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Hy>XHO cuHxpoHunsunposatb GPU n CPU

Bbluncnenna dpnsmkn, cloth, particles
Ha CPU
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ncrnonb3dyet GPU calls



GPU Pipeline

OTO KOHLEeNTyasibHas MOAeNb, ONMChIBatoLLLaa Warm, KoTopble Oo/MKeHa
BbinonHUTL GPU gnsa peHgepuHra/otpuncoskn 3D-cueHbl Ha 2D-akpaH
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GPU Pipeline DX12
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|A — fixed function stage. llcnonb3yeT MHOEKCHbIE Y
BEPLUMHHbIE Bydepbl A1s1POopPMNPOBaHUA
NPUMNTUBOB N Nepeaayvn nx B nocnenytoLme aranb

Shader - nporpamMmma npegHasHa4vyeHHasa s
ncnonHenma Ha GPU

Vertex shader - obpabaTbiBaeT BePLUNHbI, OObIYHO
BbIMOJIHAS pa3/inyHble npeobpa3oBaHUs C
BepLunHaMu. NpnHMMaeT ogHy BXOOHYIO BEPLUNHY W
NPOnN3BOAUT OOHY BbIXOOHYIO BEPLUNHY.

Fragment/Pixel shader - nonyuaeTt
NHTEPNOSINPOBaHHbIE OaHHble O NPUMUTBA U
dbopMmnpyeT gaHHble ONa NMKcena, HanpuMep LUBET



2 4

NN

1

3 5

L

1 3
Point list Line list Line Strip
1 3 5 : 3 4 5 1 3 -
Triangle strip Triangle fan Triangle list

[ToNYNHBI NCNONIB30BaHUSA TPEYIrONIbHNKOB
- OPDEKTUBHO NCNOMNb3YIOT NaMSATh
- Mo)kHO npeactaBnTb gpPyryo purypy

| position texCoord - IlnaHaprle
117 40 0.000 0.000 2.000 0.500 0.500 -1.232 1.643 6.561 6.655 0.500 0.500
118 43 0.000 -2.000 2.000 0.500 1.000 -1.618 -0.983 5.514 5.608 0.500 1.000

119 44 2.000 -2.000 2.000 1.000 1.000 0.351 -0.469 4.466 4.562 1.000 1.000
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Instancing

OTO TEXHMKA MPU KOTOPOU Mbl PUCYEM MHOIO
0b6BbEKTOB (C O ANHaKOBbIMW MeLLaMn) OAHOBPEMEHHO
oagHVM Bbl3oBOM drawcall, 4yTo SKOHOMUT HamMm Bce
obuweHne mexay CPU n GPU.

Ham Hy>XHO OONONMHUTENBbHO NepenasaTh OBa
napameTpa

1) instance count - KonM4YecTBO OOBEKTOB KOTOPbIE
Mbl XOTUM HapucoBaTb

2) instance buffer - cogep>XuT B cebe aaHHbIE
KOTOpPble OT/INYaAOTCH B 06beKTax



Y10 APl Hayuvnucb oNTUMN3NPOBAaTb

_ N = DX12  -> PSO ( Pipeline State Object )
=== — > [ - Vulkan -> Pipeline
Metal -> Pipeline state

Shader resource views (SRVs), ' Descriptor tables

B KpynHbIX NpoekTax 3a onTuMmnaauyuto no co3gaHunio pipeline state Mo)XeT oTBevaThb
HECKOJIbKO YenoBeK



GPU Driven pipeline

[TpnunHa: GPU mowHee yem CPU ( nrposbie KoHconn, apple silicon)

Kak HanucaTtb urpy ¢ nogaep>xkouv GPU driven pipeline?



Culling

OTbpakoBKa 06BHLEKTOB KOTOPLIE HE NonagatoT B Kagp, nepen pucoBaHNEM




Indirect

[To3BonsieT HacTpamBaTb PyHKUMK drawcall HenocpeancTteeHHo Ha GPU
IT0 no3sonunno nepeHectun culling/particle/cloth/water ... ¢ CPU Ha GPU

typedef struct {

uint32 t vertexCount;

uint32 _t instanceCount;

uint32 t vertexStart;

uint32 t baselnstance;

} MTLDrawPrimitivesIndirectArguments;




Indirect

[renderEncoder executeCommandsInBuffer: indirectCommandBuffer withRange:NSMakeRange(@, 128)];

!

[renderEncoder drawPrimitives:MTLPrimitiveTypeTriangle
vertexStart:0
vertexCount:vertexCount X '1 6
instanceCount:1
baseInstance:objIndex];

MTLIndirectCommandBuffer moXeT xpaHuTb B cebe draw KomMaHabl, 4YTO
NO3BOJISAET M0 NCMO/Ib30BaTb HECKOJIbKO pa3 B CBOO o4Yepeb Kak
MTLCommandBuffer sBnsieTtca oagHOpas3oBbIM



Bindless and binding models

Binding model

CtaBum TekcTypbl ¢ CPU ana kaxxgoro GPU pass
HepocTaTKu:

- CnoTbl 4OCTYNHbI B OrpaHN4YeHHOM KOJIMYECTBE.
- HepocTtaTto4yHast rmbkocTb B HACTpouKe input

- CPU cost Ha npuBA3KY OECKPUNTOPOB, YTO SABASIETCA OCHOBHOW NPUYNHOW
npobnem c nponssoautensHocTbto CPU B Koae peHaepuHra



Bindless and binding models

Binding model

DX Metal

Shader: Shader:

Texture2D<float4> texture : register(t27); texture2D<float> texture [[ texture(27) 1]

float4 color = texture.Sample(sampler_linear_clamp, uv); float4 color = texture.sample(sampler_linear_clamp, uv);
CPU code: CPU code:

Texture texture; 1d<MTLTexture> texture;

device->BindResource(PS, &texture, 27, cmd); [renderEncoder setFragmentTexture: texture atIndex: 27]



Bindless and binding models

Bindless model

BmecTo buHOa ons KaXxaoro pass obpallaemMcs K TEKCTypaM Kak K MmaccuBy
OAHHbIX

DX 12 Metal

struct Material struct Material

{ {
int texture_basecolormap_index; texture2d<float> texture_basecolormap_index [[ id(@Q) 11;
int texture_normalmap_index; texture2d<float> texture_normalmap_index [ 1id(1) 11;
int texture_emissivemap_index; texture2d<float> texture_emissivemap_index [[ id(2) 11;

b &




Argument buffers

struct My_AB {
texture2d<float, access::write> a;
depth2d<float> b;
sampler c;
texture2d<float> d;
device floatdx e;
texture2d<float> f;

int g;
b
kernel void my_kernel(constant My AB & my_AB [[buffer(0)]]1)
{ ...}

[Tonie3HbIN COBET - BblgenanTe namaTtb ana argBuffer n3 heap, aTo CHU3UT 3aTpaTbl HA OTC/IEXXMBAHNE
PECYPCOB

ArgBuffer no3BonseT guHaMmMyeckn MHOEKCUPOBATb PECYPCbI BO BPEMS BbIMOSTHEHNA PYHKLWN 3TO
NO3BONIFAET CHU3UTb IMMUT 071 BXOAHbIX NapaMeTpoB B LLenaepax.

Mbl MO>XXeEM MCNOJIb30BaTb €ro MHOMOKpPaTHO



// The argument buffer that defines materials and particle properties
struct TerrainHabitat

{
private:
TerrainHabitat ();
public:
float slopeStrength [ 1d(TerrainHabitat_Mem
float slopeThreshold [ 1d(TerrainHabitat_Mem
float elevationStrength [[ i1d(TerrainHabitat_Mem
float elevationThreshold [[ id(TerrainHabitat_Mem
float specularPower [ 1d(TerrainHabitat_Mem
float textureScale [ id(TerrainHabitat Mem
bool flipNormal [ id(TerrainHabitat_Mem
struct ParticleProperties
{
// The fields of this struct must
simd::float4 keyTimePoints;
simd::float4 scaleFactors;
simd::float4 alphaFactors;
simd::float4 gravity;
simd:: float4 lightingCoefficients;
int doesCollide;
int doesRotate;
int castShadows;
int distanceDependent;

b

} particleProperties;

texture2d _array <float,access::
texture2d _array <float,access::
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sample> normalTextureArray

: :slopeStrength)

: :slopeThreshold)

: :elevationStrength)
: :elevationThreshold)
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be reflected in TerrainHabitat MemberIds

sample> diffSpecTextureArray [[ 1d(TerrainHabitat_MemberIds:
[[ id(TerrainHabitat MemberIds:

:diffSpecTextureArray)
rnormalTextureArray)

1;
1;



Kak Bbirnaaut koa Ha GPU

struct ICBContalner

{
command_buffer commandBuffer [[ id(@) 11;

Fs

kernel void

cullMeshesAndEncodeCommands(uint objectIndex [ thread_position_in_grid 1],
constant AAPLFrameState xframe_state [ buffer(o) 11,
device AAPLObjectPerameters xobject_params [[ buffer(1) ,
device AAPLVertex xvertices [ buffer(2) ,
device ICBContainer xicb_container [[ buffer(3) )

{

if(visible)
{

render_command cmd(icb_container->commandBuffer, objectIndex);

cmd.set vertex buffer(frame_state, AAPLVertexBufferIndexFrameState);
cmd.set _vertex_buffer(object _params, AAPLVertexBufferIndexObjectParams);
cmd.set _vertex _buffer(vertices, AAPLVertexBufferIndexVertices);

cmd.draw_primitives(primitive_type::triangle,
object_params[objectIndex].startVertex,
object_params[objectIndex].numVertices, 1,
objectIndex);
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[lpypocT NnponsBoanTENbHOCTI

GPU Driven pipeline - Bbiknto4eH GPU Driven pipeline - BkrtoueH

Apple M1 [1680x1050]
1.0X bOHZ
FPS: 26.95 [ 25.97 27.47]

Apple Ml 11680x1050 ]
1.0x Direct b0HZ
FPS: 33.05 | 23.72 ]

Mem: 4.70GB
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GPU Driven pipeline ntorm

- GPU culling

- MuHnmmnsunpoBatb nepekstoveHmne GPU pipeline state

- Vlcnonb3oBatb ognH 6osnbLion byddep co BCeEMU MeLLaMN
- Vlcnonb3oBaTtb bindless mooenb

- Indirect Command Encoding

- ['eHepauuns Bcex render commands Ha GPU ( Metal only )



a egrigorchuk@elverils.com

o info@elverils.com



