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royalty-free, open standard APIs to enable software to access hardware
acceleration for 3D graphics, parallel computing and vision processing
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The Need for a New Generation GPU API

« Explicit

- Direct GPU control, predictable - no driver surprises
 Faster

- Reduce CPU overhead and latency, multi-thread scaling
 Portable

- Efficient on cloud, desktop, console, mobile and embedded

(70 In
o
O:
Z
z OpenGL has evolved over 25 years and GPUs are increasingly programmable and GPUs will accelerate graphics, compute, vision
I continues to meet industry needs - but there is compute capable + platforms are becoming and deep learning across diverse platforms:
a need for a complementary APl approach mobile, memory-unified and multi-core FLEXIBILITY and PORTABILITY are key
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Three New Generation GPU APlIs
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Only Windows 10 Only Apple

- ] :
v B = &= Windows10

vu I i(a n MWIfI:lé:WSXp W \Vindows 8

K
Cross Platform % @ T I Z E N
ubuntu |

SteamOS

N

redHat

Vulkan is extensible - just like OpenGL - and so is the new only generation API
where hardware vendors can deliver innovations to market whenever they need
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CoenGLES.

Application

Single thread per context

v

High-level Driver
Abstraction

Context management
Memory allocation
Full GLSL compiler

Error detection

Layered GPU Control

Application
Memory allocation
Thread management

Vulkan Explicit GPU Control
. QVaikan.

Synchronization
Multi-threaded generation
of command buffers

v v v

Thin Driver
Explicit GPU Control

GPU

GPU

Vulkan 1.0 provides access to
OpenGL ES 3.1 / OpenGL 4.X-class GPU functionality
but with increased performance and flexibility

Language Front-end

Compilers
Initially GLSL

GPR.

SPIR-V pre-compiled
shaders

Loadable debug and
validation layers

Vulkan Benefits

Resource management in app code:
Less driver hitches and surprises

Simpler drivers:
Improved efficiency/performance
Reduced CPU bottlenecks
Lower latency
Increased portability

Multi-threaded Command Buffers:
Command creation can be multi-
threaded

Multiple CPU cores increase
Graphics, copptamndddMA queues:

Work dispatch flexibility

SPIR-V Pre-compiled Shaders:
No front-end compiler in driver
Future shading language flexibility

Loadable Layers
No error handling overhead in
production code
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Vulkan Multi-threading Efficiency

CPU
Thread

CPU
Thread

CPU
Thread

1. Multiple threads can construct Command Buffers in parallel

Application is responsible for thread management and synch

Command
Buffer
CPU
Command Thread CPU
Buffer Thread
Command Command G PU
Buffer Queue
CPU
Command | Thread 2. Command Buffers placed in Command
Buffer Queue by separate submission thread
Applications can create graphics, compute
and DMA command buffers with a general
Command queue model that can be extended to more
Buffer heterogeneous processing in the future
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Vulkan Genesis

o
Khronos members from all VU I |(an

segments of the graphics industry Significant proposals, IP contributions Khronos’ first API
agree the need for new and engineering effort from many ‘hard launch’
generation cross-platform GPU API working group members February 2016
Unprecedented level of 18 months Specifications, Conformance Tests, SDKs, Reference Materials,
participation from game A high-energy Compiler front-ends, Samples - all open source...
engine developers working group effort Multiple Conformant Drivers on multiple OS

soNy Googe om=g QUALCOMWAN THiEY

PIXAR &unity AMDZT DV%A
O Oculus VR VALVE n (i@ ARM Q7

(\ COd epl ay " OXIDE o7 @ 3’{_,0‘“’}’ com. Imagination
Y
% A @Silicon
Vulkan Working Group Participants Vmwa re D—S DASSAULT  TRANSGAMING

SYUSTEMES
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Vulkan - No Compromise Performance

A Potential Performance Gain

N\
@GL -
‘Half Way New Gen’

Retains Traditional Binding Model
Mixes OpenGL ES 3.1/0OpenCL 1.2
C++11-based kernel language

Bindings to Objective-C and Swift
penG L‘ES (missing functionality such as
" Geometry Shaders)

(Vu likan.

Amount of work to port
from traditional

OpenGL or OpenGL ES
>

© Copyright Khronos Group 2016 - Page 9
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Which Developers Should Use Vulkan?

« Vulkan puts more work and responsibility into the application
- Not every developer will heed or want to make that extra investment

« Vulkan provides a choice for developers

- For many developers OpenGL and OpenGL ES will remain the most effective API
- Vulkan can be used to create new classes of end-user experience

Can your graphics
work creation be
parallelized?

Yes

Is your app
CPU bound?

\ 4

You’ll
do whatever
it takes to squeeze
Maximum perf
from a system

<Vu ikan.

You put
a premium on
avoiding
hitches

You can
manage your
graphics resource
allocations

lNo
QrenGLES.
CoerGL.

[
»

Yes
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The Power of a Three Layer Ecosystem

Application uses

Application

Applications utility libraries to
can use Vulkan speed
directly for development .
maximum Game Er.lgl.nes
flexibility and gl —~~ fully optimized
control Utility libraries over Vulkan
and layers /
N e
S ——— AN
TVuaican.
AN

Applications using game engines
will automatically benefit from
Vulkan’s enhanced performance

VALVE

Rich Area for Innovation
* Many utilities and layers will be in open source
* Layers to ease transition from OpenGL

* Layers to address intersection of Vulkan, DX12, Metal

» Domain specific flexibility
* Performance across diverse hardware

Similar ecosystem dynamic as WebGL
A widely pervasive, powerful, flexible foundation layer enables diverse middleware tools and libraries
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SPIR-V Transforms the Language Ecosystem

« First multi-API, intermediate language for parallel compute and graphics
- Natively represents structures in shader and kernel languages
- https://www.khronos.org/registry/spir-v/papers/WhitePaper.pdf

Diverse Languages
and Frameworks

Multiple Developer Advantages
Use same front-end compiler for all platforms Standard
Ship SPIR-V - not shader source code Tools for
Simpler and more reliable drivers gnazf‘zsa:l';‘r" ‘ SPIR r(?crtabled. ¢
Reduces runtime kernel compilation time P ntermediate

Representation
Hardware

runtimes on

multiple architectures
Qulkan. [ CoenGL.



https://www.khronos.org/registry/spir-v/papers/WhitePaper.pdf

™

SPIR-V Ecosystem
y shader Languages
Khronos has open sourced
these tools and translators

SPIR.

A

‘glslang’ GLSL to
SPIR-V compiler

Khronos plans to open
source these tools soon

++
https://github.com/KhronosGroup/SPIRV-Tools OpenCL C

SPIR-V Magic #: 0x07230203
SPIR-V Version 99
Builder's Magic #: 0x051a00BB
<id= bound is 50
0

OpMemoryModt_al
SPIR-V (Dis)Assembler S LLVM to SPIR-V
OpEntryPaint Bi-directional

Fragment shader
function <id= 4

Translator

4 SPIR-V Validator LLVM

OpTypeFunction
<id> is 3
return type <id= is 2

Other OpFu;:sil(::Type <id= is 2
SPIR-V Intermediate Result <0 154
» Khronos defined and controlled Forms Function Type <id> s 3
cross-APl intermediate language ]
* Native support for graphics @R" .
I~
and parallel constructs
* 32-bit Word Stream
» Extensible and easily parsed IHV Driver
- Retains data object and control v "% €U ARB_gl_-‘@
. : enGL. :
flow information for effective Runtimes openct Vuikan. D extension
code generation and translation

© Copyright Khronos Group 2016 - Page 13
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Vulkan Developer Resources

Vulkan 1.0 Quick Reference,

Qilkan. KHRON os ’

LunarG® Vulkan™ SDK

As the first comprehensive Vulkan SDK for Windows® and Linux operating systems, the LunarG® Vulkan™ SDK

includes everything you need to get started in the Vulkan APl development environment.

www.khronos.org/vulkan/

Canonical Resources
Specifications, Header Files
Feature Set Definitions

(Windows and Linux - post developer feedback)
Quick Reference and Reference Pages
Conformance Test Source and Test Process

Materials to Build SDKs and Tools

Compiler toolchain sources
Validation Layer Source
Loader Source
Layers and Loader documentation
(open source resources in github.com/KhronosGroup)

Everything needed to create SDKs
for any platform or market

LunarG

Windows and Linux Installable SDKs

Loader and Validation Layer binaries

Tools Layers - source and binaries

Samples - source and binaries
Windows get started guide

Download the LunarG Vulkan SDK for Windows or Linux

The SDK is open-source and freely available to all.

https://lunarg.com/vulkan-sdk/

IHV Websites
Drivers and Loader
Vendor tools and layers

Third Party Websites
Layers, Samples etc.

DEMOQOS, SAMPLES & ENGINES

Download demos and apen source samples to take your new Vulkan API for a test

drive - and get a heads up on Vulkan resources which w arriving soon

Imagination y,

;;m bert «g Sascha

vomer  NVIDIA,  Willems unEEAL

MoltenVK

VULKAN DRIVERS

Behind every great API are the drivers that bring it life on your GPU. Download the

latest drivers for your system that now include Vulkan 1.0.

ampa Q7 . |

Imagination NVIDIA.
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Vulkan Open Source

» A huge amount of Vulkan activity on GitHub! R ¢

- https://github.com/KhronosGroup

- Please get involved! All projects under Apache 2.0

« Open Source Tools

- RenderDoc - Graphics debugger
- Baldur Karlsson

- Vulkan-hpp - C++ Wrapper for Vulkan
- Markus Tavenrath / Andreas SuBenbach, NVIDIA

Search

| [J Repositories
<> Code
@® Issues

L Users

S e g
i 5
O Pull requests Issues  Gist

41 We've found 431 repository results

37,998

lkan

- SPIRV-Cross - Cross-compiler / reflection tool

- Hans-Kristian Arntzen, ARM

O This repository

| cinder / Cinder

Pull req

<> Code Issues 164 Pull requests 29 Wiki

Cinder is a community-developed, free and open source library fc

D 6,432 commits ¥ 4 branches

Ports

O This repository

baldurk / renderdoc

Pull req

<> Code Issues 53 Pull requests 0 Wiki f

RenderDoc is a stand-alone graphics debugging tool. https://rem

{0 3,610 commits ¥ 1 branch

Tools

O This repository

Overv / VulkanTutorial

Pull req

<> Code Issues 0 Pull requests 0 Wiki Pu

Tutorial for the Vulkan graphics and compute API https://vulkan-t

D 58 commits i# 1 branch

Tutorials
© Copyright Khronos Group 2016 - Page 15
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Vulkan Adoption- Hardware

« Conformant GPUs

AMDU ARM Q3 @ QUALCOMW

Imagination NVIDIA.

» Desktop Hardware
- AMD GCN (production)
- Intel Skylake and Broadwell (beta, production coming soon)
- NVIDIA GeForce and Quadro boards on Windows and Linux (production)
- Kepler, Maxwell, Pascal GPUs
» Mobile and Embedded Hardware
- Samsung Galaxy S7
- NVIDIA Shield Tablet, Shield Android TV, Jetson TX1 (Linux)

- Google Nexus 5X, 6P, Player, Pixel C (Android N Developer Preview)
- Lots more on the way!



http://www.amd.com/

PN

Talos Principle on Vulkan port of Serious Engine

™

N Y TEK

> e\ 140 CRYZNGINZ
OZ .3 : ‘ Vulkan support in Mid October 2016
ZZ
)4 2
x=NKO ££ Silicon Studio
(™4 Jy : Vulkan support in V1.8
I Doom's uIn atch is a PC performance game-’; DOOM on Vulkan port

changer ;

: : -+ N S I e v W of .id Tech 6
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Android Daydream VR

o el -
Daydream uses Unity and Unreal 1 .
- accelerated over Vulkan ‘

Daydream =

Google's platform for high-quality mobile VR

T

&

Qunity  Doydream

(Vul“kan

<)

UNREAL Daydream

EEEEEE
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MoltenVK

* MoltenVK is an implementation
of Vulkan on iOS & MacOS
- Made by Brenwill Workshop
- Built over Metal

« Vulkan & Metal are both static-
state, command-buffer APIs
- Small overhead - so MoltenVK
has good performance

« MoltenVK feature set
dependent on Metal
> - Metal’s focus is on providing
a convenient API
- MoltenVK is a subset of
Vulkan - helps define
cross-platform compatibility

NOS

https://moltengl.com/moltenvk/

KHRO

© Copyright Khronos Group 2016
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Khronos Roadmap Possibilities in Discussion

SPIR-V Ingestion in OpenVX and
OpenGL for programmable node and
shading language flexibility

Thin and
predictable

systems

Khronos members decide how to evolve
and mix and match a rich set of APIs and
technologies to meet market needs

graphics and
compute for
safety critical

OOpenVX.
penGL.

penGL|SC.

SPIR.
(Vurkan,..

Vulkan Roadmap Priorities
- Multi-GPU
- Virtual Reality (asynch compositing, efficient
multi-view rendering, direct screen access)
- Cross-APIl/process resource/event interop
- Subgroup instructions (e.g. shader ballot)
- Rigorous memory model

1. C++ Shading Language
2. Single source C++
Programming from SYCL

3. OpenCL-class
Heterogeneous Compute to
Vulkan runtime

© Copyright Khronos Group 2016 - Page 20
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Thank You!

 Please contribute to the Vulkan ecosystem
Give us feedback!

« NVIDIA Vulkan developer hub
www.khronos.org/vulkan/
- We need examples, tutorials, demos, tools...
Note - watch for RFQs forthcoming at www.khronos.org

 Let us help you promote your use of Vulkan!
Got a cool Vulkan-generated video?
Let us host and promote it!
Send mail to marketing@khronos.org

« Any company or organization is
welcome to join Khronos for a voice and
a vote in the evolution of Vulkan!

Vulkan 1.0 Quick Reference

Vulkan™ is a graphics and compute AP| consisting of procedures
and functions to specify shader programs, compute kernels, objects,
and operations involved in producing high-quality graphical images,
specifically color images of three-dimensional objects. Vulkan is
also a pipeline with programmable and state-driven fixed-function
stages that are invoked by a set of specific drawing operations [nan]

Specification and additional resources at
wwwikhronos.org fvulka

Wulkan. kH RONQS

Color coded names as follows: Function names and Structure names

Vulkan AP 1

[ Indicates a page in this reference guide for mare information.
X Indicates reserved for future use.

Return Codes [2.5.2]
Retur cxks ar epericd v VkB et et e
‘Success Codes [2.5.2.1]
Succes codes et roregaie
s

Physical Devices [2.1]
VkResult vkEnumeratePhysicalDevices(
insiane mstance,
anz t eicecoun,
WetyisiDeve: propscalDecesl;

Command Function Pointers 3.1]
e

eonst char g,

PN
ViDevice dece,
constehar *phiomel;

Instances [3.2]

VkResult vkCreateinstanc:
s potant,
P e,
Rinsian

wpenemmnwm ceCrestelnlo
istructureTyge sTyge;
const void *pliest
nsancecreselsg fogs T3

pecatanct agplcatonito |
uctreTyge sType

o
const éha r‘,uppnmum'(w

o3 opteron;
}Vikpplicataninto;
ok ey

2t ol
(mu e b e

eonst WhallocationCallzacks *palioeater]; 7]

" const* ppEncbledEtensionNomes;
idrstanceCreatelter

Command Buffers 5|

Devices
Devic Creaion [42.3]
s kCresieDeuic
JcalDevice
st Beneeescait: poesten,
e oo s, G0
e

typedel struct blbrnlw&ralrw-‘ 4

ViPiysicalDevice physicalDence,

const void® ket
WMDeeC

o
w32 1 queveCreatetfoCount;

Command Pools [5.1]
ViRes

iorman o
oo VecarepdPonk el pCecs
o ilcaCallics® .mfm (i

lvnml Struet VhCommandPociCreateinfs {
e

const
VkCommandPoolCreateFlags flags;
Lint 31,8 queveFamilindex;
VikCommandPaciCreateinda;
fiogs: VK COMMAND_POOL_CREATE_X_BIT where Xis
'RESET COMMAND. BUFFER, TRANSIENT

uint32_t apiversion;
32t driverversien;
Lint32¢ vendorlD;
Uint32_t devicelD;

uinG32_L enablediayerCaunt;

ViDevice device,

const char® eonst®

uint32 1
ons B ot poiettedEissioniomes:

ehar deweehame |
VE_MAX_ PHYSICAL DEVICE NAME SIZE:
eCacheU IOV U0 SITE],
ViFiicaDeviceLrits i
VhPisicaDevicesparseooperties sparsebropertes:
AP epropetes,
sereType:
VKPANSICAL DEVICE TYPE X where K
OTER, INTECRATED_SPU, HSCRETE GPU.
VRTUAL_GRU, CPU

typedef struct Vi PhysicalDeviceSparseProperties {
Vi

) VhBesieeCresteio
typeset

foge:
VE_COMMAND _POOL_RESET_RELEASE_RESOURCES BT
void kDestroyCommandpoal{

vkstm(mﬂ'pa SType:
* plext;
jeeQue e Createrlags lags; ET1
a3  maesram
s
e ories
[ttt

Device Idie [4.2.3]

ViBols2

WkDekce device];

i

[4.25)

VkBool31 residencyilgnedhipSice;

VikBool32 NonResidentStrict;

}VikPhysicaiDevicesparsePraperties;

woid vkGetP hysicalDevieeQueueFamilyProperties|
WPhsicalDeice physicalDece,

VikCemnenan(Posl compmandPsol.
const VkAllocationCallbacks® pallocator); (7]

Command Buffer Lifetime [5.2]
el ket eCommardtufes

B Alocateifs phllocoteins,
pCommandBufersy

e
V_COMMAND_BUFFER_LEVEL [PRIMARY. SECONDARY)
VEResult ukRasetComenandButier(

VkQueseFamilyProperties” ’

typedel struct viQueusamilyPropertes {
Oue eflags;

mage Tansecramstrty, 21
| W ueramproperes
ey

VE_QUIE X BT where X
‘GRAPHICS, COMPUTE, TRANSFER, SPARSE_SINOING

D ———r

Queues [4.3]

Queve Creation [43.2]

void jceQueas{
33 T et amipindey,
w33 queveindes,
ViQuete" pauesel

Queue Synchronization [43.5]

VkResult vkQueuewaitidle(
VkQueue queuel

ViCommandBuffectesetflags fogsl;

fags:
VI COMMAND_BUFFER RESET. RELEASE RESOURCES BT
void kFreeCommandBulfers
ndpsol,
uIM]Z " ommandiuercount
onst TxCammandBufter* pCommandBufers),

Continued on next page >

o khronas.org vulkan

https://www.khronos.org/files/vulkan10-reference-guide.pdf

www. khronos.org
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Jungwoo Kim, Samsung mobile
Advanced Mobile Gaming
with Vulkan



We did several things about Vulkan

* Early studies with corner case examples

* Proof of concept level demo implementation

* Do collaboration for porting real game engine

* Do collaboration for developing cool Vulkan demo
* Developing real Vulkan games for market

Exciting 1 year for Vulkan with Khronos and great game companies!



: Heavy Drawcalls

Early studies
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Proof of Concept demo



Porting Real Game Engine

* Ronin project with Epic Game for porting UE4 support Vulkan
* First goal was running Tappy chicken and SunTemple

LGPl load

. ‘ }1
" =




Developing cool demo : ProtoStar







Developing Real Vulkan Games

* We decided support game companies to port their games
* Tight schedule pushed us to focus on some specific directions




VainGlory : Performance Gain

* VainGlory was already well optimized and still near 60 fps in GLES

* ButVulkan gives everlasting 6o fps in any case with huge reduction

in memory usage by ASTC

Normal 4 %

Performance
Throttling | 30%
Power usage 5 %
Memory usage 25 %

nu.@qso\ *:;tﬁi qgm T "?\w f 1

2l
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HIT : More Visual Quality

* HIT is UE4 based mobile action RPG game
* We focus on adding more graphics effects with same performance
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HIT : More Visual Quality

* Samsung back ported all Vulkan RHI and new features related
changes from Ronin and UE4.12 into old version of UE4

» Advanced reflection, refraction, GPU particles and cinematic depth
of field effect were added

* NATGames changed stage design, assets and camera view to
maximize the impact of all these new graphics effects

* After adding and changing things, performance is exactly same and
game build passed publisher’s QA process with both chipsets

* Spending 6 weeks for E3 demo and another 6 weeks for market



Wrap-up

* Heavy drawcall is not only case having benefit of Vulkan in mobile

* Vulkan gives CPU off-load, predictable behavior by explicit control
and various ways to optimize games

* Vulkan drivers are not perfect but stable enough to make a game
* ASTCand SPV is essential, Vulkan will give more power with them
* No more driver magic, so you need to manage things by yourself

We will keep go on contributing to Vulkan and gaming industry!



Thank you!

If you have any questions, please contact
jwoo.kim@samsung.com or gamedev(@samsung.com
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Back-ups : Vulkan Tips 1/3

Fence O

CBO CB1 CB2 0 CBO

SUBMIT

mmon10200 il

ACQUIRE / PRESENT SWAPCHAIN IMAGES

€@ Recommend to use A big primary command buffer for corresponding back-buffer
and need to try to submit once a frame ( e.g. 3 back buffers requires at least 3 command buffers )
@ Should use "FIFO" instead of "MAILBOX" for SwapChain creation on Android

to get stable Queue/Dequeue based on vsync



Back-ups : Vulkan Tips 2/3

€ Recommend to not to bind render state every draw calls, need to remove duplications.
- there will be cases § functions are already bound at command buffer.
€ Recommend to use pipeline cache and caching everything as much as you can.
& Efficient managing of is key point of rendering optimization. ( e.g. using map )
€ Recommend to not to use local fence usage. ( local blocking command buffer submit )
€@ Recommend to use proper image layout for image resources. Especially for presentation and copy.
€@ Recommend to use fixed UniformBuffer for static objects to reduce calls.
- and also fixed uniformbuffer can be used for secondary command buffer optimization
€@ Recommend to use UniformBufferPool for dynamic objects
- Calling / can be optimized by mapping one single big memory
and referencing this memory through the several uniform buffers

- But, Please keep mind that should consider for memory offset.



Back-ups : VulkanTips 3/3
o e

Cé 0’ CB1 CB2 0 DO | CBO

Fence 0’ WAIT FOR
FENCE 0

w0 0102 00 AR —

ACQUIRE / PRESENT SWAPCHAIN IMAGES

@ Should use deferred deletion for vulkan related resources & objects
- Recommend to wait 3 frames till delete candidates are safely detached from it’s command buffer.
€ Recommend to use at least same count of UniformBuffers for it's CommandBuffers.
@ Please keep in mind that uniformbuffers at shader side should follow ‘std140 layout’ rules.
@ Should use uvec3 instead of ivec3 or vec3, when you using VK_FORMAT _R8G8B8_UINT for attributes type.

& Enabling validation layer will be very helpful to correct APl usage but should not trust error result 100%



=
= Silicon Studio

Vulkan Implementation in Xenko

Presentation by Pierre Rahier


http://www.siliconstudio.co.jp/
mailto:pierre@siliconstudio.co.jp

I
i Silicon Studio

What is Xenko?

Next Generation Game Engine
« Developed by Silicon Studio

« Preparing for virtual reality revolution

« Open source, free Beta version available

« Fully integrated C# 6.0 engine
« Cross platform support (mobile, PC, console)

« Designed Xenko rendering pipeline for next-gen APIs from inception
« Multi-threading the engine and porting to Vulkan helped the transition



I
i Silicon Studio

Porting Xenko to Vulkan

Designed our rendering pipeline for next-gen APIs
« Created our abstraction graphic layer (best of Vulkan & DirectX 12)

« Fine-grained parallelism for better scalability (instead of “system-on-a-thread”)

Multithreaded everywhere Multithreaded on Vulkan/D3D12
el Prepare Draw
& Extract ™ P ™\ ™
e Generate ¢ Permute shaders ‘ e Fill command list
|:—l\ view-points FJ_I\ e Fill cbuffer | N_e Perform draw calls
— 17| o Visibility test 1 ® Fill descriptor sets I
e Copy data from e Perform heavy
game state to computations
\render state / K / \ /
| Game state available Command list available |

| Time :>
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Results

« Benchmark demo (avallable on youtube)
\PI: OPEREL ™" . AP APT
DRawcal?s! 189 T
EP8: 58.1

(W

AL

X% Benchmarked on: Core i7 3.7 GHz, AMD Radeon RX 480
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Results

Draw Speed
calls/second:x | Increase
Same Benchmark

OpenGL 772k 100%
* 3.6Ghz, 4 cores CPU  piracix 11 1164k 151%
- NVidia Driver Vulkan 959k 124%
. CPU-Bound Vulkan Multi-threaded 2840k 368%

X Numbers above are in draw calls per seconds of rendering



I
i Silicon Studio

Our Experience

Difficulties
« Varying driver behaviors & performances (NVidia / AMD)

« CPU/GPU sync points hard to identify

Advantages

« No overhead for API calls

« Designed for multi-threading

« Easier debugging than OpenGl, DX11, DX12



I
i Silicon Studio

Future Work

« Optimize Vulkan implementation further
« Making full use of advanced Vulkan-features

« Adopt SPIR-V as internal shader preprocessing language



Thank you for listening!
CHESD DM ED T ETNELE!

For updates, follow us!
3


https://twitter.com/xenko3d
https://www.facebook.com/xenko3d/
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/Graphics SoC: VF2

.
5" o $HAIA A+ HEZS A] (7“?1‘&“'“7“3 74 v XLSI
* 3DY' 57 1 v Ri%HE(OpenGLES & U4 B #i3k) & 2DE&
O—T 4 ‘J7$§%ﬁ%€‘17ﬂ/7( e LT1=SoC

LSI Overview

CPU ARM Cortex-A7 Quad

Memory 16Mbyte embedded VRAM
DDR3-1600/DDR3L-1333

GPU OpenGLES3.0 GPU Quad core

OpenVG1.1 Vector graphics
2D blending acc.

Video H.264 decoder 1920x1080 @ 30fps x 24
Bus fabric DMP Loputo - Memory controller / Interconnect bus
Display Full HD 2iE @& Rl#f& 7~ (LCD controller x 5)
Fab TSMC 28nm
EEELSIFE [T D Vulkaniz iz  #E fi F T

= OpenGL ES IREEA b VUlkanIRIEANDBITICHE T 2 ERFERE BT 5me

©2016 Digital Media Professionals Inc. All copyrights reserved. /




OpenGL ES?’J‘/ o
VS\kanf\Gﬁgﬁ
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/OpenGLES:Vquanlzizﬁ L= H L\ VI

e

« RS A /NUEBRENT T
FTTRGPURY I DT TR, KA /\UNCPURIDOMENENDT 7Y I VulkanZ{E -
THEEFEEORLEEZSEONEFEA,
VulkanTIF—EARK L=a Y ENT 7IEEVEHL LAAEEE = F5 4/ \QONERRZ X
2R 5 5 T EES

e Explicit/ZgZ®ll#lIck Y. JUL—LL—FEEZHIEL =0
OpenGLES (X F S A4 /\HE T V—RXREEOshaderDE LA VNS ILDIEETES T L
— LTCUEBORENKESCEBTHEENH D,
VulkanlZ&E 7 7)) TERBIZHSNDT, EVMUEZES JL—LICHHT S ET—F
NDIL—LL—FEEH

« YILFALY FTGPUD T Y REER
OpenGLESIESingle Thread DIRIET TEI K DEXET=>Vulkan(IERET ML TILFRA LY KT
OY YV REREVY—RIV I TEEELTVET,
TARTDA TV FEEFHDR LY FIZEETEFEFT DT, EHOCPUD 7 ZREFIC
FHoTGPUOT Y FOEMIXAIEETT,

©2016 Digital Media Professionals Inc. All copyrights reserved.
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/OpenGLES/EGL:»Vquan APID< v E>Y
I
« OpenGL & Vulkangk it EDE LY
OpenGL(ES)ldstate machine. £EFDIE{EIXIEZEE Y WNIE

2XERIM D HBFDERETZET D EFE->TE M., IBREDHWKrendering
pipeline($-deferred render)& < v F L TL VALY,
I~°7*f/\lik¥“€'7]ﬂ£’d’%>7‘:&l NETLAWLADRE LN (e.g. A E)
NEE, FRIED-ODEREE/NT 7)

-Vulkan75\35 s I
GPUD )YV —RE&KRBRIZEDFAT 5=H. TR ESA1\BO->TWL
EFRLULMEBZEEMY TYICENAE T, 7TV FARLILEGREBLE (T
ROTE., BRAGANEZHINS
OpenGL(ES)& bR T, VulkanlZa< > kT 7, a9 Rdxa~—, A
TEE, NTJ7DEHFENDAPIZEML., TNOoDIEEL T/ T I
H5>FRIFTIBER H5H, OpenGLKE Y L ERICENMET HuleedEndHnd —

©2016 Digital Media Professionals Inc. All copyrights reserved.



BT T OK—F 4 oY
T

cBRET IVEZFDEFER—T A VI TEHIRTLENSLZLDE
Vulkan & OpenGL(ES)DE%EHIXE S DT, BXFD 7 7') DGLES API% xt
IDVUlkan APIIZZDEFEFBATH (LW ERE-FHE) IEOXREL
Ronizivhg

. %él%Vulkan@*'J)ﬁ"&?l "“.:fn':l:'n'd’liléiis EARN 5VulkanDEETIZA -

7)) z2EYETRENHY

AAAAAAAAAAAAAAAAAAAAAAA
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OpenGLES (EGL) = Vulkan®~< v E >4

* Program/Shader » Other
* Program = VkPipeline « TransformFeedback = None (TF is removed
- Shader = VkShaderModule from Vulkan)

VertexArray = VkPipeline

Querie = VkQueryPool

(Other States) =VkPipeline

Sync = VKkFence

(Command Buffer) = VkCommandBuffer
- (Render Queue) = VkQueue

* ProgramPipeline=VkPipeline
* (Resource binding) = VkPipelineLayout,

VkDescriptorSet
- Buffer, Image, Sampler

« Buffer = VkBuffer
« UniformBuffer = VkBufferView

- SSBO = VkBufferView « EGL

« Framebuffer = VkFramebuffer, VkRenderPass « EGLDisplay = VkPhysicalDevice, VkDevice

- Renderbuffer = Vkimage, VkimagelLayout + EGLContext = VkQueue, VkCommandBuffer
« Texture = Vkimage, VkimagelLayout + EGLSurface = VkSurfaceKHR,

- Image = VkimageView VkSwapchainKHR

« Sampler = VkSampler

ELIC11T v EVY TIEE LY

M. BEITEWNE/

©2016 Digital Media Professionals Inc. All copyrights reserved.



TINARAAEY
I
* Heap, Memory, Resource, View
Heap: Device LFHET A A E Y, BIEIZCK > T#HIEEE (e.g. CPUT
mmap T&E % A ) 585, Device LME LA E ) fEIE &, )
Memory: Deviceh™ 5 VkAllocateMemory()TA E ) #BiF. TDAE &
resourcelZattach L T. & Dresource® * E') & L THEH

Resource: VulkanTI&E I =3 £ Dresource (Buffer&Image)
Buffer(&vertex data t>uniform datah’ A 5%,
Imagel(dtexturedh % L )Idrendering target(Z 7 5,
Resource £ (& A £ I AERE SN,
vkBindBufferMemory+>vkBindimageMemory TZNZEN{E 5 A E!) Zattach9 5,

View:
Buffer viewl&shaderh bbufferzaccess 98D, 77ty bET+—7 Y FDIREH
Image viewld shader ' image % access T HFD I+ —< v k&rangeDIER

©2016 Digital Media Professionals Inc. All copyrights reserved.



Vulkan API objectBE{% X

VkBufferView S VkBuffer

> VkDeviceMemory g VkDevice
VkimageView pme Vkimage

©2016 Digital Media Professionals Inc. All copyrights reserved.



/ Resource management
I
« FEVEREIXIEVMUELGZDOT, 7I7VEREMDIKEDEAEY D
;DEJ‘Z DERMFEL. &' V—RXIZTES Tsub-blocklZH &I 5FKE %
« )V —RZAIX Y FNT 7ITEDRICEED A £ Zattachd % i
ZENHY. ZEOATY FNTETETEEDAEY IR TSR

c TN HLAME(IVUulkanTIE 7 7Y OEFEIZHE > TV,

©2016 Digital Media Professionals Inc. All copyrights reserved.



/Memory Aliasing

A

° OpenGLES&J&o’C Vulkan®buffer&imagelIBHR TAEY ZEETZE S

E SresourceDEBITEIL A Y R Zattachd b5 & FD A E ) X lfattacha =) Y —
AIZHBEENFET,

=Memory Aliasing & FE [N %

c AEDHEBIFEED) Y —ABETHEE
Buffer & Buffer¥2Image & Image?= 1+ Tl& %k < . Buffer&Imaged ®I&E
S FEAMEDoverlap L TWVEW) Y —X([EAFYDOHEFIZCEYFRA T ZEH

HBEN=)V—RABTIE—D2DY) V—RIZH L TOESAH D) V) —
Z%QEJJEI’]( RERSN B
FE & LT ImageltilinghVK_IMAGE_TILING_LINEAR, #MDlayouths

VK_IMAGE_LAYOUT PREINITIALlZEDﬁJé L\[IVK IMAGE LAYOUT GENERAL@H#T’
[+. CPUMNDFNDAEIZx L ThaccessMARIZHE > TS,

Buffer& ImageDfEIC A E!) DEEFZI HFF. T DImageHhCPUM HaccesshHhER L v 73
Ly& . BufferdZE FAHDEER ZImagefllh 5 & B & Undefined(Z7: 5,

©2016 Digital Media Professionals Inc. All copyrights reserved.
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/*)J,EH1|:75\15:|7‘/ F¥Xa—&aT 2 FINT7HER

/ﬁ'mceéﬁ{?%biﬂ' err = vkCreateAndroidSurfaceKHR(demo->inst, &createlnfo, NULL, >swapchainlmageCount * sizeof(Vkimage));
err = vkCreatelnstance(&inst_info, NULL, &demo->inst); &demo->surface); err = demo->fpGetSwapchainimagesKHR(demo->device, demo-
I physical deviceZz ! JAMEIBLET >swapchain,
err = VkEnumeratePhysicalDevices(demo->inst, &gpu_count, /l Swapchainz &£ RLET &demo->swapchainlmageCount,
physical_devices); const VkSwapchainCreatelnfoKHR swapchain = { swapchainlmages);
Il feBADphysical deviceZ {5 SType =
demo->gpu = physical_devices[0]; VK_STRUCTURE_TYPE_SWAPCHAIN_CREATE_INFO_KHR, Il Swapchain®@Image®ImageViewZ{EYE T
.pNext = NULL, for (i = 0; i < demo->swapchainimageCount; i++) {
Il DeviceZ 4 Al .surface = demo->surface, ! VklmageViewCreatelnfo color_attachment_view = {
err = vkCreateDevice(demo->gpu, &device_info, NULL, &demo->device); VkSurfaceKHRZL & .sType = VK_STRUCTURE_TYPE_IMAGE_VIEW_CREATE_INFO,
I/ Queue propertiesZERFLET .minimageCount = desiredNumberOfSwapchainimages, .pPNext = NULL,
vkGetPhysicalDeviceQueueFamilyProperties(demo->gpu, &demo- .imageFormat = demo->format, format = demo->format,
>queue_count, demo->queue_props); .imageColorSpace = demo->color_space, .Image = swapchainlmagesi];
/| GRAPHICS DB % Y R—F 3 BHqueueZiRLET imageExtent = .components = {
for (i = 0; i < demo->queue_count; i++) { .= VK_COMPONENT_SWIZZLE R,
if ((demo->queue_props|i].queueFlags & .width = swapchainExtent.width, .height = swapchainExtent.height, .g = VK_COMPONENT_SWIZZLE_G,
VK_QUEUE_GRAPHICS_BIT) = 0) 3 .b=VK_COMPONENT_SWIZZLE_B,
graphicsQueueNodelndex = i; .imageUsage = VK_IMAGE_USAGE_COLOR_ATTACHMENT_BIT, .a=VK_COMPONENT_SWIZZLE_A},
IFEE D queueZRBLET .preTransform = preTransform, .subresourceRange = {.aspectMask =
vkGetDeviceQueue(demo->device, demo->graphics_queue_node_index, .compositeAlpha = VK_COMPOSITE_ALPHA_OPAQUE_BIT_KHR,  VK_IMAGE_ASPECT_COLOR_BIT,
0, &demo->queue); .mageArrayLayers = 1, .baseMipLevel = 0,
.ImageSharingMode = VK_SHARING_MODE_EXCLUSIVE, JevelCount =1,
/ Command PoolZ & % .queueFamilylndexCount = 0, .baseArrayLayer = 0,
err = vkCreateCommandPool(demo->device, &md_pool_info, NULL, .pQueueFamilyindices = NULL, JayerCount = 1},
&demo->cmd_pool); .presentMode = swapchainPresentMode, viewType = VK_IMAGE_VIEW_TYPE_2D,
.oldSwapchain = oldSwapchain, flags =0,
I/ command buffer Z&LET .clipped = true, I3
vkAllocateCommandBuffers(demo->device, &emd_info, &demo->cmd); h err = vkCreatelmageView(demo->device, &color_attachment_view,
/I VkSurfaceKHRZ=H R LFE 5 err = CreateSwapchainKHR(demo->device, &swapchain, NULL, &demo- NULL, &demo->buffers[i].view); - —
1 Win32 >swapchain); }

err = vkCreateWin32SurfaceKHR(demo->inst, &createlnfo, NULL, &demo-
>surface); Il Swapchain®@ImageZERGLET
/I Android VkImage *swapchainlmages = (Vkimage *)malloc(demo- / D l I ' :
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OpenGL Mstate & shaderD1F#H;IEVulkan TIEX2EB VKkPipeline DA T =9 FZE&FE
nd

ShaderT{# 5 Resource (Texture, Uniform Buffer & /HV)[&DescriptionSet TR E T AL E
VkPipelin ) 35 %
memset(att_state, 0, sizeof(att_state));
att_state[0].colorWriteMask = 0xf;
att_state[0].blendEnable = VK_FALSE;

cb.attachmentCount = 1;
cb.pAttachments = att_state;

— [T PipelineE B FA D 1 &
VkGraphicsPipelineCreatelnfo pipeline;
VkPipelinelnputAssemblyStateCreatelnfo ia;
VkPipelineRasterizationStateCreatelnfo rs;
VkPipelineColorBlendStateCreatelnfo cb;
VkPipelineDepthStencilStateCreatelnfo ds;
VkPipelineViewportStateCreatelnfo vp;

VkDynamicState
dynamicStateEnables[VK_DYNAMIC_STATE_RANGE_SIZE];
VkPipelineDynamicStateCreatelnfo dynamicState;

memset(&shaderStagés, 0,2* sizeof(VkPipeI'ineSHaderStageCreateInfo));

IIVSE&TE

shaderStages[0].sType =
VK_STRUCTURE_TYPE_PIPELINE_SHADER_STAGE_CREATE_INFO;

shaderStages[0].stage = VK_SHADER_STAGE_VERTEX_BIT;

shaderStages[0].module = demo_prepare_vs(demo);

shaderStages[0].pName = "main”;

I/l Viewport & Scissor 885 . CCITBIMICEZ AHRICRELET
vp.sType =
VK_STRUCTURE_TYPE_PIPELINE_VIEWPORT_STATE_CREATE_INFO;
vp.viewportCount = 1;
dynamicStateEnables[dynamicState.dynamicStateCount++] =
VK_DYNAMIC_STATE_VIEWPORT;

/I FSE%5E
shaderStages[1].sType =
VK_STRUCTURE_TYPE_PIPELINE_SHADER_STAGE_CREATE_INFO;

/I Primitive typeZ Triangle List IZ5& €
ia.sType =

VK_STRUCTURE_TYPE_PIPELINE_INPUT_ASSEMBLY_STATE_CREAT
E_INFO;
ia.topology = VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST;

vp.scissorCount = 1;
dynamicStateEnables[dynamicState.dynamicStateCount++] =
VK_DYNAMIC_STATE_SCISSOR;

shaderStages[1].stage = VK_SHADER_STAGE_FRAGMENT_BIT;
shaderStages[1].module = demo_prepare_fs(demo);
shaderStages[1].pName = "main”;

Il Rasterization§& 5 (Polygon Mode, Culling, Depth Range/Bias§%5E) // Depth, Stencil TestE%5E Il PipelineE AL ET

rs.sType = ds.sType = pipeline.pVertexinputState = &vi;
VK_STRUCTURE_TYPE_PIPELINE_RASTERIZATION_STATE_CREATE_IVK_STRUCTURE_TYPE_PIPELINE_DEPTH_STENCIL_STATE_CREATE_ pipeline.pInputAssemblyState = &ia;
NFO; INFO; pipeline.pRasterizationState = &rs;

rs.polygonMode = VK_POLYGON_MODE_FILL;

rs.cullMode = VK_CULL_MODE_BACK_BIT;

rs.frontFace = VK_FRONT_FACE_COUNTER_CLOCKWISE;
rs.depthClampEnable = VK_FALSE;
rs.rasterizerDiscardEnable = VK_FALSE;

rs.depthBiasEnable = VK_FALSE;

rs.lineWidth = 1.0f;

// Blend. Color MaskZ%5E

cb.sType =
VK_STRUCTURE_TYPE_PIPELINE_COLOR_BLEND_STATE_CREATE_|
NFO;

ds.depthTestEnable = VK_TRUE;

ds.depthWriteEnable = VK_TRUE;

ds.depthCompareOp = VK_COMPARE_OP_LESS_OR_EQUAL;
ds.depthBoundsTestEnable = VK_FALSE;

ds.back.failOp = VK_STENCIL_OP_KEEP;

ds.back.passOp = VK_STENCIL_OP_KEEP;
ds.back.compareOp = VK_COMPARE_OP_ALWAYS;
ds.stencilTestEnable = VK_FALSE;

ds.front = ds.back;

/| Shader stageS% T : VSEFS= D MstageZ E& E
pipeline.stageCount = 2;

pipeline.pColorBlendState = &cb;
pipeline.pMultisampleState = &ms;
pipeline.pViewportState = &vp;
pipeline.pDepthStencilState = &ds;
pipeline.pStages = shaderStages;
pipeline.renderPass = demo->render_pass;
pipeline.pDynamicState = &dynamicState;

err = vkCreateGraphicsPipelines(demo->device, demo->pipelineCache;4—

&pipeline, NULL, &demo->pipeline);

M
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/.

Vertex array

— Tl vertex data // Vertex Data ZaE—LF ¥ vi_attrs[0].location = 0;
const float vb[3][5] = { err = vkMapMemory(demo->device, demo- vi_attrs[0].format =
[* position texcoord */ >vertices.mem, 0, VK_FORMAT_R32G32B32_SFLOAT;
{-1.0f, -1.0f, 0.25f, 0.0f, 0.0f}, mem_alloc.allocationSize, 0, &data); vi_attrs[0].offset = 0;
{ 1.0f, -1.0f, 0.25f, 1.0f, 0.0f}, memcpy(data, vb, sizeof(vb));
{ 0.0f, 1.0f, 1.0f,  0.5f, 1.0f}, vkUnmapMemory(demo->device, demo->vertices.mem);  // Vertex atribute 15%5€
|3 vi_attrs[1].binding = VERTEX_BUFFER_BIND_ID;
/| BufferlCAEYZETF7HAYFLET vi_attrs[1].location = 1;
/| Bufferz £ LET err = vkBindBufferMemory(demo->device, demo- vi_attrs[1].format = VK_FORMAT_R32G32_SFLOAT;
err = vkCreateBuffer(demo->device, &buf_info, NULL, >vertices.buf, vi_attrs[1].offset = sizeof(float) * 3;
&demo->vertices.buf); demo->vertices.mem, 0);
I/ VkPipelineVertexInputStateCreatelnfo5% 5€ vi ->
/| AEVERE / DescriptionE% 7E pipeline &= ¥ B {58 F
VkMemoryAllocatelnfo mem_alloc; VkPipelineVertexInputStateCreatelnfo vi; vi.sType =
mem_alloc.allocationSize = mem_regs.size; VkVertexInputBindingDescription vi_bindings[1]; VK_STRUCTURE_TYPE_PIPELINE_VERTEX_INPUT_ST
vkGetBufferMemoryRequirements(demo->device, demo-  VkVertexInputAttributeDescription vi_attrs[2]; ATE_CREATE_INFO;
>vertices.buf, &mem_reqs); vi.pNext = NULL;
memory_type_from_properties(demo, / Vertex Buffer Binding&% 5 vi.vertexBindingDescriptionCount = 1;
mem_reqgs.memory TypeBits, vi_bindings[0].binding = VERTEX_BUFFER_BIND_ID; vi.pVertexBindingDescriptions = vi_bindings;
VK_MEMORY_PROPERTY_HOST_VISIBLE_BIT | vi_bindings[0].stride = sizeof(vb[0]); vi.vertexAttributeDescriptionCount = 2;
VK_MEMORY_PROPERTY_HOST_COHERENT _BIT, vi_bindings[0].inputRate = vi.pVertexAttributeDescriptions = vi/ attrs;
&mem_alloc.memoryTypelndex); VK_VERTEX_INPUT_RATE_VERTEX;
. -
err = vkAllocateMemory(demo->device, &mem_alloc,
NULL, &demo->vertices.mem); /I Vertex attribute 05% &
vi_attrs[0].binding = VERTEX_BUFFER_BIND_ID; D m :




F

ramebuffer

J—
Il Framebuffer attachment, 0{&Color buffer, 1(&Depth buffer

VklmageView attachments[2];
attachments[1] = demo->depth.view;
const VkFramebufferCreatelnfo fb_info = {
.sType = VK_STRUCTURE_TYPE_FRAMEBUFFER_CREATE_INFO,
.PNext = NULL,
renderPass = demo->render_pass,
.attachmentCount = 2,
.pAttachments = attachments,
.width = demo->width,
.height = demo->height,
layers =1,

b

demo->framebuffers = (VkFramebuffer *)malloc(demo->swapchainimageCount *
sizeof(VkFramebuffer));
/| Swapchain Image D # =& 4>t TFramebufferz £ LET
for (i = 0; i < demo->swapchainimageCount; i++) {
attachments[0] = demo->buffers]i].view;
err = vkCreateFramebuffer(demo->device, &fb_info, NULL,
&demo->framebuffersi]); _—




/
LA —I/\R

—TColor attachment JoadOp = VK_ATTACHMENT_LOAD_OP_CLEAR, const VkRenderPassCreatelnfo rp_info = {
const VkAttachmentReference color_reference = { .storeOp = VK_ATTACHMENT_STORE_OP_STORE, sType =
.attachment = 0, Jayout = .stencilLoadOp = VK_STRUCTURE_TYPE_RENDER_PASS_CREATE_INFO,
VK_IMAGE_LAYOUT_COLOR_ATTACHMENT_OPTIMAL, VK_ATTACHMENT_LOAD_OP_DONT_CARE, .pNext = NULL,
I3 .stencilStoreOp = .attachmentCount = 2,
// Depth/Stencil attachment VK_ATTACHMENT _STORE_OP_DONT_CARE, .pAttachments = attachments,
const VkAttachmentReference depth_reference = { JnitialLayout = .subpassCount = 1,
.attachment =1, VK_IMAGE_LAYOUT_COLOR_ATTACHMENT_OPTIMAL, .pSubpasses = &subpass,
Jayout = finalLayout = .dependencyCount =0,
VK_IMAGE_LAYOUT_DEPTH_STENCIL_ATTACHMENT_OPTIMAL, VK_IMAGE_LAYOUT_COLOR_ATTACHMENT_OPTIMAL, .pDependencies = NULL,
3 b %
Il Subpassi® M=
const VkSubpassDescription subpass = { { /l Render Passx 4R LET
.pipelineBindPoint = VK_PIPELINE_BIND_POINT_GRAPHICS, format = demo->depth.format, err = vkCreateRenderPass(demo->device, &rp_info, NULL, &demo-
flags =0, .samples = VK_SAMPLE_COUNT_1_BIT, >render_pass);
.inputAttachmentCount = 0, JoadOp = VK_ATTACHMENT_LOAD_OP_CLEAR,
.pInputAttachments = NULL, .storeOp = VK_ATTACHMENT_STORE_OP_DONT_CARE,
.colorAttachmentCount = 1, .stencilLoadOp =
.pColorAttachments = &color_reference, VK_ATTACHMENT _LOAD_OP_DONT_CARE,
.pResolveAttachments = NULL, .stencilStoreOp =
.pDepthStencilAttachment = &depth_reference, VK_ATTACHMENT _STORE_OP_DONT_CARE,
.preserveAttachmentCount = 0, JnitialLayout =
.pPreserveAttachments = NULL,
k VK_IMAGE_LAYOUT_DEPTH_STENCIL_ATTACHMENT_OPTIMAL,
// Render Pass attachment{&# finalLayout =
const VkAttachmentDescription attachments[2] = { P
[0]1= VK_IMAGE_LAYOUT_DEPTH_STENCIL_ATTACHMENT_OPTIMAL,
{ 3
format = demo->format, I3
samples = VK_SAMPLE_COUNT 1_BIT, I/ Render Passi#R M

/ DIGITAL MEDIA PROFESSIONALS



L

/ Texture

« OpenGLTIldtextureiZE 9 8. K354 /\NLBEERIIZHWDLiling & layout(Z
Y 50, VukanTIIEEHFEHTHLEINE

o TextureiXEDFIIE

1.

2.

3.

X EA®Dimage. tiling=VK_IMAGE_TILING _LINEARZ% % E L THERL
(VK_MEMORY_PROPERTY_HOST VISIBLE BIT DEMEZEF DA T 2F 5 LE)
2% A Mimage, layoutZVK_IMAGE_LAYOUT PREINITIALIZEDIZE%%E L T. texture
dataZz a1 E—

HEA®DIimage. VK_IMAGE_TILING_ OPTIMAL#E%%E L TYERL

2% A Dimage Dlayout#VK_IMAGE_LAYOUT TRANSFER SRC OPTIMAL [ZZH,
F1-. HWEIE®OImage®layoutzVK_IMAGE LAYOUT TRANSFER DST OPTIMALIZ

Pyl
vkCmdCopylmage Tdata% % % FADimageh 5 HE A Dimage(Z3d E—

HEE A DimageDlayout = EREFE A DlayoutlZZEE (e.g.
VK_IMAGE_LAYOUT SHADER _READ ONLY OPTIMAL)

©2016 Digital Media Professionals Inc. All copyrights reserved.



Texture — ImageZ

— TNimage 4 R 1& %5

const VklmageCreatelnfo image_create_info = {

b

sType = VK_STRUCTURE_TYPE_IMAGE_CREATE_INFO,
.PNext = NULL,

.imageType = VK_IMAGE_TYPE_2D,

format = tex_format,

.extent = {tex_width, tex_height, 1},

.mipLevels =1,

.arrayLayers = 1,

.samples = VK_SAMPLE_COUNT_1_BIT,

tiling = tiling,

.usage = usage,

flags =0,

JinitialLayout = VK_IMAGE_LAYOUT_PREINITIALIZED

VkMemoryAllocatelnfo mem_alloc = {

b

sType = VK_STRUCTURE_TYPE_MEMORY_ALLOCATE_INFO,
.pNext = NULL,

.allocationSize = 0,

.memoryTypelndex = 0,

VkMemoryRequirements mem_reqs;

/llmageZF&ERLFET
err = vkCreatelmage(demo->device, &image_create_info, NULL, &tex_obj-
>image);

Il lmageZfE 9 HMemory BMEZERLFET
vkGetlmageMemoryRequirements(demo->device, tex_obj->image,
&mem_reqs);
mem_alloc.allocationSize = mem_regs.size;
pass = memory_type_from_properties(demo, mem_regs.memoryTypeBits,
required_props, &mem_alloc.memoryTypelndex);

/| MemoryEgi&
err = vkAllocateMemory(demo->device, &mem_alloc, NULL, &tex_obj->mem);

/l ImagelZMemoryZattach
err = vkBindImageMemory(demo->device, tex_obj->image, tex_obj->mem, 0);




/ Texture — Image Dataz% &
—Tmage Dataf¥&

const VkImageSubresource subres = {

.aspectMask = VK_IMAGE_ASPECT_COLOR_BIT,
.mipLevel’=0,
.arrayLayer =0,

b

VkSubresourceLayout layout;

void *data;

int32_t x, y;

// Subimage M layout{F ¥R Z H 15
vkGetlmageSubresourceLayout(demo->device, tex_obj->image, &subres, &layout);

// Map Memory
err = vkMapMemory(demo->device, tex_obj->mem, 0, mem_alloc.allocationSize, 0, &data);

/| Texture DataZatf—L %9
memcpy(data, texure_data, data_size);

//Unmap Memory
vkUnmapMemory(demo->device, tex_obj->mem);

©2016 Digital Media Professionals Inc. All copyrights reserved.
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Texture — Image LayoutZ &

S
/l Image layout® [&image meory barrierDE{ETERBLFET
VklmageMemoryBarrier image_memory_barrier = {
sType = VK_STRUCTURE_TYPE_IMAGE_MEMORY_BARRIER,
.pNext=NULL,
.srcAccessMask = srcAccessMask,
.dstAccessMask = dstAccessMask,
oldLayout = old_image_layout, // ZEE {ijdDlayout
nnewLayout = new_image_layout, // ZE 93 layout
.image = image,
.subresourceRange = {aspectMask, 0, 1, 0, 1}};

VkPipelineStageFlags src_stages = VK_PIPELINE_STAGE_TOP_OF_PIPE_BIT;
VkPipelineStageFlags dest_stages = VK_PIPELINE_STAGE_TOP_OF_PIPE_BIT;

/| BarrierZa YR\ D7ICANET

vkCmdPipelineBarrier(demo->setup_cmd, src_stages, dest_stages, 0, 0, NULL, 0, NULL, 1, &image_memory_barrier);
vkUnmapMemory(demo->device, tex_obj->mem);

AAAAAAAAAAAAAAAAAAAAAAA




/.

Texture — Image Data= E—

D
VkimageCopy copy._region = {
.srcSubresource = {VK_IMAGE_ASPECT_COLOR_BIT, 0, 0, 1},
.srcOffset = {0, 0, 0},
.dstSubresource = {VK_IMAGE_ASPECT_COLOR_BIT, 0, 0, 1},
.dstOffset = {0, 0, 0},
.extent = {staging_texture.tex_width,
staging_texture.tex_height, 1},

¥

vkCmdCopylmage(
demo->setup_cmd, staging_texture.image,
VK_IMAGE_LAYOUT_TRANSFER_SRC_OPTIMAL, demo->textures]il.image,
VK_IMAGE_LAYOUT_TRANSFER_DST_OPTIMAL, 1, &copy_region);

| CCTIEEBLEL=AS,
NZDARUREHATURF1—ICANG VN EERIZaF—LERA




Texture — Sampler

constVkSamplerCreatelnfo sampler = {

b

sType = VK_STRUCTURE_TYPE_SAMPLER_CREATE_INFO,
.pNext = NULL,

.magFilter = VK_FILTER_NEAREST,

.minFilter = VK_FILTER_NEAREST,

.mipmapMode = VK_SAMPLER_MIPMAP_MODE_NEAREST,
.addressModeU = VK_SAMPLER_ADDRESS_MODE_REPEAT,
.addressModeV = VK_SAMPLER_ADDRESS_MODE_REPEAT,
.addressModeW = VK_SAMPLER_ADDRESS_MODE_REPEAT,
.mipLodBias = 0.0f,

.anisotropyEnable = VK_FALSE,

.maxAnisotropy = 1,

.compareOp = VK_COMPARE_OP_NEVER,

.minLod = 0.0f,

.maxLod = 0.0f,

.borderColor = VK_BORDER_COLOR_FLOAT_OPAQUE_WHITE,
.unnormalizedCoordinates = VK_FALSE,

err = vkCreateSampler(demo->device, &sampler, NULL,

&demo->textures|i].sampler);




/

Texture — ImageView

VkimageViewCreatelnfo view = {

5

sType = VK_STRUCTURE_TYPE_IMAGE_VIEW_CREATE_INFO,
.PNext = NULL,

.Image = demo->textures]i].image,

viewType = VK_IMAGE_VIEW_TYPE_2D,

format = tex_format,

.components =

{
VK_COMPONENT_SWIZZLE_R, VK_COMPONENT_SWIZZLE_G,

VK_COMPONENT_SWIZZLE_B, VK_COMPONENT_SWIZZLE_A,
b

.subresourceRange = {VK_IMAGE_ASPECT_COLOR_BIT, 0, 1, 0, 1},
flags =0,

err = vkCreatelmageView(demo->device, &view, NULL,

&demo->textures]i].view);
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const VkCommandBufférinheritancelnfo cmd_buf_hinfo = {
sType =
VK_STRUCTURE_TYPE_COMMAND_BUFFER_INHERITANCE_IN
FO,
.pNext = NULL,
renderPass’= VK_NULL_HANDLE,
.Subpass =0,
framebuffer = VK_NULL_HANDLE,
.occlusionQueryEnable = VK_FALSE,
.queryFlags =0,
.pipelineStatistics = 0,
%
const VkCommandBufferBeginInfo cmd_buf_info = {
SsType =
VK_STRUCTURE_TYPE_COMMAND_BUFFER_BEGIN_INFO,
.pNext = NULL,
flags =0,
.pInheritancelnfo = &emd_buf_hinfo,
3
const VkClearValue clear_values[2] = {
[0] = {.color.float32 = {0.2f, 0.2f, 0.2f, 0.2f}},
[1] = {.depthStencil = {demo->depthStencil, 0}},
3
Il ZOHEEI D Render Pass D &R
const VkRenderPassBeginInfo rp_begin = {
sType =
VK_STRUCTURE_TYPE_RENDER_PASS_BEGIN_INFO,
.pNext = NULL,
.renderPass = demo->render_pass,
.framebuffer = demo->framebuffers[demo->current_buffer],

IBRTE O} 181 & D Framebuffer
.renderArea.offset.x = 0,
renderArea.offset.y = 0,
.renderArea.extent.width = demo->width,
.renderArea.extent.height = demo->height,
.clearValueCount = 2,

.pClearValues = clear_values,

h

AR 7E R EAR
err = vkBeginCommandBuffer(demo->draw_cmd, &cmd_buf_info);

I/ We can use LAYOUT_UNDEFINED as a wildcard here because
we don't care what
/I happens to the previous contents of the image
VkimageMemoryBarrier image_memory_barrier = {
SsType =
VK_STRUCTURE_TYPE_IMAGE_MEMORY_BARRIER,
.pNext = NULL,
.srcAccessMask = 0,
.dstAccessMask =
VK_ACCESS_COLOR_ATTACHMENT_WRITE_BIT,
.oldLayout = VK_IMAGE_LAYOUT_UNDEFINED,
.newLayout =
VK_IMAGE_LAYOUT_COLOR_ATTACHMENT_OPTIMAL,
.srcQueueFamilylndex = VK_QUEUE_FAMILY_IGNORED,
.dstQueueFamilyindex = VK_QUEUE_FAMILY_IGNORED,
.image = demo->buffers[demo->current_buffer].image,
.subresourceRange = {VK_IMAGE_ASPECT_COLOR _BIT, 0, 1,

KNy D7 %45

0,1}
/3B 5& D ImageLayoutZ
VK_IMAGE_LAYOUT COLOR_ATTACHMENT OPTIMALIZZE
vkCmdPipelineBarrier(demo->draw_cmd,
VK_PIPELINE_STAGE_ALL_COMMANDS_BIT,
VK_PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT, 0,
0, NULL, 0,
NULL, 1, &image_memory_barrier);

/| RenderPassEitR 2 E4&

I gIBindFramebufferf &4

vkCmdBeginRenderPass(demo->draw_cmd, &rp_begin,
VK_SUBPASS_CONTENTS_INLINE);

/| BB FA DPipelineZbindLE Y

Il glUseProgram, &L CH4EDstatel ZHH

vkCmdBindPipeline(demo->draw_cmd,
VK_PIPELINE_BIND_POINT_GRAPHICS, demo->pipeline);

/I }4718] F M Resourcefg§ M DescriptorSetZxbindLE 9"
I gIBindVertexArray, glBindTexture*, glBindBufferBase&hM [
HH
vkCmdBindDescriptorSets(demo->draw_cmd;
VK_PIPELINE_BIND_POINT_GRAPHICS,
demo->pipeline_layout, 0, 1, &demo->desc_set, 0,
NULL);

M
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— ViewportE BeL ¥
VkViewport viewport;
memset(&viewport, 0, sizeof(viewport));
viewport.height = (float)Jdemo->height;
viewport.width = (float)demo->width;
viewport.minDepth = (float)0.0f;
viewport.maxDepth = (float)1.0f;
vkCmdSetViewport(demo->draw_cmd, 0, 1, &viewport);

I ScissorE X TELFEY

VkRect2D scissor;

memset(&scissor, 0, sizeof(scissor));
scissor.extent.width = demo->width;
scissor.extent.height = demo->height;
scissor.offset.x = 0;

scissor.offset.y = 0;
vkCmdSetScissor(demo->draw_cmd, 0, 1, &scissor);

/I #41B] 0 Vertex Datad) BufferZbindL3E 9"
/| gIBindBuffer(GL_VERTEX_ARRAY,...)[ZtH 2
VkDeviceSize offsets[1] = {0};
vkCmdBindVertexBuffers(demo->draw_cmd,
VERTEX_BUFFER_BIND_ID, 1,
&demo->vertices.buf, offsets);

> kN T 7 74k S (cont'd)

VK_QUEUE_FAMILY_IGNORED,
.dstQueueFamilylndex =

VK_QUEUE_FAMILY_IGNORED,
.SubresourceRange =

{VK_IMAGE_ASPECT_COLOR_BIT, 0, 1,0, 1}

NEEAT R ERITLET
I glDrawArrays|Z#H 24
vkCmdDraw(demo->draw_cmd, 3, 1, 0, 0);

/| RenderPass#& T
vkCmdEndRenderPass(demo->draw_cmd); |3
vkCmdPipelineBarrier(demo->draw_cmd,
/| $&18] &5 MDImageDImagelLayoutZ VK_PIPELINE_STAGE_ALL_COMMANDS_BIT,
VK_IMAGE_LAYOUT_PRESENT_SRC_KHRIZZE®ELF
.a—
Il (=D T=8 DBarrier)
VkimageMemoryBarrier prePresentBarrier = {
sType =
VK_STRUCTURE_TYPE_IMAGE_MEMORY_BARRIER,
.pNext = NULL,
.srcAccessMask =
VK_ACCESS_COLOR_ATTACHMENT_WRITE_BIT,
.dstAccessMask =
VK_ACCESS_MEMORY_READ_BIT,
.oldLayout =
VK_IMAGE_LAYOUT_COLOR_ATTACHMENT_OPTIMAL,
.newLayout =
VK_IMAGE_LAYOUT_PRESENT_SRC_KHR,
.srcQueueFamilyIndex =

VK_PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT, 0, 0,
NULL, 0,
NULL, 1, &prePresentBarrier);

I aARUREINTPERRT
err = vkEndCommandBuffer(demo->draw_cmd);

AAAAAAAAAAAAAAAAAAAAAAA

.image = demo->buffers[demo->current_buffer].image;




/:l‘\?‘/ K/IND7Z3a< > Fxa1—I[ZEnquel THEE

iR5E T b M SemaphoreA TP/ h%4EYE VK PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT;
9 VkSubmitinfo submit_info = {.sType =
VkSemaphore presentCompleteSemaphore; VK_STRUCTURE_TYPE_SUBMIT_INFO,

VkSemaphoreCreatelnfo .pNext = NULL,
presentCompleteSemaphoreCreatelnfo = { .waitSemaphoreCount = 1,
sType = .pWaitSemaphores =
VK_STRUCTURE_TYPE_SEMAPHORE_CREATE_INFO, &presentCompleteSemaphore, /| ZODaAT U FEE4TT
.pPNext = NULL, BRI DSemaphore
flags =0, .pWaitDstStageMask =
|3 &pipe_stage_flags,

.commandBufferCount = 1,
.pCommandBuffers = &demo-
[l AT R/\77®Dhandle
.signalSemaphoreCount = 0,
.pSignalSemaphores = NULL};

I AT REa—[2aT U R/N\T7EEnqueueLET

/I gIFlush#g 4

err = vkQueueSubmit(demo->queue, 1, &submit_info,
VK_NULL_HANDLE);

err = vkCreateSemaphore(demo->device,
&presentCompleteSemaphoreCreatelnfo,
NULL, &presentCompleteSemaphore); >draw_cmd,
Il R DREEF BSwapchain ImageDindexZH{FL
EXD
err = AcquireNextimageKHR (demo->device, demo-
>swapchain, UINT64_MAX,
presentCompleteSemaphore,
(VkFence)0, // TODO: Show use of
I REDHRERRLEY
VkPresentlnfoKHR present = {
sType =
/| Semaphorex £ D& T, T/iRTE T &FHFT VK_STRUCTURE_TYPE_PRESENT_INFO_KHR,
VkPipelineStageFlags pipe_stage_flags = .pNext = NULL,

fence
&demo->current_buffer);

©2016 Digital Media Professionals Inc. All copyrights reserved.

.swapchainCount = 1,
.pSwapchains = &demo->swapchain,
.plmagelndices = &demo->current_buffer,

¥

/| eglSwapBuffers 24

err = QueuePresentKHR(demo->queue, &present);

I RITETEFDET
Il gIFinish#H &4
err = vkQueueWaitldle(demo->queue);

Il 52 T 5 F D SemaphoreZHIBRSLET
vkDestroySemaphore(demo->device,

presentCompleteSemaphore, NULL);




L

* hitps://developer.nvidia.com/engaging-voyage-vulkan
* https://www.khronos.org/developers/library/2016-vulkan-devday-uk

* http://on-
demand.gputechconf.com/gtc/2016/events/vulkanday/Migrating_fro
m_OpenGL to Vulkan.pdf
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