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https://www.youtube.com/watch?v=LXo0WdlELJk
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A Exploratory mini-game & world

A Goals
A Hybrid rendering with DXR [Andersson 2018]

Clean and consistent visuals

Self-learning Al agents [Harmer 2018]

Procedural worlds [Opara 2018]

No precomputation
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A Usesé L L Hagltyon R&D framework






Halcyon Goals &

A Rapid prototyping’ framewo .

A Different purpose-than Frostbite
4 Fast experimentation vs. AAA.
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A Windows, Linux, macd?



Halcyon Goals

A Minimize or eIirri‘i )
Al Tl 2Z0&6 nsau |
A Occlusion
A" GL/ LIgAlIngSe™
A Collision
A Level-of-detail
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A Live reloading of all as;?ts
|

A Insanely fast iteration times .
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Halcyon Goals

A Only target moderm-AP.
A Direct3D 12 e <
A Vulkan 1.1 |
A Metal 2 g

A Multi-GPU N
N \L v f/
A EXxplicit heterogeneous mGP!
A No AFR nonsense
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A No linked adapters . |



Halcyon Goal

A Local or remote m—r- ming _

A Minimal boilerpla/te o* - B
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4 Variety of rendering techniGues and apj
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A Rasterization |

A Path and ray tracing
A Hybrid
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Deferred Shading Direct Shadows Direct Lighting Reflections
Y (raster) (ray trace or raster) (compute) (ray trace or compute)

Global lllumination Ambient Occlusion Transparency & Translucency Post Processing
(ray trace) (ray trace or compute) (ray trace) (compute)
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Halcyon Goal
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4 Implemented lots of bespoke téchnology
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A Efficient and erX|bIe re‘n‘i ﬁng was a majol
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Rendering Compenents
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Renc
Renoc
Renc
Renc
Renc
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er Device

er Graph

Renc

er Proxy

er Backend

er Handles .
er Commands
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Halcyon Rend
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Application

Render Graph Render Graph
Render C(;n'ma;(;; 1
Render Backend Render Backend Render Backend
Render Proxy l_T Render Device Render Device Render Device
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Render Backenc

A Live-reloadable DL

.
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S and capabi
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Render Backenc

A Provides debugging and profiling
A RenderDoc integration, validation laye

A Create and destroy renderdevie
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Render Ba

A Direct3D 12
A Vulkan 1.1

A Metal 2
A Proxy
A Mock
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Render Ba

A Direct3D 12

v Shader Model 6.X
i DirectX Ray Tracing

\ Bindless Resou

« Explicit Multi-GPU
\ DirectML (soon..)
5
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Render Ba

A Vulkan 1.1
\ Sub-groups

\ External memor
. Multi-draw indirect:

A
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Render Ba

A Metal 2

Al
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Render Backenc

A Proxy

A Discussed later Iin the ng
&
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Render Backenc
A Mock




Render



Render Device

A Abstraction of a logical GPU adapter
A e.g.VkDevice] qD?» Dz 2DRAZ

A Provides interface to GPU

A Command list submission .



Render Device

A Ownership of GPU resources
A Create & Destroy ——

A Lifetime tracking of resourc

. i/
A Mapping render handles A device reso



Render Handles



Render Handles

A Resources associated by handle
A Lightweight (64 bits)

A Constant-time lookup

A Type safety (i.e. buffer vs texture)
A Can be serialized or transmitted

A Generationalfor safety
A e.g. double-delete, usage after delete
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Render Handles

A Handles allow one-to-many cardinality [handle->devices]
A Each device can have a unigue representation of the handle

Render Handle

DX12: Adapter O DX12: Adapter 1 DX12: Adapter 2 DX12: Adapter 3

ID3D12Resource ID3D12Resource ID3D12Resource ID3D12Resource
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Render Handles

A Can query if a device has ahandle loaded

A Safely add and remove devices
A Handle owned by application, representation can reload on device

Render Handle

DX12: Adapter O DX12: Adapter 1 DX12: Adapter 2 DX12: Adapter 3

ID3D12Resource ID3D12Resource ID3D12Resource ID3D12Resource
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Render Handles

A Shared resources are supported
A Primary device owner, secondaries alias primary

Render Handle

DX12: Adapter O DX12: Adapter 1 DX12: Adapter 2 DX12: Adapter 3

ID3D12Resource ID3D12Resource ID3D12Resource ID3D12Resource
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Render Handles

A Can alsomix and match backendsin the same process!
A Made debugging VK implementation much easier
A DX12 on left half of screen, VK on right half of screen

Render Handle

DX12: Adapter O DX12: Adapter 1 VK: Adapter O Proxy: Adapter O

ID3D12Resource ID3D12Resource VKImage Render Handle
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Render Commands
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Draw
Drawlndirect
Dispatch
Dispatchindirect
UpdateBuffer
UpdateTexture
CopyBuffer
CopyTexture
Barriers

> > > >y D> >y > D>y D

Transitions A UpdateTopLevel
BeginTiming A UpdateBottomLevel
EndTiming A UpdateShaderTable
ResolveTimings

BeginEvent

EndEvent

BeginRenderPass

EndRenderPass

RayTrace

4
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Render Commands y >

Queue type specified

A Spec validation
Allowed to run?
A e.g. draws on compute

Automatic scheduling
A Where can it run?
A Async compute

. Y

enum class RenderCommandQueueType : uint8
i
‘ None = 0x00,

Copy = 0x01,

Compute = 0x02,

Graphics = 0x04,
' All = Copy | Compute | Graphics, =
s ‘
struct RenderCommand
i
‘ RenderCommandType type = RenderCommandType::Count;
}s

template<RenderCommandType TYPE, RenderCommandQueueType QUEUETYPE>
struct RenderCommandTyped : RenderCommand
{

static const RenderCommandType Type = TYPE;

static const RenderCommandQueueType QueueType = QUEUETYPE;

o\

: RenderCommandTyped() { type = Type; }
b3
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Render Commands o

“-‘
-
struct RenderCommandDispatch : RenderCommandTyped<RenderCommandType::Dispatch, RenderCommandQueueType::Compute>

:

RenderResourceHandle pipelineState;
ShaderArgument shaderArguments|[MaxShaderParameters];
uint32 shaderArgumentsCount = 0;

uint32 dispatchX = 0;
uint32 dispatchyY = 0;
uint32 dispatchZ = 0;

1
¥




Render Command List

A Encodes high levelcommands @

A Tracks queue types encountered A S
A Queue maskindicating scheduling rules

A Commands are stateless - parallel recording

4
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Render Compilation

AARNGERI Nz wWWI qocmpneazUaeﬁ T 1 F
A Translation to low level API
A Can compile once, submit multiple times ‘/‘/4

A Serial operation fnemcpy speed)
A Perfect redundant state filtering
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Render Graph

A Inspired by FrameGraph) %mDZnnRGG ?szEc(
A Automatically handle transient resources
A Import explicitly managed resources

A Automatic resource transitions
A Render target batching
A DiscardResource
A Memory aliasing barriers
A 1l
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Render Graph

A Basic memory management
A Not targeting current consoles
A Fine grained memory reuse suloptimal with current PC drivers
A Lose ~5% on aliasing barriers and discards

A Automatic queue scheduling
A Ongoing research
A Need heuristics on task duration and bottlenecks
A e.g. Memory vs ALU
A Not enough to specify dependencies
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Render Graph

i Frame GraphA RenderGraph:+ > NRXnPDRn&e U I ©UI

A Fully automatic transitions and split barriers

A Single implementation, regardless of backend

A Translation from high level render command stream
A API differences hidden from render graph

A Support for mGPU

A Mostly implicit and automatic
A Can specify a scheduling policy
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Render Graph

A Composition of multiple graphs at varying frequencies =« u
A Same GPU: async compute
A mGPU: graphs per GPU
A Out-of-core: server cluster, remote streaming
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Render Graph

A Composition of multiple graphs at varying frequencies
A e.g. translucency, refraction, global illumination
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Render Graph

A Two phases

A Graph construction
A Specify inputs and outputs
A Serial operation (by design)

A Graph evaluation
A Highly parallelized
A Record high level render commands
A Automatic barriers and transitions



renderGraph.addPassCallback("Present Pass"”, [&](RenderGraphBuild& build)
{
E auto& outputTexData = scope.get<RenderGraphQutputTexture>();
: const auto& viewData = scope.get<RenderGraphViewData>();

b ]
const auto& custom = scope.getOptional<RenderGraphCustomFinalTexture>(); a Constructlon phase

auto finalTexture = build.read(
custom ? custom->finalTexture
| : scope.get<RenderGraphFinalTexture>().finalTexture, RenderBindFlags::ShaderResource);

auto outputTexture = outputTexData.outputTexture = build.write(outputTexData.outputTexture, RenderBindFlags::UnorderedAccess);

RenderPoint point = {};
RenderBox box = {};

box.w = viewData.viewWidth;
box.h = viewData.viewHeight;

E return [=](RenderGraphRegistry& registry, RenderCommandlList& commandlist)

commandlList.copyTexture( é Evaluatlon phase

registry.getTexture(outputTexture),
GJ

point,
registry.getTexture(finalTexture),
GJ

box);

1
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Render Graph

Explicit heterogeneous mGgM

Parallel fork-join approach

»

Resources copied through system»»

memory using copy gueue

A ~1ms for every 15mb transferred

Minimize PCIE transfers
A Immutable data replicated
A Tightly pack data

-
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[Arewiid] T uonnred

[Arepuooas] g uonnied

[Arepuooss] ¢ uonied

[Arepuooas] ¢ uomued



Render Graph

A
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Workloads are divided into p
A Based on GPU device count

Single primary device

Other devices are secondaries

A

Variety of scheduling and transfer ¢ /
patterns are necessary

[Arewiid] T uonnred

Simple rules engine

[Arepuooas] g uonnied

[Arepuooss] ¢ uonied

[Arepuooas] ¢ uomued
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Render Graph

A Run ray generation on prirggxy

A Copy results in sub-regions to -U/\
GPUs '

Ray
Generation

A Run tracing phases on separate GPUs Copy Sub Regions

4
A Copy tracing results back to primary /
GPU

Copy Sub Regions

A Run filtering on primary GPU l | Filter
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Render Graph
A Only width is divided ) y

A Simplifies textures vs. buffers

A Passes are unaware of GPU un‘, H

m <4 , > <1 1 o
glm: :vec4 partitionWindow = scheduleData.mgpuShadows ? registry.partitionIsolated() : registry.partitionAll();
const uint32 dispatchOffset = uint32(desc.width * partitionWindow.x);

const uint32 dispatchWidth = uint32(desc.width * partitionWindow.z);

[/ siein

commandList.dispatch2d(
pipelineState,
{ ShaderArgument(dynamicConstants.buffer, constantsOffset, registry.createShaderViews(srvs, uavs)) },
dispatchWidth, desc.height

)5




B ' Halcyon Browser - MGPU - Primary: NVIDIA GeForce GTX 1080 - Secondary: NVIDIA GeForce GTX 1080 - O

File Window Scene Display View Camera Debug GPU
ew Mode: Default :
Display Mode: Full

g

A Lots of fun coordinate snapping bugs
A ZURU 2 eRbU nil | &ZeZr



