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Stat
Whole Draw Time
Wait FrameSync
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EndDrawUIOnRT
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GPUProfileResult AvgTime MaxTime

PreRenderLogicWork 0.00 ms 0.00 ms
QSGameRenderGPU 17.55 ms 24.30 ms
ScaleForm 0.02 ms 0.04 ms
QSSceneRenderer_RenderScene 13.96 ms 20.14 ms
RenderImpulse_RenderWater 0.00 ms 0.00 ms
RenderImpulse_RenderGrass 0.01 ms 0.02 ms
LightViewDepthConstruct 1.00 ms 2.39 ms
OpaqueShadow 0.34 ms 0.90 ms
SpeedTreeShadow 0.00 ms 0.00 ms
Render3dTrees 0.00 ms 0.00 ms
OpaqueShadow 0.16 ms 0.31 ms
SpeedTreeShadow 0.04 ms 0.05 ms
Render3dTrees 0.04 ms 0.05 ms
OpaqueShadow 0.14 ms 0.21 ms
SpeedTreeShadow 0.00 ms 0.00 ms
Render3dTrees 0.00 ms 0.00 ms
RenderBillboards 0.00 ms 0.00 ms
QSShadowVesturePolicy 0.22 ms 1.72 ms
SpeedTreeShadow 0.22 ms 1.72 ms
Render3dTrees 0.00 ms 0.00 ms
RenderBillboards 0.22 ms 1.72 ms
QSSceneQueryRenderer 1.68 ms 4.60 ms
depthlList 0.01 ms 0.01 ms
OcclusionList 0.00 ms 0.00 ms
DepthOnlyPass 0.24 ms 0.32 ms
UIDepth 0.23 ms 0.31 ms
OverHeadDepthMask 0.00 ms 0.00 ms
FillParticleTexture 0.01 ms 0.02 ms
GBufferConstruct 4.54 ms 7.47 ms
GBufferHair 0.01 ms 0.01 ms
GBufferOpaque 3.38 ms 5.89 ms
GBufferOpaquelnstancing 0.29 ms 0.39 ms
Makeup_Render 0.01 ms 0.01 ms
GBufferImpostor 0.16 ms 0.21 ms
GBufferSpeedTree 0.75 ms 1.01 ms
Render3dTree 0.55 ms 0.74 ms
RenderBillboard 0.20 ms 0.26 ms
RenderGrass 0.00 ms 0.00 ms
GBufferTerrain 0.21 ms 0.39 ms
GBufferRoad 0.00 ms 0.00 ms
RenderDecal 0.00 ms 0.00 ms
RenderShadowDecal 0.02 ms 0.11 ms
ScreenSpaceShadowMap 0.54 ms 0.72 ms
DeferrredLighting 4.25 ms 6.75 ms
DirectLighting 0.39 ms 0.53 ms
SkinLighting 0.09 ms 0.12 ms
RenderEmissive 0.10 ms 0.58 ms
LocalLight 1.16 ms 2.79 ms
SkyAndFog 0.57 ms 0.82 ms
TranslucencyRender 2.02 ms 2.83 ms
RenderWaterAndTranslucency 2.02 ms 2.83 ms
TransBeforeWater 0.00 ms 0.00 ms
RestoreRefraction 0.26 ms 0.34 ms
RenderWaterSelf 0.01 ms 0.04 ms
RenderWaterSelf 0.00 ms 0.01 ms
WaterRenderRef 1.65 ms 2.35 ms
RenderWaterSelf 0.02 ms 0.03 ms
RenderWaterSelf 0.00 ms 0.00 ms
TransAfterWater 0.07 ms 0.11 ms
QSoOuterGlowRenderer 0.00 ms 0.00 ms
ResidueEffect 0.00 ms 0.00 ms
Distortion 0.00 ms 0.00 ms
MotionBlurRenderer 0.00 ms 0.00 ms
QSWeatherParticle 0.00 ms 0.00 ms
LightShaft 0.00 ms 0.00 ms
PostFxHDR_Render 0.74 ms 1.01 ms
LensFlare 0.00 ms 0.00 ms
OutlinePass 0.00 ms 0.00 ms
OverHeadTranlucentPass 0.00 ms 0.00 ms
PostFxColor 0.00 ms 0.00 ms
QSUIMapCoverRenderer 0.00 ms 0.00 ms 3
PostFxAA 0.63 ms 0.85 ms 1
InterlacedRendering 0.00 ms 0.00 ms —:\
EndDrawUIOnRT 0.00 ms 0.00 ms ==
QSOverlay 0.04 ms 0.06 ms =

Present 4 A4 - 2.88 ms 4.75 ms




Shader instruction optimization case




_Point light renderinc




Point light optimization
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PUProfileResult
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Water reflection optimization

AvgTime
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Local Reflection
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RenderWater
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PostFxHDR_Render
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BloomBrightFilter
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BlendColorGradingRt
ToneMappingFinal
ReleaseLightShaftRt
LensFlare
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Quarter Buffer rendering of
transparent objects
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* Large-scale particle pler r‘

* Many partlcles malnly‘ ontain | enéifliormation



Quarter Buffer causes significant
aliasing

Full Resolution Quarter Resolution




Bilateral Filter




VolumeCloud QuarterDepth W UpSampIe

“aBuffer off 0.0ms 2.5ms 0.0ms 2.5ms
“Buffer on 0.05ms 0.8ms 0.15ms 1.0ms




Memory Optimization

&
TexturelName
WDatahScene’\Texture\NipMapChain. dds
Ecne
Bone
Econe

CWDatahScene\Texture\water rui 007 a. dds

data‘\Effects \WetWNormal. dds
data‘EffectsiLightninszMask. dds

OData’ Sceneh\TexturetDistortiondZ. dds

Data’Scenetyskvbox\moon. dds
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TexMen

|.ﬂDataﬂSceneﬂTextureﬁCaustics 0.
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Data’Sceneh\TexturehCaustics_Z.
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1 DET1
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RenderTarget allocation

* Use Pool to allocate
* Share RenderTarget
* Manage RenderTarget lifecycle

* Track RenderTarget allocation by name
* GC



/7e3 Buffer

With pre-exposed colorg /.




Visibility Optimization

Use Tag Visibility Test to greatly improve the efficiency of Visibility Test (by nearly 4 times)

Use Tag’ s Software Occlusion Culling , to clip invisible objects according to terrain, and greatly
improve the performance

Integrate the bounding box function within object to greatly improve the performance of home city
Speed Tree uses Tag Occlusion Culling to improve the performance



cclusion Debug View




Test results of Jiuhua area without Occlusion

tuder
Heighttap

MaxTime
0.00

QSSceneRenderer_RenderScene
LightViewDepthConstruct
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QsSceneQueryRendercr
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PoStEXHDR_Render
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Test results of Jiuhua area with Occlusion

Tilhe LocalLig

uProfileRes: AvgTime MaxTime
PreRenderLogicwork 0.00 ms 0.00 ms
GameRenderGPU 21 ms 12.83 ms
QSSceneRenderer_RenderScene 7.42 ms
ewDepthCanstruct 216 ms 217
0.00 ms

GetQueryData
QSSceneQueryRenderer 0.02ms
DepthoniyP 0.10
GBufferConstru

ScreenSpacesShadowMap

Deferrrediighting

FlowingLight

MationBlurRenderer

PoStEXHDR_Render

LensFlare

outl

OverHeadTranlucentPass

Postixcolor 000 me 000 me




Jiuhua Occlusion Culling Debug View

3015,2801

QSSceneRenderer_RenderScene
LightViewDepthConstruct

Postixcolor



Jiuhua data comparison

Parse

Occlusion Culling off 0.29ms 0.68ms 0.26ms 2.35ms 16.10ms

Occlusion Culling on 0.76ms 0.24ms 0.05ms 0.99ms 14.53ms 1.57ms
e TN T e RE L

Occlusion Culling off 1132884 129040 438958 518486 10.71ms

Occlusion Culling on 515151 71968 193032 203795 617733 9.2ms 1.51ms

Occlusion Culling off 1198

Occlusion Culling on 608 123 88 83 590



Test results of Hangzhou home city without
Occlusion Culling

ngles dra
indexs drawn
Triangles Terrain

aw Water R
peed Tree Cull
oraw PostProcess
Wait FrameSync
praw Lights

praw LocalLiath
present scene

oraw U1
GetQueryDatatime

QSSceneRenderer_RenderScene
LightViewDepthConstruct

Postixcolar



Test results of Hangzhou home city with
Occlusion Culling

764.00
ngles dra 3.63
indexs dravin
Triangles Terrain

aw Water R
peed Tree Cull
oraw PostProcess
Wait FrameSync
praw Lights

praw LocalLiath
present scene

oraw U1
GetQueryDatatime

QSSceneRenderer_RenderScene
LightViewDepthConstruct

Postixcolar



Hangzhou home city Occlusion Culling Debug
View

QSSceneQueryRendercr
v

reenspaceshadowMap
Deferrredighting

000 me



Hangzhou home city data comparison

Parse

Occlusion Culling off 0.51ms 0.61ms 0.78ms 3.53ms 21.91ms
Occlusion Culling on 1.35ms 0.03ms 0.10ms 0.59ms 16.50ms 5.41ms
Test Conditions Triangles Total | Triangles Triangles Triangles | Triangles | GPU Total | GPU Saved
Terrain Static Mesh | Speed Tree Saved
Occlusion Culling off 1546871 102128 952971 239556 13.92ms
Occlusion Culling on 408263 33536 259931 41463 1138608 9.83ms 4.09ms
DP Total DP Static Mesh DP Speed Tree DP Saved
Occlusion Culling off 2225

Occlusion Culling on 764 23 192 43 1461



Visibility Optimization

Use Tag Visibility Test to greatly improve the efficiency of Visibility Test (by nearly 4 times)

Use Tag’ s Software Occlusion Culling , to clip invisible objects according to terrain, and greatly
improve the performance

Integrate the bounding box function within object to greatly improve the performance of home city
Speed Tree uses Tag Occlusion Culling to improve the performance



cclusion Debug View




Test results of Jiuhua area without Occlusion

tuder
Heighttap

MaxTime
0.00

QSSceneRenderer_RenderScene
LightViewDepthConstruct

i
QsSceneQueryRendercr
DepthonlyPass
GBufferConstruct

ScreenSpaceshadowMap

PoStEXHDR_Render
LensFlare

Out

o
Postixcolor 000 me



Test results of Jiuhua area with Occlusion

Tilhe LocalLig

uProfileRes: AvgTime MaxTime
PreRenderLogicwork 0.00 ms 0.00 ms
GameRenderGPU 21 ms 12.83 ms
QSSceneRenderer_RenderScene 7.42 ms
ewDepthCanstruct 216 ms 217
0.00 ms

GetQueryData
QSSceneQueryRenderer 0.02ms
DepthoniyP 0.10
GBufferConstru

ScreenSpacesShadowMap

Deferrrediighting

FlowingLight

MationBlurRenderer

PoStEXHDR_Render

LensFlare

outl

OverHeadTranlucentPass

Postixcolor 000 me 000 me




Jiuhua Occlusion Culling Debug View

3015,2801

QSSceneRenderer_RenderScene
LightViewDepthConstruct

Postixcolor



Jiuhua data comparison

Parse

Occlusion Culling off 0.29ms 0.68ms 0.26ms 2.35ms 16.10ms

Occlusion Culling on 0.76ms 0.24ms 0.05ms 0.99ms 14.53ms 1.57ms
e TN T e RE L

Occlusion Culling off 1132884 129040 438958 518486 10.71ms

Occlusion Culling on 515151 71968 193032 203795 617733 9.2ms 1.51ms

Occlusion Culling off 1198

Occlusion Culling on 608 123 88 83 590



Test results of Hangzhou home city without
Occlusion Culling

ngles dra
indexs drawn
Triangles Terrain

aw Water R
peed Tree Cull
oraw PostProcess
Wait FrameSync
praw Lights

praw LocalLiath
present scene

oraw U1
GetQueryDatatime

QSSceneRenderer_RenderScene
LightViewDepthConstruct

Postixcolar



Test results of Hangzhou home city with
Occlusion Culling

764.00
ngles dra 3.63
indexs dravin
Triangles Terrain

aw Water R
peed Tree Cull
oraw PostProcess
Wait FrameSync
praw Lights

praw LocalLiath
present scene

oraw U1
GetQueryDatatime

QSSceneRenderer_RenderScene
LightViewDepthConstruct

Postixcolar



Hangzhou home city Occlusion Culling Debug
View

QSSceneQueryRendercr
v

reenspaceshadowMap
Deferrredighting

000 me



Hangzhou home city data comparison

Parse

Occlusion Culling off 0.51ms 0.61ms 0.78ms 3.53ms 21.91ms
Occlusion Culling on 1.35ms 0.03ms 0.10ms 0.59ms 16.50ms 5.41ms
Test Conditions Triangles Total | Triangles Triangles Triangles | Triangles | GPU Total | GPU Saved
Terrain Static Mesh | Speed Tree Saved
Occlusion Culling off 1546871 102128 952971 239556 13.92ms
Occlusion Culling on 408263 33536 259931 41463 1138608 9.83ms 4.09ms
DP Total DP Static Mesh DP Speed Tree DP Saved
Occlusion Culling off 2225

Occlusion Culling on 764 23 192 43 1461



Vegetation

Improve Billboard details

Integration of Billboard and
land surface

FarTree

Vegetation mirror

Optimization methods




Improve Billboard details
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Integration of Billboard and land
surface




FarTree




Vegetation mirror




Vegetation performance optimization

« Shadow Optimization
« CPU Optimization

« Data Optimization

* Occlusion Culling

« Memory Optimization
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CPU Optimization

e FreeAlloc and quick allocation releasing tree nodes

significantly improved the fluency

e Cache BuildinstanBuffer time has been optimized

and shorten from 7-8ms to 0.5ms

e Enabled compiler SSE optimization



getation Resource Optimization

Algzor: tha Al gorithe

Type Adaptive

ype Adaptive

Corners 4 Corners B

Add center None y 4 Add center Orientation

Flip None Flip

Nin area O Min area 0.001

Double~sided Double=xided

Creation Information Creation Information
© New mezh e 078 1en Vertices 4 © Kev mesh e Vertices
Triangl !

Triangles
Coverage 86.8311% ® Eeplace mesh

® Replace mesh

Coverage



Data Optimization

Secto
Colli
Colli
Showl

Navig

R Tree
NavFlgTr
Arealnde

DebugVis

T+ _eComp

Treellens

FPS :24.8

SystemMem : 2338.9 /487500,

VirtualMem
PeakMem : 3151.6
[EaMiEraPos : 211579.0, 139034.0, 19854.1
™3




Occlusion Culling
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Memory Optimization

 Used DefaultPool to allocate mapplng and reduce memory

usage

emory lexture
emory Alloctor
emory Vertex
emory Index

emory Texture
Memory Alloctor
Memory Vertex

emory Index

USTUAY

38.17 MB
30.88 MB
104.12'MB
1.52 MB

MemUsedAvg

37.82 MB
20.09 MB
11.45 MB
1.76 MB

38.17 MB
30.88 MB
104.12 MB
1.52 MB

MemUsedMax

37.82 MB
30.09 MB
11.45 MB
1.76 MB

0.00% {0.Bytes
0.009% [0 Bytes

9% of Total

0.00% [0 Bytes]
0.00% [0 Bytes]
0.00% [0 Bytes]
0.00% [0 Bytes]




FarTree Performance

GPU performance without FarTree GPU performance with FarTree

verneaavep
GBufferConstruct
GBufferHair
GBufferOpaque
GBufferSpeedTree

GBufferConstruct 10.37 ms
GBufferHair 0.01 ms
GBufferOpaque 4.17 ms
GBufferSpeedTree 1.44 ms

GBufferTerrain
GBufferRoad
RenderDecal
RenderShadowDecal
ScreenSpaceShadowMap

GBufferTerrain 4.65 ms
GBufferRoad 0.01 ms
RenderDecal 0.01 ms
RenderShadowDecal 0.00 ms

® GPU overhead increased 0.5ms
® CPU overhead increased 0.5-1ms

& The number of trees increased from 2-3000 to 50-90k, significantly

increasing the scene content



Low and medium configuration
optimization

* Tree replacement re¢—

» Halved the texture s[ESSS
mapping by 4 times

« Reduced the numbe
» Decreased the show

— head
& reduced memory for

des
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Final results of far vegetation




Flowers




Wheat fi

R

eld

peedTreeDetail
Stat

ree Culling
UpdatelnstanceBuffer

UpdateBillboardInstanceBuffer

AppendInstance
TreeSetExtent
TreeSetInstance
FineCull
BuildCellInstance

~|AllocTreeNode

FreeTreeNode
Grass Culling
Grass Rough Cullin
Grass Fine Culling
Grass SetInstance
Grass SetExtent
Grass Updatelnsta

':'_,4 GC Time

JICalcExtent

SplitCell

VAap' t|Grass Mem
"iMemory Texture

Memory Alloctor

\"’Memory Vertex Gr

iIMemory Instance
Memory Index

“IMemory PixelShader

“Memory VertexShader

15 |Stat

Grass Num
Triangles Draw
Drwa Primitive Num
Tree Total Num

\|Grass Total Num

Tree/Grass Instance Num
Vest Cell Num

Vest Triangles Num

GBufferConstruct

GBufferHair
GBufferOpaque

CallCount
1.00
5.00
0.00
0.00
1.00
1.00
1.00
0.00
0.00
0.00

GBufferOpaquelnstancing

Makeup_Render
GBufferImpostor
GBufferSpeedTree
Render3dTree
RenderBillboard
RenderGrass
GBufferTerrain
GBufferRoad
RenderDecal
RenderShadowDecal
reenSnaceShadowMan

879.00 KB
1.58 MB
0.00 Bytes
0.00 Bytes
Average
4.00
829817.00
110,00
22409.00
460.00
59150.00
0.00

0.00

IncAvg

a7
.67
00
.00
07
00
11
00
00
00
7.76
0.00
0.66
0.18
0.00
0.03
6.52
6.28
0.22
0.02
0.51
0.02
0.00
0.00
Nn.A5

OO0 00 =OQ

879.00 KB

ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms

1.58 MB

0.00 Bytes
0.00 Bytes

IncMax

1.17
2.81
0.00
0.00
0.14
0.00
0.18
0.00
0.00
0.00

10.47 ms

0.00
1.18
0.54
0.00
0.05
8.89
8.58
0.30
0.03
0.83
0.11
0.00
0.01
n.an

ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
mes

ms
ms
ms
ms
ms
ms
ms
ms
ms
ms

al
Bytes]
Bytes]

Bytes]
Bytes]

0.00% [0 Bytes]
0.00% [0 Bytes]
0.00% [0 Bytes]
0.00% [0 Bytes]




Impostor Rendering
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Basic ideas

« Offline Texture Generate
« Same objects share the same texture
* Instance finished at one time, and every object is a patch



Moonlight Blade requirements

* Not need to load the entity of small objects
» Fully automatic Cook Impostor Texture

« Offline Impostor taking over the rendering of all small
objects

« Use one DP to draw all small objects



Imr ostor Pract
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Home city performance test

* Entity number

* Memory

« CPU time

« GPU time

« Graphics card load
« Culling

» Reflection



Entity number

« Decreased from 2206 to 1971

#| Property Sheet o T S
el el B Search 3 [ Simple View D
Show. .. Hide...
stat [render [runti |engi @ P— Value -
Show ° 4 QSEngineConfig
GeRuntimeConfig RenderUI True
GeRuntimeStatistic ShowaAndSaveDefaultLevelConfig || False
QS53DUIRenderConfig 4BaseConfig 1
QSEngineConfig GCFreq 1
QSRenderCon.ﬁgMgr StreamingEntitySize 15.00000 3
QcRendersiatishs ForceStreamingTime: 0.50000
QSStatMgr R . R
RenderEventMgr ForceStreamingEntityRadius 10.00000
SmallEntityRadius 500.00000
MiddleEntityRadius 1000.00000
LargeEntityRadius 2500.00000 _—
HugeEntityRadius 6400.00000
SmallEntityMagicValue 0.02000
MiddleEntityMagicValue 0.01000
LargeEntityMagicValue 0.01000
HugeEntityMagicValue 0.04000
FPSLimit 60.00000
FrameTimeLimit 0.20000
LevelLoadSectorRange 15
LevelLoadEntityRange 6 -
mBaseConfig.mMNumEntityLoaded, Type=UIntProperty, ContainerSize=0, Containerlndex=0, MyBase=0x11cfcOdc, Obj=0x11cfc0c8, multi=C




CPU time

 MeshListParse saved 0.36ms
« Gbuffer saved 0.65ms

Mesh List Parse Time
GBuffer Opaque
GBuffer Terrain
GBuffer SpeedTree

Mesh List Parse Time
GBuffer Opaque
GBuffer Terrain
GBuffer SpeedTree




GPU time

GBufferConstruct
o G BUffe rO paq GBufferHair
GBufferOpaque

GBufferOpaquelnstancing
Makeup_Render

GBufferImpostor
GBufferSpeedTree
GBufferTerrain
GBufferRoad
RenderDecal
RenderShadowDecal

-

GBufterConstruct
GBufferHair
GBufferOpaque
GBufferOpaquelnstancing
Makeup_Render

GBufferImpostor
GBufferSpeedTree
GBufferTerrain
GBufferRoad
RenderDecal
RenderShadowDecal




Graphics card load

Iriangles Terrain
Triangles Ocean
Triangles StatiMesh
Triangles SkinMesh
Triangles Water
ITriangles Particle
Triangles SpeedTree
ealtime Impostor Num
yfline Impostor Num
)P Terrain

)P Ocean

)P StaticMesh

riangles Terrain
Triangles Ocean
Triangles StatiMesh

riangles SkinMesh
Triangles Water
Triangles Particle
riangles SpeedTree
Realtime Impostor Num

ffline Impostor Num
DP Terrain
DP Ocean
DP StaticMesh

76080.00
0.00
1723201.00
112347.00
6.00
0.00
97660.00
0.00
$1180.00
351.00
0.00
791.00

69496.00
0.00
2207019.00
104923.00
6.00

0.00
99180.00
0.00

0.00
335.00
0.00
1050.00




Culling

« Impostor adding additional visibility needs 1ms
* Not Load far entity

» Raster Obb time reduced from 2ms to 0.5ms!!!
« Basically the same



Reflection

» CPU time saved O SR

RenderWaterAndTranslucency

o GPU time Kaly/ ave e l[JIE)udFa’:TeWave

:szti::zf: (L;: RestoreRefraction
RenderWaterSelf
RenderWaterSelf
WaterRenderRef
RenderWaterSelf

WaterRef Te
Draw Opaqu
Draw Terrai
SourceCurrentDraw Impostor Refelect

CNDODOOOONDO

Water Refelect
WaterRef USTranslucencyRender

waterRef Op ResidueEffect

WaterRef Te: RenderWaterAndTranslucency
UpdateWave

InvFFT

RestoreRefraction
RenderWaterSelf
RenderWaterSelf
WaterRenderRef
RenderWaterSelf

Draw Opaqu«

Draw Terrair
SourceCurre

CNDODOOOONOQ
CWOOOOO W



Hidden Buff of Reflection

» Thinking out of the box

« Reflection and main Camera clipping together

* Results
« Reflection and main Camera shared the results of Culling
« Reflection and main Camera shared Instance Buffer filling

« Reflection and main Camera became two unions, the
performance will double when using head-up camera®

Whole scene reflected Impostor

. Phllosophy behind

« Seek common ground



Offline Impostor summary

* Increased the content of far scenes
- Drew more graphics, but brought better performance

 Graphic quality slightly degraded, but is still acceptable at
a far distance coupled with fog

« Has passed the third test



Data Optimization

* Product-oriented
» Definition of appropriate resources

» In-depth analysis of gameplay concentrated
areas

* Very good output



Data Optimization

« Rocks with mixing textures

* Model LOD

* Internal bounding box
 Vegetation data optimization



Rocks with mixing textures

Before

After




Model Optimization

- LOD

Most models have lod, because the feature of lod/pop switching is not
enabled

« Dongyue case was quite a shock, so we decided to enable lod
« Successfully resolved the problem of lod switching (screen door)

« The hair occupied too much two-sided triangles
« Simplified, and enforced CW at a far distance

« Two-sided texture
* Only a small part of model require two-sided texture

 AlphaTest

« Only a small part of model require alphatest to split the models



Internal bounding box




Vegetation data optimization
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Results of data optimization

e First solved

 Brought cor
» Shared the {

teams

d art
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