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® Entities GraphicsiE7

— Hybrid Renderer
— V1 Ship with MegaCity Demo
— V2 totally redesigned version
— A2 “pure” DOTS renderer
- Mesnh
- Material
- Shader

Unitye
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Entities Graphics{g{}

— SRP & V1

?

Unitye



® Entities Graphicsig1t

— SRP & VT
— Main thread build batches

— Slow constant buffer setup

— V1

Instancing shader variant broken

Specific ShaderGraph and material authoring
wWorkflow

Missing HDRP/URP features

Unitye



° Entities Graphicsfg7}

— Entities Graphics Goals

— New GPU data persistent model
Full access to all (HDRP and URP)

shader input data from DOTS C# code
Automatic delta update of DOTS ECS

chunks to GPU memory

— Persistent batches
— All batches are fully persistent.

— |terative batch changes: Added/removed
entities/components

Unitye



° Entities GraphicsZ2#3igit

— Traaitional Unity GameObject rendering

architecture

SRP frontend (HDRP & URP) GO instance data

Configurable render passes UnityEngine.Transform
Lighting & post processing MaterialPropertyBlock

Assets Unity graphics backend
Material SRP Batcher

Shader GfxDevice

Mesh Platform specific backends

Text
exture LOD

Culling
Setup GO data
Render

Built-in instance data

Unitye



° Entities GraphicsZ213i&it

— Unity Entities Graphics architecture

SRP frontend (HDRP & URP)

Configurable render passes
Lighting & post processing

Assets
Material
Shader
Mesh
Texture

Unity graphics backend

SRP Batcher (modified)
GfxDevice
Platform specific backends

visible indices

Setup ECS data
Render

ECS data

DOTS instance data
IComponentData

Built-in instance data
C# built-in data setup

Hybrid renderer
Burst C# LOD

Burst C# culling
Collect ECS draw data
Persistent batching

batches

Unitye



Entities GraphicsZefdizit

System Memory CPU execution GPU Memory

4 D
Per Object large buffer

4 ™ .
Unity Engine CH ‘dicated

properties
(objects
transform, etc)

-~-2 to setup
built in
engine

NG

% properties

dnoioiasispuayyoileg

( Material 1 |

. CBUFFER )
Only when material

[ Material 2 |
content change

N - >CBUFFER i\ Shader
Material ... code

| CBUFFER |

( Material n |
| CBUFFER |

Material 1

Material 2

Dedicated
code to setup
material data

Material ...

Material n




Entities GraphicsZefdizit

— Entities Graphics(Hybrid Renderer) is not a new renderer!
— [t's a new from DOTS to GPU

— Requires SRP Batcher

Unitye



® Entities GraphicsZ2fdig11

— Data Persistent Model
— Persistent Batches

Unitye



Data Persistent Model

Unitye



Data Persistent Model

>rLo¢p

PlayerLoop (1.47ms) |

.IEenﬁaphore.WaitForSibnaI (0.96msj|

1Behavi
urUpda

N

Unitye
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Scriptable Render Loop

— ScriptableRenderLoopDrawDispatch()

| )\ )

N

Unitye



* Data Persistent Model 7

SetShaderPass SetShaderPass
(large complete GPU (large complete GPU
setup) setup)

Standard Batch

Gather all built in data in
system memory and fill
Object CBUFFER

Upload Object SRP Batch
CBUFFER to GPU

Gather all material data Bind persistent Material
in system memory and CBUFFER

fill Material CBUFFER

Bind with offset Object
Upload Material data from a large

CBUFFER to GPU CBUFFER

Bind Material CBUFFER Draw Call
Bind Object
CBUFFER Shader Variant

break?
Draw Call

Material break?

16 Unitye



® Data Persistent Model

— Parallel Burst jobs write directly to GPU memory

- New ComputeBuffer SubUpdate mode: Pointer to
GPU memory (upload heap)

- No main/render thread processing of GPU instance
data anymore

- Data uploaded once per entity. No per viewport
entity constant buffer setup

Unitye



® Data Persistent Model

TR S
UpdateOldHybridChunksJob

— Parallel Burst jobs write directly to
mmandsromainThread (2.0ms)  0.736ms

GPU memory

Unitye



® Data Persistent Model

— Automatic delta update of DOTS ECS chunks to GPU

- Automatic CPU->GPU update of all IComponentData with
‘MaterialProperty] attribute

- Based on DOTS chunk.DidChange< > write access tracking

Unitye



Delta update

Chunk 3 (changed: NONE)

& : Components with

Chunk 1 (changed: O)
[MaterialProperty] attribute, copied to GPU

CPU only components

Chunk 2
(changed: OHG) : version number changed,

dirty data, memcopied to GPU

2 Unitye
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Persistent Batches
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° Persistent batches

— All batches are fully persistent

- Performance by default: Manual setup needed for Frozen
pbatches is gone

- Skip processing of chunks that didn’t change
— Iterative batch changes: Added/removed entities/components
- Batch capacity = sum(chunks.capacity)

- Empty slots at end of each chunk in GPU memory, just like in
DOTS ECS

- Advantage: ~ull batch rebuild is NO T needed when entity Is
added/removed from chunk

Unitye



® Persistent batches

— Burst C# parallel batch update jobs
- Main thread bottleneck is gonel
— DisableRendering tag component

- Use cases: sector based culling, optimizing
cinematics, etc...

Unitye



® GPU ECS data layout

— All GPU ECS data is in a suballocated giant ComputeBuffer

— Each property of each batch gets a contiguous range from the buffer,
with a contiguous sub-range for each chunk, one value per entity

— Data is persistent from frame to frame, no need to upload same
values each frame

Batch 1 Batch 2 Red & : Properties with per-
entity IComponentData

3 chunks 1 chunk

3 components 3 components Blue: Properties using shared material
default value

- I I |:I B

2 Unitye
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®* Performance

— Stress test scene
- 100K dynamic entities
- Animated: LocalToWorld and color
- Perfectly batched (single shader and mesh)

— Test scene with more shader and mesh variation under
development

- Will give more realistic results. Gains will be smaller.

Unitye



i
Performance

— Preliminary performance results
- Around faster frame time on high end laptops
- Around 30% faster frame time on Qualcomm/ARM mobile GPUs
- While using 2x-5x less CPU cycles

— Further optimizations in development

Unitye



Hybrid V1 performance (100K 7
dynamic entitiQS) using single mesh and single material

Unitye



® Hybrid V2 performance (100K
dynamic entitieS) using single mesh and single material

CPU:6.97ms GPU:--ms

»l-l-l-|3'5"\s-|-l-
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¢ Entities Graphics|EEEIE ’

— Batch Renderer Group
— Rewritten in unity 20221
— OpenGL ES 3 supported int 2022.2

Unitye



BatchRendererGroup API

unity



BatchRendererGroup API

var metadata = new NativeArray<MetadataValue>(length: 3, Allocator.Temp);

0x80000000 | _byteAddressObjectToWorld,};
0x80000000 | _byteAddressWorldToObject,};

metadata[@] = new MetadataValue {NameID = Shader.PropertyToID( name: "unity_ObjectToWorld"), Value
metadata[1l] = new MetadataValue {NameID = Shader.PropertyToID( name: "unity_WorldToObject"), Value
metadata[2] = new MetadataValue {NameID = Shader.PropertyToID( name:"_BaseColor"), Value = 0x80000000 | _byteAddressColor,};

m_BatchID = m_BRG.AddBatch(metadata, m_InstanceData.bufferHandle, (uint) BufferOffset, (vint) BufferWindowSize);

38



BatchRendererGroup API

public unsafe JobHandle OnPerformCulling(
BatchRendererGroup rendererGroup,
BatchCullingContext cullingContext,
BatchCullingOutput cullingOutput,
IntPtr userContext){...}

39
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Timeline

Main Thread

Render Thread

v Live

I=Sms ===
PlayerLoop (18.97ms) ‘
\ger.DoRenderLoop_Internal()>ullResuits |
UniversalRenderTotal (17.56rafupNode!
_RenderCameraStack (17.54n
tableRenderContext.Submit (°
ine.RenderSingleCamera: Ma
ite: UniversalRenderPipelineA
rawOpaqueObjects (14.26m:
erLoop.ScheduleDraw (14.2
erLoop.SchedlieDraw (14.2

wSRPBWSRPE VSRPEWERPE

I I

line.RenderSingleCamera: MahandsFroml
ate: UniversalRenderPipelineA WaitF or Sig
rawOpaqueObjects (11.24ms

CPU:21.36ms GPU:--ms
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Timeline

Main Thread

Render Thread

v Live
: |-1.0m5
PlayerLoop (0.91ms)
ar.DoRenderLoop_lntern
niversalRenderTotal (0.8
anderCameraStack (0.8
lerSingleenderContext.St
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salRen

amandsFromMarSingleC:
‘e.WaitForSignalrsalRendi

170.5ms :
(0+.FlushCounters (0
hMemoryCounte

ore.WaitForSignal
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DOTS Graphics|cE/RIE
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° DOTS Graphics|gE/RIE

— Batch Renderer Group
— Repo:

— Doc:

— Forum:

Unitye


https://github.com/vinsli/batch-renderer
https://github.com/vinsli/batch-renderer
https://docs.unity.cn/2022.1/Documentation/Manual/batch-renderer-group.html
https://docs.unity.cn/2022.1/Documentation/Manual/batch-renderer-group.html
https://forum.unity.com/threads/new-batchrenderergroup-api-for-2022-1.1230669/
https://forum.unity.com/threads/new-batchrenderergroup-api-for-2022-1.1230669/
https://forum.unity.com/threads/new-batchrenderergroup-api-for-2022-1.1230669/

° DOTS Graphics|EEEE

— Difference with DrawMeshinstanced

— DrawMesnlnstanced
— Upload matrices every frame
— Custom Shaders
— One Mesh/Material per

— BRG
— Upload once
— Support URP/LIt and HDRP/LIt out of box
— Muti Mesh/Material support
— Custom Culling

Unitye



