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&3 bF

66 be

a7

68 fdefine SAMPLE COUNT 16

9 //rg: PCFRIFERE. b: HERE

70 uniform half4 SelfsShadowParams;

F1 uniform float4x4 SelfShadowMatrix;

T2 UNITY DECLARE SHRADOWMAP ( SelfShadowTexture) ;

73

T4 BEhalf SampleUnique (const half4 coords) |

75 half4 uv = coords;

TE half shadow = 0.£;

77 = for(int i = 0; i < SAMPLE COUNT; ++i) |

78 uv.xy = coords.xy + poisson[i] * SelfShadowParams.rg;
79 shadow += UNITY SBMPTLE SHADOW ( SelfShadowTexture, uv.xyz);
&0 1

a1

82 shadow /= SAMPLE COUNT;

a3 shadow = 8SelfShadowParams.b + shadow * (1- SelfShadowParams.b) ;
a4 return shadow;

&5 1

86

!#ifdéf _RAIN_ON
: : float coefficient = RainParam.x * (1 - metallic_roughness.r);
o.Metallic = lerp(metallic_roughness.r, max(@.2, metallic roughness.r), coefficient);
o.Smoothness = lerp(o.S5moothness, max(@.5, o.Smoothness), coefficient);
float2 uvRipper = IN.uv MainTex * float2(25, 25)/* + Time.x* FlowRate * float2(-1, @)*/;
half3 rainNormal = UnpackNormal(tex2D( CharRainMNormal, uvRipper));
] baseNormal = lerp(baseNormal, BlendNormals(baseNormal, rainNormal), coefficient);
#endift
! o.Normal = baseNormal;
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* Ashikhmin/3fifH>%: (Order 1886) 2013-2014

Crafting a Next-Gen Material Pipeline for The Order: 1886
{Uncharted 4) 2016

The Process of Creating Volumetric-based Materials in Uncharted 4

* CharlieZ3AifH>%:  {Sony Pictures Imageworks) 201718
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Game Optimization

* FPS

* Less DrawCall
Batch&lnstancing

* Less Fragment
Resolution
Overdraw

* Less Texture Fetch

* Less ALU

e Shader Optimization



Game Optimization

* Resolution: &
SOSERY

MK T Al 5 25 43 HE 2R 1 RN KOR BE D Fragment

2560x1440

3840x2160

Base Resolution

e ——— ) 6% MOre pixels

C—— 4 X OTE PiXEIS

€ X more pixels



Game Optimization
e Shaderffifk,

Prefer medium over highp

— S g, PERERZ /)N, (HJERN T — S R 1 B E BUOR 2
o Jaf oA b B IRG B A ik

o J/IMUAEH — 2B 2L 1§52 sqrt, sin, cos, and recip

o K37 5 SCHEGEE DU )5 Mipmap

o f§i HBilinear{X. & Trilinearid &

e /D> Anisotropic 1 JE KL &

o IEFEIE A R AR5 2 eg:ASTC Texture compression

* SIMD(H.45 2 2 £#)
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Game Optimization

o T BT ZE B R g Vertex data: W15 A] BETE {8 FH 16437 Tl A% =X
o %47 ak i B 5 2D B Output attributes channels
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Model

Scene

Scale Factor
Convert Units
Import BlendShapes
Import Visibility
Import Cameras
Import Lights
Preserve Hierarchy
Sort Hierarchy By Mame
Meshes

Mesh Compression
Read/Write Enabled
Optimize Mesh
Generate Colliders
Geometry

Keep Quads

Weld Vertices
Index Format

Rig Animation Materials

Tem (File) ta 0.07m {Unity)

A A A S

e

Low
Medium
High

v

Auto

| saacy RBlend Shane Mormal:

Vertex Compression®
Optimize Mesh Data*®

Stack Trace*
Log Type
Error

Assart
Warning

Log
Exception

Legacy
Clamp BlendShapes (Deprecated)®

Optimize Mesh Data®

Mixed...

Mone

Everything

Position
Mormal
Tangent
Color

Tex Coord 0
Tex Coord 1
Tex Coord 2

Tex Coord 3




Mesh Compression
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Optimize Mesh Data

o HRG1B=AFF £ ¥ Channels
(StripUnusedMeshComponents)

o VERAT PRI AN RAS BURTAS F 7 4T 2
A] e BRIl £ R

Optimize Mesh Data®




Vertex Compression

R 16 3 (1) T A channel F) £ 4 4% 2 format i &

Optimize Mesh Data®

N16bit(float->half), Jl/bigf7 N AF i
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o &5 r] L 4T Dynamic Batching ;gpg
* Mesh A REJTEEE Logec

Clamp BlendShapes (Deprecated)®

+ IfEAZESkinMesh
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Game Optimization

Rendering order
For opaque objects
 Sort by distance
Adreno 3.x, 4.x, sort opaque object from near to far is preferred
e Sort by state
Adreno 5.x, 6.x, sort by state is preferred
Adreno 5.x, 6.x, have Low Resolution Z(LRZ) which could help Z rejection

Rendering order suggestion on Adreno 5.x, 6.x is
* Render Opaque queue by state

* Render AlphaTest queue

* Render transparent queue


https://developer.qualcomm.com/docs/adreno-gpu/developer-guide/gpu/overview.html
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* Frame Capture

e Shader Debugger
* GPU Memory Viewer

Instruments
* Metal System Trace
* Game Performance Template




B MetalTesto1 Captured G...
E summary

E
il Counters Summary xport
66.2 MB

Overview Show Dependencies
» [0 00x2827b0540 = [MTLLayer...

» [ 1 CAMetalLayer Display Drawa... —
¥ B} Command Buffer 0 0x108b6... & Blit Encode
» n 2 0x108bBcd10 = [0x10384... Compute Encoders
v Camera.Render 1 ms g Draw Calls
» I 3 [pushDebugGroup:"Ca... Dizparch Calls
> Drawing o1ms £

Command B

v Camera.Image... 330.48 us f§ .
» [ 84 [pushDebugGroup:"... g Performance Show Counters

. B [R] Camera.... 33048 ps &
=
» [0 85 [R] Camera.lmage...
» [ 86 [setLabel:"[R] Ca...
» I 87 [setFragmentText...
» [0 88 [setFragmentSam...
» I 89 [setViewport:{0, O... Resolution 1732x828
» [ 90 [setVertexBuffer:S... Plxel Format BGRABUnorm_sRGE
» [ 91[setFragmentBuffe...
» [ 92 [setRenderPipelin... Insights
» [ 93 [setDepthStencilS...
» I 94 [setStencilReferen... ; )
- n 95 [SetCU”MOde:NGnlE] Sa\rings e Insight |I"‘-::|I_LI Format ;IZDIHEEFIGJZ_.‘:'[MCIIE
: : z: [[:::[F};O;LF;?:?:.I_Ih B TempBuffer 11792x828 7.6 MB Storage Mode e o2
» [ 98 [setDepthClipMod...

Height B8
» [ 98 [setTriangleFillMo...
Resource "Texture TempBuffer 1179Z2x828 0xX1038737d0" has the wrong storage mode set.
» [ 100 [setVertexBuffer:... P g g

Show Memory

52.5 MB
24.6 MB
Zero KB

TempBuffer 11792x828 ©

Memaory Bandwidth Performance

» [ 101 [drawin... 306.70 us
» [ 102 [setViewport:{D,...
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struct Mtl_VertexIn
{
float4 POSITION® [[ attribute(@) 1] ;
float3 NORMAL® [[ attribute(1) 1] ;
b

struct Mtl_VertexOut
{

float4 mtl_Position [[ position ]];
ri

ex Mtl_VertexOut xlatMtlMain(
constant VGlobals_Type& VGlobals [[ buf:
Mtl VertexIn input [[ stage_in ]1])

| _VertexOut output;
float4 u_xlat@;
float4 u_xlati;
float4 u_xlat2;
float u_xlaté;
float u_xlat9;
bool u_xlath9;
u_xlat@.x = dot(input.NORMAL®.xyz, VGlobals.!|

u_xlat@.y = dot(input.NORMAL®.xyz, VGlobals.hls
u_xlat@.z = dot(input.NORMAL®.xyz, VGlobals.hls

u_xlat9 dot(u_xlat@.xyz, u_xlat@.xyz);
u_xlat? = rsgqrt(u_xlat?9);

u_xlat@.xyz = float3(u_xlat9) * u_xlat@.xyz;
u_xlatl input.POSITION®.yyyy * VGlobals.hls
u_xlatl fma(VGlobals.hlslcc_mtx4x4uni t

fma(VGlobals.hlslcc

-y

, 1nput.PO

<1

ObjectToWc

input.POSI

ALU
Float
integer

Complex

Memory
Load

vertex Write

Synchronizatio

Wwait Memory

-~



https://developer.apple.com/videos/play/wwdc2018/608/

il Counters

v B Shadow commands a

» [ 0 Shadow commands = [0x1... GPU Time

> D 1[addCompletedHandler:0x...

» [ 2 [setLabel:"Shadow comma... ALU Limiter
B Shadow Map Pass a
¥ jt Main Memory Bandwidth

v

v

v

v

v

v

[:] 3 Shadow Map Pass = [re...
D 4 [setLabel:"Shadow Map...

Vertices

I 5 [setRenderPipelineState... Vertex Stage Time
D & [setDepthStencilState:S...
I 7 [setCullMode:Back] Primitives
D 8 [setDepthBias:0.015 slo...
I 9 [setVertexBuffer:Unifor... Fragment Stage Time
I 10 [setVertexBuffer:Unifor...
D 11 [setVertexBuffer:0x103... Divale Rtarad
[:] [ Encoders

12 [setVertexBuffer:0x103...

¢ N B 1. Shadow Map Pass

@ 13 [setFragmentTexture:T... [ 2. Combined GBuffer & Lighting Pass

GPU Time AL Limiter Main Memory Bandwidth Texture Cache Miss Rate Vertices Primitives
1.08 ms 0.24% 9.25 0.00% 82,320 27,440
2.32 ms 51.47% 10.37 23.23% 117,242 39,762




TargetPool(

AreaTex

Buffer:0x103253480
Buffer:0x10328ch&0
Buffer:0x10328cE60
CAMetalLayer Display Draw...

Color Grading Log Lut
Cube

Cube

DrawableProxy
DrawableProxy
Fullzcreen Triangle
Fullzcreen Triangle
Internal Curves Texture
Intermal Curves Texture
LDR_LLL1_O
LDR_LLL1_O
LDR_LLL1_1
LDR_LLL1_1
LDR_LLL1_10

T

L

lssues

Type
Texture
Texture
Buffer
Buffer
Buffer
Texture
Texture
Buffer
Buffer
Texture
Texture
Buffer
Buffer
Texture
Texture
Texture
Texture
Texture
Texture
Texture

Tawtiira

Allocated Size

5.7 MB
448 KB
144 KB
128 KB
128 KB
5.7 MB
1.0 MB
128 KB
128 KB
5.7 MB
5.7 MB
128 KB
128 KB
128 KB
128 KB
128 KB
B0 KB
128 KB
B0 KB
128 KB

178 KR

Storage Mode Purgeable State CPU Access

Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Shared

Charan

MonVolatile
Monvolatile
Monvolatile
MonVolatile
MonVolatile
MonVolatile
Monvolatile
Monvolatile
MonVolatile
Empty

Empty

Monvolatile
Monvolatile
MonVolatile
MonVolatile
MonVolatile
Monvolatile
Monvolatile
MonVolatile

MonVaolatile

hlmmbifml atila

Mone
Write
ReadWrite
ReadWrite
ReadWrite
Mone
Mone
ReadWrite
ReadWrite
Mone
Mone
ReadWrite
ReadWrite
Write
Mone
Write
Write
Write
Write
Write

(T

Time Since Last Bound

Mow

4.87 s
Mow
280s
Mewver

Mow

Mo

Mow

Mow

Mever
Mever
Mo

Mow
13.23 ms
Mow
766.91 ms
4.87 s
733.45 ms
4.87 s
433.52 ms
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Color0:
TempB...2x828

Depth:
TempB...2x828

Stencil:
TempB...2x828

Pixel Format
Depth...encil8
Dimension:
1792x828

Al

7.25 MiB

Debﬁm“ethB
Dimensiot
1792x828

All

7.25 MiB

L_l?_:'_! ,-‘llg 1
Clear
Store

N

A B
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lf"_ﬁ.b

Load Acti
Clear

Store

5
4 A\
H N
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olic void SetRenderTarget

depthStoreAction

Color0:
CAMet...awable

Mixel | rrmat
BGRA...sRGB
1792x828
All

5.67 MiB

Depth:
O0x100e53ae0

Depth...encil8
1792x828

7.25 MiB

Stencil:
O0x100e53ae0

Depth...encil8

1792x828

7.25 MiB

L|o 1’.'. '|

Clear

Store

Clear

I

DontCare

Clear
- t 2Ie ACUIO
DontCare

colorLoadAction,

colorStoreAction

depthLoadAction



https://docs.unity3d.com/ScriptReference/Rendering.CommandBuffer.SetRenderTarget.html
https://developer.apple.com/documentation/metal/rendering_a_scene_with_deferred_lighting_in_objective-c?preferredLanguage=occ
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