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Galaxy GameDev A~ 71|
GPU Watch A7}

Aah vz 7)1 AF, 0

)

o)

, 7352 g B
GPU/CPU H}#=2F?

Vulkan API

Vulkan 4 3} A} 2274

A skA k18 = A =8 =gk Vulkan & 4 3} WHH =
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Galaxy GameDev 47
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Partners

ACTION EElgElbﬂﬁé X netmarble

ATYPICAL (=) camELOFT @ NEXON . PR

Tencent Games

H® \jicrosoft < g vil® G-'T PEARL ABYSS

THE
COATSINK. v SECRET

POLICE

5% ~ : SUPER EVIL
CEEEN @ ) NCsoFT SQUARE ENIX. SUPER EVIL
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GameDev Programs

e Game Engine # 4 3}

o A 3}¥ Game Engine #|-&

e Galaxy Device U ¢

o AAd/NEHE QA S Hsl AT

e Workload & A5 A&
o AT F2 9] Balancing < 93l A&
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Galaxy GameDev 4~ 7}

» 2016 Epic Games, ProtoStar Galaxy S7 Collaboration
* 2016 NetGames, HIT

» 2016 Super Evil MegaCorp, VainGlory

» 2017 433, HeroDC

» 2017 Netmarble, Lineage 2: Revolution

» 2017 Nexon, AxE

« 2017 XL Games, Archeage: Begins

« 2017 Action Square, Blade Il

» 2017 Hound13, HundredSoul

» 2017 Square Enix, FinalFantasy XV Pocket Edition
« 2017 Croteam, Talos Principle

» 2017 Roblox Corporation, Roblox

« 2017 Doragon Entertainment, Danmaku Unlimited 3

Y #UE4| @UNREALENGINE

2017 GameLoft, Asphalt 8

2017 Cornfox&Bros, Oceanhorn: Monster of Uncharted Seas
2017 Deep Silver, Galaxy On Fire 3: Manticore!

2017 Digital Legends Entertainment, Afterpulse

2017 First Touch Games, Score! Hero / Dream League Soccer
2018 Tencent, Honor of Kings

2018 Pearl Abyss, BlackDesert Mobile

2018 Epic Games, Fortnite Battle Royale

2018 Amazon Lumberyard, Bistro

2019 Moai Games, TRAHA

2019 PUBG corporation / Tencent, PUBG MOBILE

2019 Tencent, QQ Speed
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G P U Wa-t C h gI;lle j\w{ggk (normalized)

Vulkan

FPS W 20 W 36 AVG CPU 1% GPU 94%

%XH FPS/ e
H FPS i

Profiling 3 1.9

Screenshot ﬁ :

3(63.6ms)

0 60 177447 T H156 '”
GPU profiling A X 0 :
- Renderpass = o
- GPU activity . L x
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GPU Watch

_ B¢ FPS
A FPS (8 4= 100 frames)

Frame drop
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GPU Watch

CPU AM-8-%F GPU A&
(normalized) (not normalized)
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GPU Watch

Profiling 7 2.9
Screenshot
i e
s
PR
Frame <~

Frame Rendering A 7}
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GPU Watch

-

S ———
GFps M 40 “ML56 VG CPU. HoNGRULTAY.
&

Render pass ¥ &

Draw call

Payload
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GPU Watch

Render pass Y1 &

.

S ———
GFps M 40 “ML56 VG CPU. HoNGRULTAY.
S y

Vertex activity

Fragment activity
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How to use GPU Watch

1. GPU Watch 7] 7]
2. Application A1 €

3. Rendering API A &
e (Vulkan / OpenGLES)

1. Application 2! 3}
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GPU Watch

Run Game !!
with
GPUWatch

—
|

1032 @

=0
oper options

1033 @
Select application

ung Internet
LPUWaicha
App 1o we

Rendering API

USB debugging

USB debugging

Bug report Bug report

Rendering API

ect mock location app

e full GN surements

surements
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e CPU/GPU Frequency s}
e FPSd}ef

FPS
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A5, B, e

Temperature

CRERE
e FPS/}s

Core Freq
e CPU/GPU Frequency ¢H4

. 23

FPS
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60 FPS
16.6 ms 16.6 ms 16.6 ms 16.6 ms
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60 FPS
16.6 ms 16.6 ms 16.6 ms 16.6 ms

y #UE4 | @UNREALENGINE @ UNREAL ENGINE



30 FPS - GPU Bound

33.2ms 33.2ms
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Al el -8t vh= &7

30 FPS - CPU Bound

33.2ms 33.2ms

» Kernel

T

CPU 3: [N Il NI | 1

CPU 4:
CPU 5:
CPU &
CPU 7
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Image from Pixabay.
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Vulkan API
Vulkan API &4
@GL@ TVuiic

o AASHA HEE 7}5
e CPUload ol&5

Q

n.

Application

Application

Vulkan APl &4

OpenGL Driver

e No driver magic Vulkan Driver

e Complexity GPU
e Longcode

GPU
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Fortnite Battle Royale

EPIC GAMES

e High Priority Create Thread

e Query Management

e Update DescriptorSet

Before

After

49 rps

53 FpPs

Note9 Adreno - Within Sustainable Power
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PUBG MOBILE

Tencent Games
e CPU Occlusion Optimization

e RHI Thread Enable

F-

[ /3 ' -
O FLAYERUNKNOWNS

A BATTIEGRO
Before After B
Up to 30 % Improved FPS

Note9 Mali - Normal Play Situation

e Bloom Optimization

P
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TRAHA

NEXON / MOAI GAMES

e Rendering Order

e RenderPass Load / Store

e Pending RenderPass / Clear

Before

After

35 Fps

56 FpPs

S10+ Mali - Within Sustainable Power

Y #UE4| @UNREALENGINE
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Create Pipeline

Make High Priority Thread

e 4,000 Create Graphics Pipeline
e 194,880 ms->119,283 ms (In Adreno)

61% Reduce Init Time

e 387,120 ms-> 172,812 ms (In Mali)
44% Reduce Init Time

Y #UE4| @UNREALENGINE

TaskGraphHP 4

TaskGraphHP 4 TaskGraphHF 6

Create in Big Core

vikCreateGraphicsPipefines
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Rendering Order

Optimize logic in DrawVisibleFrontToBack
e Draw Front Object First

e Draw Background Last
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Query Management

o U}E EAo 77 &A1 7F B-& 79 Occlusion culling ©] =&-°] = 4= )&
e Zdrawcall 3+ A&
e CPU/GPU load 7+ 2

e Vulkan < Query 52 X3} I} VkQueryPool A
e Vulkan = Occlusion Test & 9|3 VK_QUERY_TYPE_OCCLUSION #] €1

VkResult vkCreateQueryPool ( typedef enum VkQueryType (
VkDevice device, VK _QUERY TYPE OCCLUSION = O,
const VkQueryPoolCreateInfo* pCreatelnfo, VK _QUERY TYPE PIPELINE STATISTICS = 1,
const VkAllocationCallbacks* pAllocator, VK _QUERY TYPE TIMESTAMP = 2,
VkQueryPool* pQueryPool) ;

} VkQueryType;
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Query Management

e Query Pool A4
e vkCreateQueryPool

e Query £ ©]-&3l Draw Call
e vkCmdBeginQuery
e vkCmdDraw
e vkCmdEndQuery

o Query 23} 7} 7] B AHALE, A AEA
e vkGetQueryPoolResets
e vkCmdResetQueryPool
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Query Management

Occupied Query
B Available Query

N

Global Query Pool

INRRRRRRENNRRNNE

o AN A= Query ZHE 71A 2.4

ol
9

o
=]

o ©]Z]3 A E o] ©H 3} (fragmentation) A

Fragmented Query Pool DDDID
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Query Management

o 3O API 3352 o8] &3} Query A 2] 7Hs

VkResult vkGetQueryResults ( void vkCmdResetQueryPool (
VkDevice devic¥kCommandBuffer commandBuffer,
VkQueryPool queryPool, VkQueryPool queryPool,
uint32 t firstQuat$g t
uint32 t queryCount, firstQuery,
size t dataSize, uint32 t
void* pData, queryCount) ;
VkDeviceSize stride,

VkQueryResultFlags flags);

e |7 Query AL-E-Alol I} HSLE 9] 9] 3

e vkGetQueryPool Z 3} % vkCmdResetQueryPool S o] 2| & =& oF g

O

e 71 Pool ©] o}, Z} Frame w}t} % -8 Query Pool AF-&
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Query Management

Global Query Pool Dedicated Query Pool

Allocate a global QueryPool RenderFrame:

ResultList = Get all previous query results
RenderFrame: Reset the QueryPool

For i=0 to objects.size Get a free QueryPool
res = Get a previous query result For i=0 to objects.size
reset a query res = ResultList[objects.Queryldx]
if res is visible if res is visible
draw a object draw a object
else else
query for object qguery for object

Pseudo code

vkGetQueryPoolResults HU A ¢ vE 5= 1 frame ©f] 13]

vkCmdResetQueryPool 1 frame i 13
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Query Management

FPS H 16 AVG

FPS m21 A6l 30% 6(;:/6]—

Y #UE4| @UNREALENGINE

Wall Duration *

Occurrences ¥

Occurrences ¥

vkGetQueryPoolResults
vkCmdDraw
vkGetQueryPoolResults

vkCmdDraw

vkQueueSummit

vkCmdDraw

vkCmdDraw

vkGetQueryPoolResults

vkQueueSummit
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Update DescriptorSet

e 1] draw 7} t} UpdateDescriptorSets &=
e Texture, Buffer, Buffer Offset, Buffer View ¥ 73 & <]

typedef struct VkWriteDescriptorSet {
VkStructureType
const void*
VkDescriptorSet
uint32 t
uint32 t
uint32 t
VkDescriptorType
const VkDescriptorImageInfo*
const VkDescriptorBufferInfo*
const VkBufferView*
} VkWriteDescriptorSet;

Y #UE4| @UNREALENGINE

sType;

pNext;

dstSet;
dstBinding;
dstArrayElement;
descriptorCount;
descriptorType;
pImageInfo;
pBufferInfo;
pTexelBufferView;

I =

ofr

Name ¥

=
=3

vkUpdateDescriptorSets
vkCmdDraw
vkUpdateDescriptorSets

vkCmdDraw

vkQueueSummit

Wall Duration * Occurrences ¥
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Update DescriptorSet

Use DynamicOffsets on binding

Allocate a global buffer

Blnd Descrip‘torSe‘tS % O] %‘S‘H }\-] Use offset on VkWriteDescriptorSet
buffer offset °]-5 7}

void vkCmdBindDescriptorSets ( VkWriteDescriptorSet
VkCommandBuffer commandBuffer, offset=UBBase+UBSize
. . . . . . . . ) vkCmdBindDescriptorSets
VkP%pel%neBlndPomt pipelineBindPoint, vkUpdateDescriptorSets DynamicOffset = UBBase
VkPipelinelLayout layout,
uint3?2 t vkCmdBindDescriptorSets vkCmdDraw
firstSet, vkCmdDraw
uint32 t
descriptorSetCount, VkWriteDescriptorSet
const VkDescriptorSet* pDescriptorSets, offset=UBBase+UBSize
uint32_t vkUpdateDescriptorSets kade_BindDesc_riptorSets
dynamicOffsetCount, DynamicOffset = UBBase
const uint32 t vkCmdBindDescriptorSets vkCmdDraw

pDynamicOffsets);

vkCmdDraw
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Update DescriptorSet

e Texture, Buffer Handle & O|- &3l A
DescriptorSet Caching

e Bind DescriptorSetsE 0|23} A
Buffer Offset 0| &

e Update DescriptorSets @& AHA

FPS H 18 AVG

— m 22 av6) 269 SEAF Use Caching and DynamicOffset
0 o o
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Vulkan / GLES 7% 24 s 4
RenderDoc GameBench

TRAHA, © NEXON Korea Corporation & MOAI GAMES All Right Reserved.
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https://renderdoc.org/
https://www.gamebench.net/

0. A ZFsl7] Al 2/3

=3t Ao el 4 Sk T =71 =4 ¢!

PENDING CLEAR
PENDING PIPELINE BARRIER




0. A ZFs}7] Al 3/3
PENDING RENDERPASS

RHI Command

Original Logic

Pending Renderpass

RHISetRenderTargets

vkCmdBeginRenderpass

RHISetRenderTargets

RHIDrawlndexedPrimitive
RHIDrawlndexedPrimitive
RHIDrawlndexedPrimitive

vkCmdEndRenderpass /

Skipped

vkCmdDrawlndexed
vkCmdDrawlIndexed
vkCmdDrawlIndexed

vkCmdDrawlndexed
vkCmdDrawlndexed

/ vkCmdDrawlIndexed

RHISetRenderTargets

RHIDrawlndexedPrimitive
RHIDrawlndexedPrimitive
RHIDrawIndexedPrimitive
RHIDrawlndexedPrimitive
RHIDrawlndexedPrimitive

vkCmdDrawIndexed
vkCmdDrawlIndexed
vkCmdDrawIndexed
vkCmdDrawlIndexed
vkCmdDrawIndexed

vkCmdDrawlIndexed
vkCmdDrawlIndexed
vkCmdDrawIndexed
vkCmdDrawlndexed
vkCmdDrawIndexed

TRAHA, © NEXON Korea Corporation & MOAI GAMES All Right Reserved.
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1. HDR RT Format< & 4 3}&f] B A}

71 5% © 52 R16G16B16A16 Float”} AF-& % T} * IsMobileHDR32bpp 7 %- 7] <]

o SAN RE vt 3t AYS BAR S AL bl

-

e BloomSetup % SunMask | = <3} A9 F 2 3}
o U DoF 28Al= A9, stAvE @2 Al o] v &3} 7hsd o= AU
o &3} A do] gl o™ 64bit > 32bit X O 2 A}-§-0] 7}

e r.Mobile.SceneColorFormat=- 2= A% ( PF_FloatR11G11B10)

R16G16B16A16F > R16G16B16F >R11G11B10F (B11G11R10F )
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1. HDR RT Format< & 4 3}&f] B A}

W7 sk sk et A de) # 32 dh) Sl ok

o < =~ 2] Fragment (Pixel) 4ot & &<l
i.e. outColor.a += Coc(InDepth), ES2_USE_DEPTHTEXTURE / ES2_USE_DOF / ES2_USE_SUN 31

—A T .

S—— Depth of Field AT o]
BloomSetup*] Depth= Frolof sk &3} 2 g S
e n 3 7] w o @AY g 54
-

- . _

TRAHA, © NEXON Korea Corporation & MOAI GAMES All Right Reserved.
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1. HDR RT Format< & 4 3}&f] B A}

EPixelFormat FSceneRenderTargets: :GetDesiredMobileSceneColorFormat (bool bNeedAlphaChannel/*=true*/) const
{
EPixelFormat DefaultColorFormat = (!IsMobileHDR() || IsMobileHDR32bpp () ||
!GSupportsRenderTargetFormat PF FloatRGBA) ? PF B8GBR8BA8 : PF FloatRGBA;

// WX DorE AMBSt=X| MIATHCH ( AY 2 AS )
static const auto CVarEnableDoF = IConsoleManager::Get () .FindTConsoleVariableDatalInt (
TEXT ("r.EnablePostProcessingDof") ) ;
int32 MobileSceneColor = CVar->GetValueOnRenderThread() ;
switch (MobileSceneColor)
{
case 1: MobileSceneColorBufferFormat = PF FloatRGBA; break;
// YO0l & HRoh ZRIb OfLEtH ree 32Bit EBME ALE
case 2: MobileSceneColorBufferFormat = bNeedAlphaChannel &&
CVarEnableDoF->GetValueOnAnyThread() == 1 ? PF FloatRGBA : PF_FloatRllGllBlO; break;
case 3: MobileSceneColorBufferFormat = PF B8G8R8AS8; break;
default:break;
}
return GPixelFormats[MobileSceneColorBufferFormat].Supported ?
MobileSceneColorBufferFormat : DefaultColorFormat;




1. HDR RT Format< & 4 3}&f] B A}

static EPixelFormat GetHDRPixelFormat (bool bNeedAlphaChannel = false)
{
//SMHEOZ RGB Formats AFESIZ{D AlX
return FSceneRenderTargets::Get (FRHICommandListExecutor: :GetImmediateCommandList ()) .
GetDesiredMobileSceneColorFormat (bNeedAlphaChannel) ;
}

//0FeH BloomSetup, SunMask IfA= ot X{E0| ZQSICEH,

FPooledRenderTargetDesc FRCPassPostProcessBloomSetupES2: :ComputeOutputDesc (EPassOutputId InPassOutputId)
const

{

Ret.Format = GetHDRPixelFormat (true);

FPooledRenderTargetDesc FRCPassPostProcessSunMaskES2: :ComputeOutputDesc (EPassOutputId InPassOutputId) const
{

Ret.Format = GetHDRPixelFormat (true);




. A EFA1S Don't Care = & o] ®.4}

Renderpass+= L/S Operation©] < 7#l], ©] % Load+ ¢}l 37}%] Operation= #| gt

e LOAD_OP_CLEAR
o AZ$ AT AZE A 2E ), vl =9 Color / Depth Stencil & ¢S 2o 3t

e LOAD_OP_LOAD
o NEF Ay AaE A2, o] A @] ¥~ 2] A3} (Color / Depth Stencil) & = =73}

e LOAD_OP_DONT_CARE
o AEE ATIAE AT, o} ¥4 5] o (AA] B4 Sebol] TFHe 2 )
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2. RTE Don't Care= g o] ®.x}

) -3 ] Post-Processing ¥ 2~ &-©] Clear / Load & A8 =.
3} %] 7t Bloom<] Down / Up Sample H| A~ 5% ojd A3E 2= & Z Q7 gle.
col g szl AE FAAR 1A 7] WE

vkCmdBeginRenderPag(Don't Care)

FRCPassPostProcessBloomSetupES2 ::“":p;;;w
FRCPassPostProcessBloomDownES?2 wicals
FRCPassPostProcessBloomUpES2 v PostProcessBloomDown
FRCPassPostProcessSunMaskES?2 '-kfmdieg'“mdf’pf
FRCPassPostProcessSunAlphaES2 e
FRCPassPostProcessSunBIurES2 API Calls
FRCPassPostProcessSunMergeES?2 v PostProcessBloomDown

vkCmdBeginRenderPag(Don't

FRCPassPostProcessTonemap

vkCmdDrawindexed(3, 1)
vkCmdEndRenderPass(Store)

AP| Calls

y #UE4 | @UNREALENGINE @ UNREAL ENGINE



2. RTS Don't Careié o 01 EX
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2. RTE Don't Care= g o] ®.x}

void FRCPassPostProcessBloomDownES2: :Process (FRenderingCompositePassContext& Context)

if (DestRenderTarget.TargetableTexture->GetClearColor () == FLinearColor::Black)

{
FRHIRenderTargetView View;

bool IsVulkan = IsVulkanMobilePlatform(Context.View.GetShaderPlatform()):;

// Vulkang AtE3%ts 4202t RTE ENoActionlZE ALt

View = FRHIRenderTargetView (DestRenderTarget.TargetableTexture, IsVulkan ?

ERenderTargetLoadAction: :ENoAction
ERenderTargetLoadAction: :EClear);

FRHISetRenderTargetsInfo Info(l, & FRHIDepthRenderTar

Context.RHICmdList.SetRenderTargetsAndC

else

ML TUNT LU LARE WHETT 4 T ENUei LAl [3eL

*/

=enun class ERenderTargetlLoadiction @ U

{

ENosct ion, OP_DONTCARE
ElLoad, OP_LOAD
EClear, OP_CLEAR

Num,

NumBits = 2,




2. RTS Don't Care= & o] 1 %}
Store+ ©o}&] 27} Operation<S #] g+
* gk AL o AT A aH) Aol H A

e STORE_OP_STORE
o A W u}~2] A3}(Color/ Depth Stencil) & A7

e STORE_OP_DONT_CARE
o NEAGI|AZ AFE, o} L4 sh4] g (AA B2E =atold nlt) tHE)
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2. RTE Don't Care= g o] ®.x}

Load / Store =+ Color / Depth / Stencil ¥ 3 o] tf g+ Z}z}2] % 3lo] 7}=.

* EDepthStencilTargetActions / ERenderTargetActions %31 (RHIResources.h)

//AHIHO CHet A Load - Clear, Store - Store
EColorTargetActions ColorLoadStoreAction = ERenderTargetActions::Clear Store;

//EA HIHO| CHet 47 1Load - DontLoad (DontCare), Store - Store
EDepthStencilTargetActions DepthLoadStoreAction = DepthStencilTargetActions::DontLoad StoreDepthStencil;

//FRHIRenderPassInfos &of YA[HCE rTE € ULCL.
FRHIRenderPassInfo RPInfo( SceneColor,
ColorLoadStoreAction,
SceneContext.GetSceneDepthSurface (),
DepthLoadStoreAction,
FExclusiveDepthStencil: :DepthWrite StencilNop
) ;

RHICmdList.BeginRenderPass (RPInfo, TEXT ("BasePass"));




3. LUTS v 22 2 @ = gt}

=Wl AFE- 5= LUT gl = di 78 ) e vt 29 3
o 2 NvsN+1 H Al WA= gho] flubd o] 4 LUT S AJAL & sl et}

Y

[Fresererrrrrrrrrrey
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3.LUTE v 2 Q= ¢l

o| A]) Contrast, Saturation, Gammas ¥ 7 ¥ = 3t 7|+ 0 2 H| uldlo] A&

static FRCPassPostProcessTonemap* AddTonemapper (

bool bIsNeedToUpdateLUT = false;
/1ot A E = jhe 2 AA AREE = LUT A7 ol whaf W7 s ofof g
static struct LUT Setting
{
FVector4 ColorContrast;
FVector4 ColorSaturation;
FVector4 SceneColorGamma;
UTexture* ColorGradingLUT;
bool CurrentMSAASetting;
float ScreenPercentage;
TArray<FFinalPostProcessSettings: :FLUTBlenderEntry, TInlineAllocator<8>>
SavedContributingLUTs;
} GSavedLUTSetting;
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.LUTE 1 22 23 =l

o| A]) Contrast, Saturation, Gammas ¥ 7 ¥ = 3t 7|+ 0 2 H| uldlo] A&

//Context.View.FinalPostProcessSettings ¥} 4% GSavedLUTSettingE H] 1l g+o},

if (GSavedLUTSetting.ColorContrast != Context.View.FinalPostProcessSettings.ColorContrast ||
GSavedLUTSetting.ColorSaturation != Context.View.FinalPostProcessSettings.ColorSaturation ||
GSavedLUTSetting.SceneColorGamma != Context.View.FinalPostProcessSettings.ColorGamma | |
GSavedLUTSetting.ColorGradingLUT != Context.View.FinalPostProcessSettings.ColorGradingLUT | |
GSavedLUTSetting.ScreenPercentage != Context.View.FinalPostProcessSettings.ScreenPercentage)

{
/] Fkel MA A0 Y, LUT Texture A thA] Z1efofghtt,

bIsNeedToUpdateLUT = true;
GSavedLUTSetting.ColorContrast = Context.View.FinalPostProcessSettings.ColorContrast;
GSavedLUTSetting.ColorSaturation = Context.View.FinalPostProcessSettings.ColorSaturation;
GSavedLUTSetting.SceneColorGamma = Context.View.FinalPostProcessSettings.ColorGamma;
GSavedLUTSetting.ColorGradingLUT = View.FinalPostProcessSettings.ColorGradingLUT;
GSavedLUTSetting.ScreenPercentage = Context.View.FinalPostProcessSettings.ScreenPercentage;

}

//SavedContributingLUTs H] 2. AY &F

y #UE4 | @UNREALENGINE @ UNREAL ENGINE



.LUTE 1 22 23 =l

o| A]) Contrast, Saturation, Gammas ¥ 7 ¥ = 3t 7|+ 0 2 H| uldlo] A&

if (GSavedLUTSetting.SavedContributingLUTs.Num() !=
Context.View.FinalPostProcessSettings.ContributingLUTs.Num() ||
Context.View.FinalPostProcessSettings.ContributingLUTs.Num () == 1)

bIsNeedToUpdateLUT = true;
GSavedLUTSetting.SavedContributingLUTs = View.FinalPostProcessSettings.ContributingLUTs;

bIsNeedToUpdateLUT = IsVulkanMobilePlatform(View.GetShaderPlatform()) ? bIsNeedToUpdateLUT

true;
FRenderingCompositeOutputRef TonemapperCombinedLUTOutputRef;

/1 E ) EZF B2 3 Ag-oll wk LUT s 22 318
1f (StereoPass != eSSP_RIGHT EYE && bIsNeedToUpdateLUT)
{

FRenderingCompositePass* CombinedLUT = Context.Graph.RegisterPass (new (FMemStack::Get ())
FRCPassPostProcessCombinelLUTs (View.GetShaderPlatform (), View.State == nullptr, bIsComputePass));
TonemapperCombinedLUTOutputRef = FRenderingCompositeOutputRef (CombinedLUT) ;

y #UE4 | @UNREALENGINE @ UNREAL ENGINE



Hha A Y A A2 AEY £A:

DynamicData (Opaque) Static (EBasePass_Default)
» .

DynamicData (Masked) g R DynamicData (Opaque)

Static (EBasePass_Default) Static (EBasePass_Masked)

Static (EBasePass_Masked) DynamicData (Masked)

FPS Stability Power

100% 427mA

3939mA
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4. Rendering <=4 ol = A go] ¢

vold FMobileSceneRenderer: :RenderMobileBasePass (FRHICommandListImmediate& RHICmdList, const
TArrayView<const FViewInfo*> PassViews)

// 1. HO|LtE HO|H=& ®A JgCh ( 28 Ji8HS )

// render dynamic opaque primitives (or all if Wireframe)

const bool bWireframe = !!ViewFamily.EngineShowFlags.Wireframe;
RenderMobileBasePassDynamicData (RHICmdList, View, DrawRenderState, BLEND Opaque ...);

// render dynamic masked primitives (or none if Wireframe)
if (!bWireframe)

{
RenderMobileBasePassDynamicData (RHICmdList, View, DrawRenderState, BLEND Masked

// OIM £H|O|E] H|O|H=& 2[At

2)
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4. Rendering so4] ol &= A o] §lH.

// Render the base pass static data
if (SortMode == EBasePassSort::SortPerMesh)

DrawVisibleFrontToBack (RHICmdList, Scene, EBasePass Default...);
DrawVisible (RHICmdList, Scene, EBasePass Default...);
// Issue static draw list masked draw calls last, as PVR wants it

if (SortMode == EBasePassSort::SortPerMesh)

DrawVisibleFrontToBack (RHICmdList, Scene, EBasePass Masked...);

DrawVisible (RHICmdList, Scene, EBasePass Masked...);
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5. Bloom: DirtMask & A 3}

Post-Processing 2| Bloom DirtMask+ E.§ 1134 %= o] 1] X] 7} AL-&-F T},

o 3}IA]4FBloom<] rgb x DirtMaskCoIorOﬂ o3& AytEo] HolH
e = Bloom Intensity = 0.0 91 32| A= 13|45 Mask Texture”} &2 Q

= 1
4 Lens
TonemapCommonPS (
[ Image Effects
float3 BloomDirtMaskColor = b Biloom
Texture2DSample (BloomDirtMask.Mask, 4 Dirt Mask a
BloomDirtMask.MaskSampler,
DirtViewportUV) .rgb * BloomDirtMask.Tint.rgb; : T_ScreenDint02w =
Dirt Mask Texture
“ e & O
LinearColor += CombinedBloom.rgb *
(ColorScalel.rgb + BloomDirtMaskColor); % Dirt Mask Intensity _
b [l Dirt Mask Tint L — |
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5. Bloom: DirtMask & A 3}

Bloom©o] &4 3} 5 o] 9l = 74 -$-°l 9t DirtMaskS 4 &

-1 O

void FPostProcessTonemapShaderParameters: :Set (

{

if (BloomDirtMaskParam.IsBound())
{

FBloomDirtMaskParameters BloomDirtMaskParams;

FLinearColor Col = Settings.BloomDirtMaskTint * Settings.BloomDirtMaskIntensity;

BloomDirtMaskParams.Tint = FVector4 (Col.R, Col.G, Col.B, 0.f /*unused*/);

BloomDirtMaskParams.Mask = GSystemTextures.BlackDummy-
>GetRenderTargetItem () .TargetableTexture;

const bool IsBloomEnabled = IsVulkanMobilePlatform(ViewFamily.GetShaderPlatform())
Context.View.FinalPostProcessSettings.BloomIntensity > 0

//Bloome] 24| & 1. wj o ¥t DirtTexture s A4 gkt}. ( 7]+ BlackDummy AF-&-)

if (Settings.BloomDirtMask && Settings.BloomDirtMask->Resource && IsBloomEnabled)

?
true;

BloomDirtMaskParams.Mask

Settings.BloomDirtMask->Resource->TextureRHI;
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6. Decal Pass = %4 s}

2 A Decal A H o] A Q3 79 vk PassE & A}

vold FMobileSceneRenderer: :RenderDecals (FRHICommandListImmediate& RHICmdList)

{

#if 1

FSceneRenderTargets: :Get (RHICmdList) ;

bool NeedToStartRenderpass = true;
#else
// HZE b ARl StoAM HMEHIAS EAH =0 UAS
FSceneRenderTargets& SceneContext =
SceneContext.BeginRenderingSceneColor (RHICmdList,
ESimpleRenderTargetMode: :EExistingColorAndDepth,
RHICmdList.ApplyCachedRenderTargets (GraphicsPSOInit) ;
#endif

FExclusiveDepthStencil: :DepthRead StencilRead) ;
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6. Decal Pass & 4 2

21 A| Decal &t H o] & Q 3 7 2-of| 9t Pass =S & A}

(SortedDecals.Num())

// HIZO| Uz 20T HEHIHAE EXt
(NeedToStartRenderpass)
{
EShaderPlatform ShaderPlatform = ViewFamily.GetShaderPlatform()
bIsNeedToBeginRenderpass = RHICmdList.IsOutsideRenderPass();
if (ShaderPlatform != SP METAL && bIsNeedToBeginRenderpass)
{
FSceneRenderTargets& SceneContext =
FSceneRenderTargets: :Get (RHICmdList) ;

SceneContext .BeginRenderingSceneColor (RHICmdList, ESimpleRenderTargetMode: :EExisting
ColorAndDepth, FExclusiveDepthStencil::DepthRead StencilRead);

}

RHICmdList.ApplyCachedRenderTargets (GraphicsPSOInit) ;

NeedToStartRenderpass = false;
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AL BloomX= 12 &ff = Rtsht)
o Small Bloom< Y E 2 |7} @o] &, Down / Up = A A&l A 24 & WA}

Down Sample ( View / 4)
Down Sample (View / 8)
Down Sample (View / 16)
Down Sample ( View / 32)
Up Sample (View / 32)
Up Sample (View/16)
Up Sample (View/8)

Down Sample (1/6)
Down Sample (1/18)
Up Sample (1/18)
Up Sample (1 /4)

TRAHA, © NEXON Korea Corporation &
MOAI GAMES All Right Reserved.

‘Customized Bloom | i 0r|g|nal Bloom
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A AL Bloom®= 12 8l & whs)h o}

t+ Small Bloom2 Y5 @2l E] 7} o] 3. Down / Up & A A3t 243814}

float DownScale = 0.66f * 6.0f;
{

FRenderingCompositePass * Pass = Context.Graph.RegisterPass (new (FMemStack::Get ())
FRCPassPostProcessBloomDownES2 (PrePostSourceViewportSize / 6, DownScale));
Pass->SetInput (ePId InputO, PostProcessBloomSetup):;

PostProcessDownsample? = FRenderingCompositeOutputRef (Pass);

FRenderingCompositePass * Pass = Context.Graph.RegisterPass (new(FMemStack::Get ())
FRCPassPostProcessBloomDownES2 (PrePostSourceViewportSize / 18, DownScale));
Pass->SetInput (ePId Input0, PostProcessDownsample?l);

PostProcessDownsample3 = FRenderingCompositeOutputRef (Pass);
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7. A ALk Bloom&E 8 &l B 1ls

float UpScale = 0.66f * 2.0f;
{ //AENZE MEEE BloomTint ZZ{E I2{{OFSICE.
FVector4 TintA = FVector4 (Settings.Bloom3Tint.R, Settings.Bloom3Tint.G, Settings.Bloom3Tint.B,

0.0f);

TintA *= View.FinalPostProcessSettings.BloomIntensity;
FVector4 TintB = FVector4(1.0f, 1.0f, 1.0f, 0.0f);

FRenderingCompositePass * Pass = Context.Graph.RegisterPass (new (FMemStack: :Get ())
FRCPassPostProcessBloomUpES2 (PrePostSourceViewportSize / 18, FVector2D(UpScale, UpScale), TintA, TintB));

Pass->SetInput (ePId Input0, PostProcessDownsample?l);

Pass->SetInput (ePId Inputl, PostProcessDownsample3);

PostProcessUpsample3 = FRenderingCompositeOutputRef (Pass);
}

{ //ANZE MEEE BloomTint ZZ{E I2{S{OFSICE.

FVector4 TintA = FVector4 (Settings.Bloom2Tint.R, Settings.Bloom2Tint.G, Settings.Bloom2Tint.B,
0.0f);

TintA *= View.FinalPostProcessSettings.BloomIntensity;

TintA *= 0.5;

FVector4 TintB = FVector4(1.0f, 1.0f, 1.0f, 0.0f);

FRenderingCompositePass * Pass = Context.Graph.RegisterPass (new (FMemStack: :Get ())
FRCPassPostProcessBloomUpES2 (PrePostSourceViewportSize / 4, FVector2D(UpScale, UpScale), TintA, TintB));

Pass->SetInput (ePId Input0, PostProcessBloomSetup);

Pass->SetInput (ePId Inputl, PostProcessUpsample3);

PostProcessUpsampies = FRENUEringCompositeoutputRef (Pass)s

¥
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8. Early-Zz5 &-83} %}

23 g % discard= =o|H Early-Z 2 53+ A% A4S A& 4 glvh
o Uolef 37FA 7} AFE-H W Late-ZE A 2] Ett.

e Fragment Shadercl]l A DepthS ¥ 74 st & A

AC)
—~
(W)
D
©
—_
-
@
Q
w
Q

|
-n
—
Q
(@]
(W)
D
©
—
=
N

e Alphato Coverage (MSAA)
e discard() in shader

FMultisample State

Dizabled || || Sam Sample Shading:

sample Mask: | FFFFFFFF
| Dizabled Alpha to 1t Alpha to Coverage! m.
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8. Early-Zz5 &-83} %}

) -3-2] 7 $-+= Shader] 2] Discard7} Al

void main ()

{

highp float f0 = 15.pu h[31].x;
highp vecd4 vl = gl FragCoord;
vli.w = 1.0 / gl FragCoord.w;
if (in_OUTCLIPDIST < 0.0)
{

discard;

}

UE42] 733 r.AllowGlobalClipPlane”} 474 ¥ o] ¢J © ™ &= Draw®l Discard”}
A gxo] vtk 5 Do g Aol vk AEH == o))
MobileBasePassCommon.ush W5-¢] USE_PS_CLIP_PLANE / PROJECT_ALLOW_GLOBAL_CLIP_PLANE %}a1

y #UE4 | @UNREALENGINE @ UNREAL ENGINE



8. Early-Zz5 &-83} %}

Instanced Mesh LOD= Option®l| ™2} Discard & Al-&
USE_DITHERED_LOD_TRANSITION_FOR_INSTANCED / USE_DITHERED_LOD_TRANSITION %31

Engine - Rendering i oid
Rendering settings. ModifyCompilationEnvironment (EShaderPlatform
4 Mobile Platform, const FMaterial* Material,
FShaderCompilerEnvironment& OutEnvironment)
Allow Dithered LOD Transition

// On mobile dithered LOD transition has to be
explicitly
//enabled in material and project settings

Project Setting > Mobile ol A E2 75

OutEnvironment.SetDefine (TEXT ("USE DITHERE
D_LOD_TRANSITION_FOR_INSTANCED"), 0);
/*Material->IsDitheredLODTransition () &&

ALLOW DITHERED LOD FOR INSTANCED STATIC MESHES) ;*/
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8. Early-Zz5 &-83} %}

S8+ WS A E A - 9], o}e) (Discard & A A])
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9.VB,IBT= v viQl= s H g

T8 Draw7} 2L ¥ 5 AL§ b tha] npel = el A ol Ht),

w Colour Pass #1 (1 Targets) 519-195 ~ Colour Pass #1 (1 Targets)

N
=2
*

vkCmdBeginRenderPass(C=Clear, D=Clear, 5=Don't Care) 519 3 -'k'li_r'ru:IE:Fgir|F!|=r||:||=rF'ass i

s CrdDrawindexed 376, 1) vkCmdDrawlndex
vkCmdDrawlndexed(378, 1) MII P> WkCmdDrawindexed (378, 1)

vkCmdDrawlndes ] vkCmdDrawlndexed (378, 1)

vkCmdBindVertexBuffers

vkCmdBindIndexBuffer 26 wvkCmdBindDescri pto ryets
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TRAHA, © NEXON Korea Corporation & MOAI GAMES All Right Reserved.
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Index Buffer

7+ IndexBuffer= A&

& Offset3 A&
72 CommandBuffer ¢tell A%

PipelineS AF-&-
Frameol A&

N
rlo flo rlo rlo

my

Vertex Buffer

-8 VertexBufferE A&

& Binding Index& A&

28 OffsetS AL-&

-8 CommandBuffer ¢tol] AF-&%
-2 Pipeline2 AF-&

7S Frameol A&

=2 darh it
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10. GPU Particle RT A}o] = 0] 7]

UE4+ GPU Particlecll 1024 x 1024 Simulation RTE A}-&

[
>,
x
By
)
[N
2
e

AEAdE T2

ol

1024 x 1024

256 x 256
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10. GPU Particle RT A}o] = =0l 7

/** The texture size allocated for GPU simulation. */

#define USE_SMALL_PARTICLE_TEXTURE_SIZE PLATFORM_ANDROID

#if USE SMALL PARTICLE TEXTURE SIZE
GParticleSimulationTextureSizeX = 256;
GParticleSimulationTextureSizeY = 256;

#else
GParticleSimulationTextureSizeX = 1024;
GParticleSimulationTextureSizeY = 1024;
#endif

FAutoConsoleVariableRef CVarParticleSimulationSizeX(
TEXT ("fx.GPUSimulationTextureSizeX"),
GParticleSimulationTextureSizeX,

fx.GPUSimulationTextureSizeX / fx.GPUSimulationTextureSizeY
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