 1)
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Preyious_AO solution
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RAYTRACED AMBIENT OCCLUSION & DENOISER

 RTAO is used in conjunction with CACAQO to improve AO

v DrawMaskTexture(Shared)

« RTAO is done at lower resolution 6976 Dispatch(d8o, 270, 1)
* Create a mask (distance based) where raytracing will be done
* Tracerays

v~ 13 Raytrace AO
~ Raytrace AO inline(StaticPacked)

7006 Dispatch(480, 540, 1)

® D e n 0 i S e v DrawRaytrace Denoiser AMD FFX v1.1 Shadow
v PrepareShadowMask
* You can use AMD shadow denoiser for AO! 7008 Dispatc120, 135, 1

~ TileClassification

7010 Dispatch(480, 270, 1)
v FilterSoftShadows

e Currently takes roughly 2.3ms @ 4K output resolution on a Radeon™ 6900XT v Passd

7012 Dispatch(480, 270, 1)
v Pass1

7014 Dispatch(480, 270, 1)
v Pass2

7016 Dispatch(480, 270, 1)

1 1 v BlendTexture
| ' I | v 7018 Dispatch(480, 270, 1)

Denoiser

AMDZ1
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RTAO mask
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Denoised RTAO
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CACAO only
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CACAO + RTAO
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STOCHASTIC SCREEN SPACE REFLECTIONS & DENOISER

v 20 Stochastic screen-space reflection

« C(lassify pixels where ray marching is necessary

« Hierarchical depth buffer traversal (generated e a0
W I t h S P D) 5333 ClearUnorderedAccessViewUint() AM D

 Advanced denoising s CdarPssla) I:l d a | |tv FX

v 20.1.2.1 CS Downsample ) i Screen Space REﬂections

v SPD:ApplyDepthDownsamplerWithInlineCopy0

* Partnership: customized effect for Luminous

Engine « 20122 C5 PP DN ClasiyTies
«  More efficient intersection algorithm © 20.1.2.3 €5 FIX ONSR PrepareBluehoie
' 5342 Dispatch(16, 16, 1)
° More tempora”\/ stable denoiser v 20.1.2.4 CS FFX SSSR PreparelndirectArgs
* Improved classification 5344 Dispatch(r, 1, 1) AMDZ
v 20.1.2.5 CS FFX SSSR Intersection
5346 Executelndirect() F I d e | |ty FX
v 20.1.2.6 CS FFX DNSR Reproject
e Heavily customized for Luminous Productions S Denoiser
n e e d S : v 20.1.2.7 CS FFX DNSR Prefilter
¢ N ew e nVi ro n m e nt m a p fEtc h i n g v 20.1.2232[;2:)F(la[‘;cr‘:1éf(;ezsztl]\’l;)Temporal
* Incorrect occluder detection <352 Dispatchida0, 270, 1)

v 20.1.2.9 Create Output

5354 Dispatch(480, 270, 1)
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STOCHASTIC SCREEN SPACE REFLECTIONS & DENOISER

* InSSSR sample:
» Prefetch the cubemap in areas where SSR won'’t run (e.g., above threshold roughness)
« (Get SSRvalue and blend it with the environment map (cubemap) based on the confidence
* Denoise all

Color = Denoise(lerp(cubemap, SSR, confidence))

e Limitations:
* Only one environment map
* Environment map is a cubemap
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STOCHASTIC SCREEN SPACE REFLECTIONS & DENOISER

* InLuminous engine:
e Multiple environment maps blended with the SSR value with a weight (1 pass per environment map)
* Contains a brdf factor that we don’t want to denoise

n
Color = z brdf; X lerp(environment;, SSR, weight)
i=1

* How can we insert SSSR in their pipeline without modifying it too much?
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STOCHASTIC SCREEN SPACE REFLECTIONS & DENOISER

* |dea: denoise the confidence and use the current pipeline — create a custom version of SSSR

 Final version:
e Stay close to Luminous Engine pipeline
 (reate a custom denoiser that also denoises the confidence

n
Color = z brdf; X lerp(environmenti, Denoise(SSR), Denoise(conf idence))
i=1

* First modification of SSSR
* Do not prefetch the cubemap where rays aren’t needed — store a confidence of O

 New version of the denoiser
» Operates on color (float3) and confidence (float) — float4
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STOCHASTIC SCREEN SPACE REFLECTIONS

* SSSR stops when hitting an occluder

khit! axhit!

depth
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Default SSSR

i

gz AMDD
EEIE GPU Open AMD PUBLIC | GDC22 | BREAKING DOWN THE WORLD OF ATHIA | MARCH 2022




Default SSSR
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STOCHASTIC SCREEN SPACE REFLECTIONS

« When hitting an occluder, we can decide to accept the hit or pursue the ray marching (based on the
distance between the ray and the occluder)

e Entirely driven by parameters

Continue to correct hit
Ok

4xhit! /’reject

depth
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Default SSSR
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Modified SSSR
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Lummous Engine’s previous SSR
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SSSR without occluder rejectlon

T
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SSSR Wlthout occluder rejectlon
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VARIABLE SHADING

« Takes advantage of the Variable Rate Shading feature (tier 2) present on AMD RDNA™ 2 architecture
* Reduces the load on the pixel shader

* Uses the luminance variation within a tile from the reprojected previous frame to create the shading rate
texture

« Used for lighting which is blended to the render target

* Textures are at full resolution
— no impact to the output quality

AMDA

FidelityFX

Variable Shading
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Variable Shading Off
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Shading rate texture

1© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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Shading rate texture overlayed
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Variable Shading On
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VARIABLE SHADING
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HYBRID SHADOWS T DrmAteenture(Uniue

* Only use raytracing where it matters (e.g., in the 7599 ClearUnorderedAccess\ViewUint
p enum b ra regi on S) v RaytraceHybridShadowsAMDv1.0 ClassifyByShadowDirMask

7602 Dispatch(480, 540, 1)
v Raytrace Shadow inline(StaticPacked)

* Algorithm:

7605 Executelndirect()

* Create a mask to decide where it is allowed to trace a « DrawRaytrace Deniser AMD FFX v1.1 Shadow
ray v PrepareShadowMask
« C(lassification finds where a ray should be traced and 7607 Dispatch(120, 135, 1)

v TileClassification

where shadow map is enough
7609 Dispatch(480, 270, 1)
* Trace I’a\/S ~ FilterSoftShadows
* Denoise the result ¥ PassO
* Blend everything at the end 7611 Dispatch(480, 270, 1)

v Pass1

7613 Dispatch(480, 270, 1)
v Pass2

e Currently takes roughly 3.3ms @ 4K output
resolution on a Radeon™ 6900XT (before © BlendTexture
optimization) on the following scene

7615 Dispatch(480, 270, 1)

7617 Dispatch(480, 270, 1)
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RT shados Off
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‘R sadows Off
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| RT shadows On

© 2022 Luminous Productions o., Ltd. All Rights Reserved.
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RT shadows On

L \r\v‘“'

\‘-,,(r,‘_‘h(\\ ‘f ‘\\

(9

© 2022 Luminous Productions Co., L All Rights Reserved.

[ITTITY
AMDZ1 |

GPUODEI’] AMD PUBLIC GDC22 | BREAKING DOWN THE WORLD OF ATHIA | MARCH 2022 41



HYBRID SHADOWS

RT shadows Off RT shadows On

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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RT shadows Off
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RT shadows On
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FIDELITYFX SUPER RESOLUTION 1.0

Spacial image upscaling technique

v MultiScreenWriteBack

* Easytointegratein the Luminous Engine v AMDSuperResFilter::Upscale
* Decoupled rendering/output resolution 7728 Dispatch(240, 135, 1)
« MIP LOD Bias on the textures ¥ AMIDRCasFilter::Apply
e 2dispatches

7730 Dispatch(480, 270, 1)

. Eai://ffa??r?;e headroom for costly operations like AMDA
* Current gains in Forspoken: SU per R@SXUti on

» 21% faster in ultra quality mode (x1.3 scale)
» 26% faster in quality mode (x1.5 scale)

AMDQ

GPUODEI’] AMD PUBLIC | GDC22 | BREAKING DOWN THE WORLD OF ATHIA | MARCH 2022



FIDELITYFX SUPER RESOLUTION 2.0

* Brand new cutting-edge temporal image
upscaling technique

* Luminous engine supports:

e Temporal Anti-Aliasing AM Da
* Motion vectors buffer . .
* Decoupled rendering and output resolution
— Fast integration (less than a week) I ( I y

Super Resolution 2.0

* Gives more headroom for costly operations like
raytracing

AMDZ1
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AMD FIDELITYFX

AMDDU

e Effects & documentation are available on GPUOpen

EFFECTS TOOLS SDKS SAMPLES PERFORMANCE ~ DOCUMENTATION v

GPUOpen S

AMDZ1

FidelityFX

Create wonder. No black boxes.

 The source code for all the effects is available
under MIT licence!

 Don't hesitate to look into it and try them

* Contact your AMD DevTech engineer if you have
any question

AMDZ1 AMD1

FidelityFX FidelityFX

Contrast Adaptive Sharpening Variable Shad

AMDQ
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MICROSOFT DIRECTSTORAGE

* A high-speed /0 API compatible with Windows 10/11
» Specifically optimized for Windows 11

« Effectively manages small files as well

* Incredibly fast NVMe M.2 SSD (> 5000MB/sec)

* Many titles do not fully utilize its capability
CPU bottleneck issues
Most games have loading times of 10+ seconds

* Qurgame title, “FORSPOKEN,” supports DirectStorage
 Loading time is only one second!

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.

AMDZD1

GPUODEI’] AMD PUBLIC | GDC22 | BREAKING DOWN THE WORLD OF ATHIA | MARCH 2022




PC GAME LOADING TIME

[sec] mM.25SD mSATASSD mHDD
70
60
50
40 with DirectStorage
30
20

: 1l

: ]

Came A Game B GameC CameD FORSPOKEN

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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ASSET LOADING FLOW

... The loading of meshes, textures, and other files required by the game is scheduled.
Read File I/0 ... Files are read asynchronously through the Windows File System.

Accelerated by DirectStorage

... LZ format files are decompressed.

Accelerated by DirectStorage

Initialize or upload assets to GPU

Accelerated by DirectStorage

... The data are transferred to the GPU and
initialized to a usable format.

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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DIRECTSTORAGE ARCHITECTURE

Final (future) version DirectStorage API

Read files with
CPU decompression

CPU Game data

Game data
Upload buffers

(Mesh or materials) GPU buffers

Read files with
GPU decompression

Upload textures GPU textures

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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DIRECTSTORAGE ARCHITECTURE

Current version DirectStorage API

Read Tiles wit
CPU decompression

CPU Game data

Game data
Upload buffers

(Mesh or materials) GPU buffers

Upload textures GPU textures

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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ARCHITECTURAL COMPARISON
* Win32 Asynchronous 1/0

e Each file read necessitates synchronization https://docs.microsoft.com/en-us/windows/win32/fileio/synchronous-and-asynchronous-i-o

« ReadFile() with an OVERLAPPED option
ReadFile  ReadFile

Wait Decompression Signal Wait ~Decompression Signal

* DirectStorage
* Multiple queues can be created and executed in parallel
* Decompression support available
* |D3D12Fence can be used for synchronization
e Multiple read requests can be synchronized at once
* Optimized towards asynchronous, streaming

data transfers of file chunks from NVMe R — T Signal  Submit

Decompression
Decompression

GDC22 I BREAKING DOWN THE WORLD OF ATHIA | MARCH 2022
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https://docs.microsoft.com/en-us/windows/win32/fileio/synchronous-and-asynchronous-i-o

DIRECTSTORAGE API PERFORMANCE

* Event scenes from the game

© 2022 Luminous Productions Co., Ltd. All Rights Reserved. © 2022 Luminous Productions Co., Ltd. All Rights Reserved.
Scene 1 Scene 2
Amount of data to load: 20,000 files / 4.5GB Amount of data to load: 25,000 files / 5.5GB

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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DIRECTSTORAGE API PERFORMANCE

v, ’oooo,"

DirectStorage DirectStorage DirectStorage

M.2 SSD . > SATASSD g HDE

""”” “,"”' “,""J

- . .

WIN32 API WIN32 API WIN32 API

M.2 SSD e~ SATA SSD o HBD

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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DIRECTSTORAGE API PERFORMANCE

v' goooo :,

DirectStorage DirectStorage DirectStorage

M.2 SSD —C  SATASSD me e HDD

"’Y'!" “,Y'!", "’Y'f"

- . .

WIN32 API WIN32 API WIN32 API

M.2 SSD e C -+ SATASSD e HBD

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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DIRECTSTORAGE PERFORMANCE
» M.2 55D vs SATA SSD vs HDD (AMD Ryzen™ 9 5900X / RAM 64GB / Radeon™ 6800XT)

File I0 speed (with decompression) Actual loading time of the game scene
M.2 ssp(DirectStorage) |G /:20Vve/s M.2 ssD(DirectStorage) || 1.9sec
m.2 ssp(win32 API) | :c:V5/s M.2 ssD(win32 API) [l 2sec
SATA ssD(DirectStorage) || 97'v8/s SATA sSD(DirectStorage) || 3.7sec
satassp(win32 API) | s12vs/s SaTASSD(Win32 API) | 4 5sec
HDD(DirectStorage) [JJ 185MB/s HDD(DirectStorage) |GG s
HDD(Win32 API) ] 200MmB/s Hoo(win32 AP)) | 2 s

DirectStorage 4829MB/s > win32 2862MB/s DirectStorage 1.9sec > win32 2.1sec

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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DIRECTSTORAGE X GAMING EXPERIENCE

* Playable game scenes

7 © 20min0usPr0dctions Co., Ltd. All Rights Reserved. © 2022 Luminous Productions Co., Ltd. All Rights Reserved.
Scene 3 Scene 4
Amount of data to load: 18,000 files / 3.5GB Amount of data to load: 20,000 files / 4.2GB

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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DIRECTSTORAGE X GAMING EXPERIENCE

{ ' M00:00% l
—— N—
DirectStorage DirectStorage DirectStorage

M.2 SSD e ™ SATASSD Moo RDD
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- . S

WIN32 API WIN32 API WIN32 API

M.2 SSD e . SATA SSD cibeal 4 |LiD)

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.
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DlRECTSTORAGE X GAMING EXPERlENCE
{ ' ;oo 00" l

DirectStorage DirectStorage DirectStorage

M.2 SSD e SATASSD . N

!‘Cﬂ!"l “'W",l ",‘” ,

WIN32 API WIN32 API WIN32 API

M.2 SSD v~ SATASSD actaiie p(BiD)

© 2022 Luminous Productions Co., Ltd. All Rights Reserved.

[] GPUODEH AMD PUBLIC | GDC22 | BREAKING DOWN THE WORLD OF ATHIA | MARCH 2022 60



DIRECTSTORAGE ANALYTICS BY PIX

T7.300 ms 7350 ms T.AD0 ms 7450 ms T7.500 ms T7.550 ms T7.600 ms T7.650 ms T.700 s 130 300 Tns. o U 300 ni= 72950 m= S.000 iz 2050 0s S, T00 s =1 e =20 Ms
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DIRECTSTORAGE ANALYTICS

CPU usage

- 5%

: - CPU processing load is slightly reduced
o
dcinla UL . 3% - Latency to decompression is reduced

R o

Upload to GPU N 2%

Initialize asset

Request game assets

Decompression
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DIRECTSTORAGE DECOMPRESSION

. MB/s Compression Algorithm
 (ompression 3000 4
' ' . 3.5
* Files are pre-compressed using the LZ4HC algorithm 2500 5
e LZ4is an extremely fast decompression algorithm o 25
. .. 1500 2
e The current compression ratio is approx. 2.0 - 15
1
500 0.5
* Implemented using IDStorageCustomDecompressionQueue * les s ibLe) L
* Enables the implementation of your own decompression processing Decompression speed  ———Compression ratio
* Adjust the number of threads in decompression
e Too many threads will result in blocking other threads
£ AsyncFile Decompression Queue (336) 1 e e ||nm--5| L ] ||-|H|J||Ii u“lnﬁ““ T T TN w0 0 mn 1 i e et esbaell il | [
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& AsyncFile Decompression (28712) T T T I o (| o AR ol A VA B Pl i, v i o B el R AL S
# AsyncFile Decompression (19012) Al ke MW U S T T AT IV, [ ! v o B e, WY
& AsyncFile Decompression (18940) | AL L oy 1l W holl A ALY o DB A e U L | L Y N T L e T T L T
% PsyncFile.Decompression (30456) A AR bl aaks W | Gy [V g Y R g AR R R e, | | 1 v o 1 o ol JNMHWW%I
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DIRECTSTORAGE MULTI-QUEUE

* Direct storage supports multiple queues

* More efficient to prioritize files:
Level scenes are critical
Texture and mesh streaming data are of lower priority

* Four|DStorageQueue were used
*  2%-5% performance improvement

Level data ... Realtime priority

Some event data ...

Mesh, Texture, Animation and other data ... Normal priority

i
Q
=)
«©
-

Mesh and Texture streaming data ... Low priority
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GAME CPU BOTTLENECKS VS DIRECTSTORAGE 1/0

* C(Challenges to address in order to attain one-second loading time:

e (CPU time for smaller assets must be minimized
mimalloc is used for multithreading heap allocation

et ine e sl pona oo bemoks

* Filel/0 often has to wait for the initialization process to complete ¢ omswmmmon |
* No problem as long as file I/0 takes longer than five seconds e ——
 Attaining one-second loading time requires further optimization ::m:::”

* GPU decompression support is expected to bring some improvement . .ocmmemono

e ool b d | hsbeadll

ik iRl
0 Y o
U Ty
b, e, R

& AsyncFile.Decompression (30456) Wl R e SHR

& InitializeThread (13352) L] i " w0 b w1
' [ |
& InitializeThread (6792) dis ﬁ-h-"-'uV-Va IAﬁt L e T T ]
& InitializeThread (13624) wid L‘!I'JIL}HML-J- O Iy e T T 1]
n1

or
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DIRECTSTORAGE - NEXT ACTIONS

* QOurgoal of a one-second loading time was attained in some scenes
e The performance of the M.2 SSD is also sufficient

* While DirectStorage's performance is quite high, it is yet to be fully utilized
* Many non-1/0 CPU bottleneck issues still exist

* GPU Decompression support in the future
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THANK YOU!
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DISCLAIMER

The information contained herein is for informational purposes only and is subject to change without notice.
While every precaution has been taken in the preparation of this document, it may contain technical
inaccuracies, omissions and typographical errors, and AMD is under no obligation to update or otherwise
correct this information. Advanced Micro Devices, Inc. makes no representations or warranties with respect to
the accuracy or completeness of the contents of this document, and assumes no liability of any kind,
including the implied warranties of noninfringement, merchantability or fitness for particular purposes, with
respect to the operation or use of AMD hardware, software or other products described herein. No license,
including implied or arising by estoppel, to any intellectual property rights is granted by this document.
Terms and limitations applicable to the purchase or use of AMD products are as set forth in a signed
agreement between the parties orin AMD's Standard Terms and Conditions of Sale. GD-18
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