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Vulkan Essentials: Outline M

Which Kind of API Is It?
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Vulkan Essentials: Which Kind of API Is It? M

Vulkan is a new generation graphics and compute
API that provides high-efficiency, cross-platform
access to modern GPUs used in a wide variety of
devices from PCs and consoles to mobile phones
and embedded platforms.

The Khronos Group. Vulkan Guide V

m Graphics and compute API

m Enables high efficiency by being low-level
m A very explicit (maybe even verbose) API
m Cross-platform and cross-device category
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Vulkan Essentials: Which Kind of API Is It?

Is it like OpenGL?

m OpenGL

nope!

s High-level API
s Graphics API

m Released Jun 30, 1992

m Vulkan

s Low-level API

= GPUAPI

m Released Feb 16, 2016
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Vulkan Essentials: Which Kind of API Is It?

m Derived from the Mantle API (by AMD and DICE)
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Vulkan Essentials: Outline M

Which Kind of API Is It?

Fundamental APl Usage

Validation
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Vulkan Essentials: Fundamental APl Usage, Validation M

How to start:
m Get an SDK from LunarG’s website

m Getting the latest driver for your GPU is always a good idea

m You might want to get a library for window management like GLFW.
m Take alook at Khronos’ Vulkan Guide on GitHub

m Use Khronos’ official Vulkan Samples repository!

m Keep the Vulkan specification (HTML or PDF) at hand,
you’ll need it a lot!

m All useful links can be found on vulkan.org
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https://www.lunarg.com/vulkan-sdk
https://www.glfw.org/
https://github.com/KhronosGroup/Vulkan-Guide
https://github.com/khronosGroup/Vulkan-samples
https://www.khronos.org/registry/vulkan/specs/1.2-extensions/html/index.html
https://www.khronos.org/registry/vulkan/specs/1.2-extensions/pdf/vkspec.pdf
https://www.vulkan.org/

Vulkan Essentials: Fundamental APl Usage, Validation

LunarG SDK

" Vulkan SDK 1.2.189.2 Setup

Select Components
Please select the components you want to install.

o Default Selec]
Install the Vulkan SDK i |
~ The Vulkan SDK
Deprecation Motice The Vulkan SDK Core (Al
. (Optional) SDK 32-bit
Installation Folder [ (Opticnal) Debuggab
[] (Opticnal) Debuggab
Select Col nts
s O (Optional) 3rd-Party |
License Agreement
Ready to Install
Installing
- v
© 2020-2021 LunarG. Inc. Licensed nOerADaCeDTg

Installer

' Vulkan Configurator 24,1 <ACTIVE>

Tools  Help
Vulkan Layers Management
O Layers Fully Controlled by the Vulkan Applications
® Overriding Layers by the Vulkan Configurator

1 Apply only to the Vulkan Applications List
[[] Continue Overriding Layers on Exit

Vulkan Layers Configurations

Edit Applications_..

O APl dump
(O Frame Capture
O Portability
(O Synchronization
® Validation

Vulkan Application Launcher

v Executable Path C:WulkanSDKM1.2.189.2\Binwkcube exe v

C:\WulkanSDK\1.2.189.2\Bin

Waorking Directory

Command-line Arguments --SUppress_popups

Cutput Log C:\Users\Johannes\WulkanSDKwkcube txt

Clear log at launch Clear Wulkan Loader Messages: none  + Launch

Vulkan Development Status:
- Layers override: "Validation" configuration
- VULKAN_SDK environment variable: C:\VulkanSDK\1.2.189.2
- Vulkan Leader version: 1.2.17@
- User-Defined Layers Paths from VK_LAYER_PATH environment wvariable: Mone
- User-Defined Layers Paths from Vulkan Configurator: Mone
“wk_layer_settings.txt® uses the default platform path:
C:\UsersiJohannes\AppDatailocalilunarG\vkconfighoverride

- Available Layers:

- VK_LAYER_AMD_switchable_graphics (1.2.1439)

- VK_LAYER_NV_optimus (1.2.175)

Validation Settings

Edit Layers...

v VK_LAYER_KHRONOS_validation

tandard Preset
Validation Areas
~ Debug Action
v ¥ Log Message

~ Log Filename

Find Layers...

|std out

[] Debug Output
[ Break
v Message Severity
Info
Waming
Performance
Errar
~ [¥| Limit Duplicated Messages
Max Duplicated Messages

Mute Message VUIDs

Vulkan Configu rator (In Windows:VULKAN_SDK\Tools\vkcon-Fig.exe)
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SDK contains:
m Headers

m Libraries

m Tools

Programming
Language Support:
m CAPI (native)

m C++via Vulkan-Hpp
(included in the SDK)

m Otherlanguage
bindings available:
see Khronosdotorg
GitHub repository



https://github.com/KhronosGroup/Vulkan-Hpp
https://github.com/KhronosGroup/Khronosdotorg/blob/main/api/vulkan/resources.md

Validation Layers

are your best friends!

Vulkan Essentials: Fundamental APl Usage, Validation M

¥ Vulkan Configurator 2.4.1 <ACTIVE>

Tools  Help

Vulkan Layers Management

(O Layers Fully Controlled by the Vulkan Applications
@® Overriding Layers by the Vulkan Configurator

1 Apply only to the Vulkan Applications List

[ Continue Overriding Layers on Exit

Vulkan Layers Configurations

Edit Applications...

O APl dump
(O Frame Capture
O Portability
O Synchronization
@® Validation

Vulkan Application Launcher

v Executable Path

Working Directory

Cutput Log

Command-line Arguments

C:WulkanSDK\1.2.189.2\Binwkcube exe

C:\WulkanSDK\1.2.189.2\Bin

—SUppress_popups

C:\Users\Johannes\WulkanSDKwkcube txt

Clear log at launch

Clear

Wulkan Loader Messages: none

Launch

Vulkan Development Status:
- Layers override:

Vulkan Loader version: 1
User-Defined Layvers Path
- User-Defined Lavers Path
“wk_layer_settings.txt”

- Available Layers:

"Walidation" configuration
- VULKAN_SDK environment variable: C:%\WulkanSDK\1.2.189.2

.2.178

s from VK_LAYER_PATH environment variable:
s from Vulkan Configurator: None

uses the default platform path:

MNane

C:\Users\Johannes\AppDatailocalilunarG\vkconfigioverride

- VK_LAYER_AMD_switchable_graphics (1.2.148)
- WK_LAYER_NV_optimus (1.2.175)

Validation Settings

Edit Layers... Find Layers...

~ VK_LAYER_KHRONOS_validation

tandard Freset
Validation Areas

v Debug Action
~ [#] Log Message

~ Log Filename

|std out

[ Debug Output
[ Break
~ Message Severity
Infa
Waming
Performance
Error
~ [ Limit Duplicated Messages
Max Duplicated Messages

Mute Message VUIDs
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;

VkResult result =|vkCreateImageldevice, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;‘r’——y T~

VkResult result = vkCreateImage(device, &create_info, nullptr,;
CHECK_VULKAN RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example
// Create a new image:
VkInageCreateInfo create Tnfa]- {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;

VkResult result = vkCreateImage(device, nullptr, &image);
CHECK_VULKAN_RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK STRUCTURE TYPE IMAGE CREATE_INFO;
create_info
create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK IMAGE TYPE 2D;

create_info

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create _info.format = VK FORMAT_R8G8B8A8 UNORM;

create _infojextent.width = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);

Johannes Unterguggenberger | Vulkan Lecture Series, Episode 1 17




Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create_info.extent.height = 512;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);
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Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

\VkImage image;
VkResult result|= vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN RESULT(result);
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Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE_ CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.arraylLayers = 1;

create_info.miplLevels = 1;

create_info.samples = VK_SAMPLE_COUNT_ 1 BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);

CHECK_VULKAN_RESULT(result);
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Validation OFF

// Crei -

VkImag‘ INFO: Vulkan operation returned status code: VK_SUCCESS (in Mair
create
create
create
create
create
create
create
create

VkImagi
VkResul|
CHECK )
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Vulkan Essentials: Fundamental APl Usage, Validation M

Validation ON

// Crei .
Vl(Imag‘ INFO: Vulkan operation returned status code: VK_SUCCESS (ir cpp at line #472)

rkwork\ECGFr rk\repo\ECG_SolutionGenerator\SolutionTemplate\bin\Debug\ECG_VK_Solution.exe (process 3340 xited with code

C r\eate T aut ‘r 1 close tr console when G‘ebuggiv‘g stops‘ er‘able Tocxlsf>(‘rpti<:w‘sf>Debx.gging—>A|,:tomati::ally close the console when debugging stops.

kareateImage() if pCreatelnfo->imageType 1is
VK_IMAGE_TYPE 2D, pCreateInfo->extent.depth must be 1. The
Vulkan spec states: If imageType is VK _IMAGE TYPE 2D,
extent.depth must be 1
(https://vulkan.lunarg.com/doc/view/1.2.189.2/windows/1.2-

v extensions/vkspec.html#VUID-VkImageCreateInfo- 1mageType 0@957)

VkResu!
CHECK )

0 0O 0O 0O 0 0O 0N
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The Vulkan Specification

is your best friend, too!

// Cre

V k I m a g im} l D about:blank X D Vulkan® 1.2.189 - A Specificatic X | €§ Learn | Vulkan | Cross platform 2 X | +

C r\ e a 't e /windows/1.2-extensions/vkspechtml#VUID-Vkimag eatelnfo-imageType-00957 ﬁo {\5 Notsyncing :

Tabl f Content - UID-VkImageCreateInfo-imageType-00957 i
C r‘ e a t e anic ol LONIELS If imageType IS VK_IMAGE_TYPE_2D, extent.depth must be

1. Preamble e VUID-VkImageCreateInfo-mipLevels-00958
C r‘e at e 2. Introduction mipLevels must be less than or equal to the number of levels in the complete mipmap chain based on extent.width, extent.height, and extent.depth
2.1. Document Conventions

-t VUID-VkImageCreateInfo-mipLevels-02255
C r‘e a e 3. Fundamentals

mipLevels must be less than or equal to imageCreateMaxMiplevels (as defined in Image Creation Limits)

= o X

= (@] 3 https://vulkan.lunarg.com/doc/view/1.2.189

3.1 Host and Device Environment

~ e ® VUID-VkImageCreateInfo-arraylayers-02256
Create 49 Bcitioh Mode gecre yLaye

3.3. Object Model arraylLayers must be less than or equal to imageCreateMaxArraylLayers (as defined in Image Creation Limits)

C r‘e at e 3.4 Application Binary Interface § WID-VkImageCreateInfo-imageType-00961

3.5. Command Syntax and Duration If imageType 1S VK_IMAGE_TYPE_3D, arraylayers must be 1

C r‘e at e 3.6. Threading Behavior o VUID-VkImageCreateInfo-samples-02257 [\‘.
_t 3.7. Vald Usage If samples 1S not VK_SAMPLE_COUNT_1_BIT, then imageType must be VK_IMAGE TYPE_2D, flags must not contain VK_IMAGE _CREATE_CUBE_COMPATIBLE_BIT,K mipLevels must be equal
create 3.8. VkResult Return Codes 10 1, and imageCreateMaybel inear (as defined in Image Creation Limits) must be VK_FALSE,
3.9 Numeric Representation and
e VUID-VkImageCreateInfo-samples-02558

Computation

; N y If samples 1S not VK_SAMPLE_COUNT_1_BIT, usage must not contain VK_IMAGE USAGE_FRAGMENT DENSITY MAP BIT EXT
3.10. Fixed-Point Data Conversions

Vk I ma g 3.11. Common Object Types o VUID-VkImageCreateInfo-usage-00963
4. Initialization If usage includes VK_IMAGE USAGE_TRANSIENT_ATTACHMENT BIT, then bits other than VK_IMAGE USAGE_COLOR_ATTACHMENT BIT, VK_IMAGE USAGE DEPTH_STENCIL_ATTACHMENT BIT,
Vk Re S u 4 1. Command Function Pointers and VK_IMAGE_USAGE_INPUT_ATTACHMENT_BIT must not be set
4.2. Instances ® VUID-VkImageCreateInfo-usage-00964
C H E C K 5. Devices and Queues If usage includes VK_IMAGE_USAGE_COLOR_ATTACHMENT_BIT, VK_IMAGE_USAGE_DEPTH_STENCIL_ATTACHMENT BIT, VK_IMAGE USAGE_TRANSIENT_ATTACHMENT BIT, Or
| 5.1. Physical Devices VK_IMAGE_USAGE_INPUT_ ATTACHMENT BIT, extent.width must be less than or equal to VkPhysicalDevicel imits maxFramebufferWidth
5.2 Devices .

VUID-VkImageCreateInfo-usage-00965
If usage includes VK_IMAGE_USAGE_COLOR_ATTACHMENT BIT, VK IMAGE USAGE DEPTH_STENCIL ATTACHMENT BIT, VK IMAGE USAGE TRANSIENT ATTACHMENT BIT, Or
VK_IMAGE_USAGE_INPUT_ATTACHMENT_BIT, extent.height must be less than or equal to VkPhysicalDevicelimits: maxFramebufferHeight

5.3. Queues
6. Command Buffers
6.1. Command Buffer Lifecycle

1D-Vk e -usage- 9
6.2. Command Pools VUID-VkImageCreateInfo-usage-02559

6.3. Command Buffer Allocation and  « If usage includes VK_IMAGE_USAGE_FRAGMENT_DENSITY_MAP_BIT_EXT, extent.width must be less than or equal to ’V

mazFramebuf ferWidth
minFragmentDensityTexelSize,

Johannes Unterguggenberger | Vulkan Lecture Series, Episode 1 25 © 2021 The Khronos Group, Inc. creative Commons Attribution 4.0 International




Vulkan Essentials: Fundamental APl Usage, Validation M

// Create a new image:

VkImageCreateInfo create_info =

create _info.sType
create _info.imageType

The Vulkan Specification

is very explicit.

{};
VK_STRUCTURE_TYPE_IMAGE CREATE_INFO;

VK_IMAGE_TYPE_2D;

g:ﬁikareateImage: value of pCreatelInfo->usage must not be 0.
g:gEThe Vulkan spec states: usage must not be ©

create (https://vulkan.lunarg.com/doc/view/1.2.189.2/windows/1.2
crmﬁf—extensions/vkspec.html#VUID—VkImageCreateInfo—usage—
creats

requiredbitmask)

VkImage image;

VkResult result = vkCreateImage(device, &create_info, nullptr, &image);

CHECK_VULKAN_RESULT(result);

Johannes Unterguggenberger | Vulkan Lecture Series, Episode 1
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The Vulkan Specification

has all the information.

// Crg¢

Vk I m a§ m | D about:blank X | D Vulkan® 1.2.189 - A Specificatio. X | €5 VkimageUsageFlagBits(3) x =

— (] X

& (@) () https://www.khronos.org/registry/vulkan/specs/1.2-extensions/man/html|/VkimageUsageFlagBits.htm| 4 Ye D] Not syncing 3

create
cCreate

crea
crea Name

VkimageUsageFlagBits(3) Manual Page

cre a VkimageUsageFlagBits - Bitmask specifying intended usage of an image

crea o N
C Specification

crea
Bits which can be set in VkimageViewUsageCrealelnfo:.usage, or VkimageStencilUsageCreatelnfo: stencilUsage, or

C r\e a VkImageCreatelnfo:.usage, specifying intended usage of an image, are

c r‘e a // Provided by VK_VERSION_ 1_©
r

typedef enum VkImageUsageFlagBits {
VK_IMAGE USAGE TRANSFER SRC BIT = 0x00000001,
VkIma VK_IMAGE USAGE TRANSFER DST BIT = 0x00000002,
VK_IMAGE_USAGE_SAMPLED BIT = 0x00000004,
Vk Re S l VK_IMAGE_USAGE_STORAGE_BIT = 0x00000008,
VK_IMAGE_USAGE_COLOR_ATTACHMENT_BIT = 0x00000010,
CH EC K VK_IMAGE USAGE _DEPTH STENCIL ATTACHMENT BIT = 0x00000020,
- VK_IMAGE_USAGE_TRANSIENT_ATTACHMENT_BIT = 0Ox00000040,
VK_IMAGE_USAGE_INPUT_ATTACHMENT_BIT = 0x00000080,
#ifdef VK_ENABLE_BETA EXTENSIONS
// Provided by VK_KHR_video_decode_queue
VK_IMAGE_USAGE_VIDEO_DECODE_DST_BIT_KHR = 0x00000400,
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Fundamental APl Usage

First Example With Validation Errors Fixed

// Create a new image:
VkImageCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_IMAGE CREATE_INFO;
create _info.imageType = VK_IMAGE_TYPE 2D;

create_info.format = VK_FORMAT_R8G8B8A8 UNORM;

create _info.extent.width = 512;

create _info.extent.height = 512;

create_info.extent.depth = 1;

create _info.arraylLayers = 1;

create _info.miplLevels = 1;

create_info.samples = VK_SAMPLE COUNT_1 BIT;
create_info.usage = VK_IMAGE_USAGE_COLOR_ATTACHMENT BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN_ RESULT(result);

Johannes Unterguggenberger | Vulkan Lecture Series, Episode 1 28



Vulkan Essentials: Fundamental APl Usage, Validation M

Fundamental APl Usage

First Example With Validation Errors Fixed

// Create a new image:

- PO :
VkImageCreateInfo create infole {13 Important: Either zero-initialize, or set every member!

create_infolsType = VK STRUCTURE TYPE IMAGE CREATE INFO;

create _info.imageType = VK_IMAGE_TYPE 2D; ., ’
create_info.format = VK_FORMAT_R8G8B8A8 UNORM; Caution: Don't forget to set the
create_info.extent.width = 512; structure type! This member is
create_info.extent.height = 512; present in almost all Vulkan API
create_info.extent.depth = 1; g lid |
create_info.arraylayers - 1 structs ana a valid value starts
create_info.mipLevels = 1 with VK_STRUCTURE_TYPE_*
create _info.samples = VK_SAMPLE_COUNT_ 1 BIT;

create_info.usage = VK_IMAGE_USAGE_COLOR_ATTACHMENT BIT;

VkImage image;
VkResult result = vkCreateImage(device, &create_info, nullptr, &image);
CHECK_VULKAN_ RESULT(result);
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Validation Layers

are your best friends!

5 Vulkan Configurator 2.4.1 <ACTIVE> — [m] *
Tools  Help
Vulkan Layers Management Validation Settings
(0 Layers Fully Controlled by the Vulkan Applications Edit Layers... Find Layers...
® Overriding Layers by the Vulkan Configurator v VK_LAYER_KHRONOS validation
] Apply only to the Vulkan Applications List Edit Applications_ . Standard Preset “
[ Continue Overriding Layers on Exit Validation Areas
v Debug Action
Vulkan Layers Configurations v [ Log Message
O APl dump + Log Filename
O Frame Capture |stdout
O Portability [ Debug Output
O Synchronization [ Break
® Validation v Message Seventy
Info
Warning
Vulkan Application Launcher Performance
v Executable Path C:\WulkanSDK\ 2189 2\Binwkcube exe | o Ermror
Working Directary C-WulkanSDK\1.2.189.2\8in v b Limit Duplicated Messages
Command-line Arguments —SUppress_popups e e anes 10
Qutput Log C:\Users\Johannes\VulkanSDKwkcube txt Mute Message VUIDs | :
Clear log at launch Clear Vulkan Loader Messages: none Launch

VR _CATCR_CUS_UTTT Iay (I IJ07
- VK_LAYER_EOS_Overlay (1.2.138)
- VK_LAYER_LUNARG_override (1.2.189)
- VK_LAYER_LUNARG_spi_dump (1.2.183)
- VK_LAYER_LUMNARG_dewvice_simulation (1.2.189)
- VK_LAYER_LUNARG_gfwreconstruct (1.2.1839)
- VK_LAYER_KHRONOS_synchronization2 (1.2.189)
- VK_LAYER_KHRONOS_validation (1.2.189)
- VK_LAYER_LUNARG_monitor (1.2.189)
- VK_LAYER_LUNARG_screenshot (1.2.189)
- Physical Devices:
- NVIDIA GeForce RTX 387@ (Discrete GPU) with Wulkan 1.2.175
- Radeon RX558/55@ Series (Discrete GPU) with Vulkan 1.2.149
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Validation Layers

are your best friends!

5 Vulkan Configurator 2.4.1 <ACTIVE> — [m] *
Tools  Help

Vulkan Layers Management Validation Settings
() Layers Fully Controlled by the Vulkan Applications

® Overriding Layers by the Vulkan Configurator

Edit Layers... Find Layers...

v VK_LAYER_KHRONOS_validation

[C1 Apply only to the Vulkan Applications List Edit Applications_ . Standard Preset ~

Validation Areas

[ Continue Overriding Layers on Exit

v Debug Action

Vulkan Layers Configurations ~ 1 Log Message

Woaorking Directory

Command-line Arguments

C:\WulkanSDKM.2.189.2\Bin

—SUppress_popups

O APl dump + Log Filename
O Frame Capture |stdout
O Portability [[] Debug Output
O Synchronization [ Break
® Validation v Message Seventy
Info
Warning
Vulkan Application Launcher Performance
~ Executable Path C:WulkanSDK\1.2.189 2\Bin\wkcube exe ~ Error

v I Limit Duplicated Messages

Max Duplicated Messages

[

+

Mute Message VUIDs

Qutput Log C:\Users\Johannes\VulkanSDKwkcube txt

Clear log at launch Clear Vulkan Loader Messages: none Launch

VR _CATCR_CUS_UTTT Iay (I IJ07
- VK_LAYER_EOS_Overlay (1.2.138)
- VK_LAYER_LUNARG_override (1.2.189)
- VK_LAYER_LUNARG_spi_dump (1.2.183)
- VK_LAYER_LUMNARG_dewvice_simulation (1.2.189)
- VK_LAYER_LUNARG_gfwreconstruct (1.2.1839)
- VK_LAYER_KHRONOS_synchronization2 (1.2.189)
- VK_LAYER_KHRONOS_validation (1.2.189)
- VK_LAYER_LUNARG_monitor (1.2.189)
- VK_LAYER_LUNARG_screenshot (1.2.189)
- Physical Devices:
- NVIDIA GeForce RTX 387@ (Discrete GPU) with Wulkan 1.2.175
- Radeon RX558/55@ Series (Discrete GPU) with Vulkan 1.2.149
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Validation Layers

can also be fully controlled by applications.

5 Vulkan Configurator 2.4.1 — [m] x
Tools  Help
Vulkan Layers Management Validation Settings
@ Layers Fully Controlled by the Vulkan A ations Edit Layers... Find Layers...
(O Overriding Layers by the Vulkan Configurator v VK_LAYER_KHRONOS validation
Apply only to the Vulkan Applications List Edit Applications_ . Standard Preset
Continue Overriding Layers on Exit > Validation Areas
v Debug Action
Vulkan Layers Configurations v [] Log Message
APl dump v Log Filename
Frame Capture stdout
Portability Debug Output
Synchronization Break
Validation v Message Seventy
Info
Warning
Vulkan Application Launcher D —
~ Executable Path C:WulkanSDK\1.2.189 2\Bin\wkcube exe ~ Ermror
Working Directary C-WulkanSDK\1.2.189.2\8in v [/ Limit Duplicated Messages
Command-line Arguments —SUppress_popups L e L e n
Mute Message VUIDs +
Qutput Log C:\Users\Johannes\VulkanSDKwkcube txt
Clear log at launch Clear Vulkan Loader Messages: none Launch
T CATEN VATV STEanCTUSSIIICT (IvEeIIT]
- VK_LAYER_EOS_Overlay (1.2.136)
- VK_LAYER_EOS_Overlay (1.2.136)
- VK_LAYER_LUNARG_api_dump (1.2.183)
- VK_LAYER_LUMNARG_dewvice_simulation (1.2.189)
- VK_LAYER_LUNARG_gfwreconstruct (1.2.1839)
- VK_LAYER_KHRONOS_synchronization2 (1.2.189)
- VK_LAYER_KHRONOS_validation (1.2.183)
- VK_LAYER_LUNARG_monitor (1.2.189)
- VK_LAYER_LUNARG_screenshot (1.2.189)
- Physical Devices:
- NVIDIA GeForce RTX 387@ (Discrete GPU) with Wulkan 1.2.175
- Radeon RX558/55@ Series (Discrete GPU) with Vulkan 1.2.149
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Validation Layers

can also be fully controlled by applications.

Use vkCreateDebugUtilsMessengerEXT toinstall a
callback, which gets invoked whenever the validation layers

have something to report.

C Specification

A debug messenger triggers a debug callback with a debug message when an event of interest occurs. To create a debug messenger

which will trigger a debug callback, call:

// Provided by VK_EXT_debug utils
VkResult vkCreateDebugUtilsMessengerEXT(

VkInstance instance,

const VkDebugUtilsMessengerCreateInfoEXT# pCreatelnfo,
const VkAllocationCallbacks* pAllocator,
VkDebugUtilsMessengerEXT* pMessenger);

2021 The Khronos Group, Inc. creative Commons Attribution 4.0 International

Best way to approach this: Follow the official Khronos example
Debug Utilities for the best practice-approach!
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Validation Layers

can also be fully controlled by applications.

Use vkCreateDebugUtilsMessengerEXT toinstall a
callback, which gets invoked whenever the validation layers

have something to report.

C Specification

A debug messenger triggers a debug callback with a debug message when an event of interest occurs. To create a debug messenger

which will trigger a debug callback, call:

// Provided by VK_EXT_debug utils
VkResult vkCreateDebugUtilsMessengerEXT(

VkInstance instance,
B H “ ” const VkDebugUtilsMessengerCreateInfoEXT# Createlnfo,
Also in this case, a “Createlnfo” == | Cas g 2 |
const VkAllocationCallbacks* pAllocator,
COhfIguratlon StI‘UCt IS Used. VkDebugUtilsMessengerEXT#* pMessenger);

© 2021 The Khronos Group, Inc. creative Commons Attribution 4.0 International

Best way to approach this: Follow the official Khronos example
Debug Utilities for the best practice-approach!
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Validation Layers

can also be fully controlled by applications.

C Specification
Use vkCreateDebugUtilsMessengerEXT toinstall a

callback, which gets invoked whenever the validation layers

The definition of vkDebugUtilsMessengerCreateInfoEXT is:

// Provided by VK_EXT_debug utils

typedef struct VkDebugUtilsMessengerCreateInfoEXT { .
VkStructureType sType; have Somethlng to report-
const void* pNext;

VkDebugUtilsMessengerCreateFlagsEXT flags;
VkDebuglUtilsMessageSeverityFlagsEXT messageSeverity;

" .
VkDebugUtilsMessageTypeFlagsEXT messageType; ‘ ; Speclflcatlon
lPFN_kaebugUtilsMessengerCallbackEXT pFnUserCallback;l

void#* pUserData;
T A debug messenger triggers a debug callback with a debug message when an event of interest occurs. To create a debug messenger

} VkDebugUtilsMessengerCreateInfoEXT;
which will trigger a debug callback, call:

) .
There’s the callback function U e oy T B e
VkResult vkCreateDebugUtilsMessengerEXT(
VkInstance instance,
AlSO |n thIS Case, a llcreatelnfonalconst VkDebugUt%lsMessengerCreateInfoEXT* pCreateIn'Fo,I
const VkAllocationCallbacks* pAllocator,
COhfIguratlon StI‘UCt |S Used. VkDebugUtilsMessengerEXT#* pMessenger);

© 2021 The Khronos Group, Inc. creative Commons Attribution 4.0 International

Best way to approach this: Follow the official Khronos example
Debug Utilities for the best practice-approach!
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Validation Layers

can also be fully controlled by applications.

C Specification
Use vkCreateDebugUtilsMessenge to install a

callback, which gets invoked whenever the \alidation layers

The definition of vkDebugUtilsMessengerCreateInfoEXT is:

// Provided by VK_EXT_debug utils

typedef struct VkDebugUtilsMessengerCreateInfoEXT { .
VkStructureType sType; have Somethlng to report-
const void* pNext; H ° ’ H H H a 14
U It is an extension, that’s why it is suffixed with “EXT”.
VkDebuglUtilsMessageSeverityFlagsEXT messageSeverity;

" .
VkDebugUtilsMessageTypeFlagsEXT messageType; ‘ ; Speclflcatlon
lPFN_kaebugUtilsMessengerCallbackEXT pFnUserCallback;l

void#* pUserData;
} VkDebugUtilsMessengerCreateInfoEXT; 1 A debug messenger triggers a debug callback with a debug message

nt of interest occurs. To create a debug messenger

which will trigger a debug callback, call:

) .
There’s the callback function U e oy T B e
VkResult kar‘eateDebugUtilsMessenge

VkInstance instance,
B H “ ” const VkDebugUtilsMessengerCreajs BEXT* pCreateInfo,
Also in this case, a “Createlnfo” == | : i B
const VkAllocationCallbacks pAllocator,

COhfIguratlon StI‘UCt |S Used. ‘u’kDebugUtilsMessenge pMessenger);

© 2021 The Khronos Group, Inc. creative Commons Attribution 4.0 International

Best way to approach this: Follow the official Khronos example
Debug Utilities for the best practice-approach!
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Vulkan Essentials: Outline M

Which Kind of API Is It?

Fundamental APl Usage
Validation

Instance, Physical Device, Logical Device
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Main handles to access the Vulkan API:
m Vulkan instance: VkInstance
m Physical device: VkPhysicalDevice

It represents one Vulkan-capable hardware device, e.g., a GPU.
m Logical device: VkDevice

s Main interface between your application and the physical device

s Configuration in which your application runs on the physical device:
s  Which extensions are enabled for your application
s Queue configuration which your application utilizes

= Multiple logical devices (~applications) per physical device
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Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance_extensions[2] = { "VK _KHR surface", "VK KHR win32 surface" };
const char* enabled layers[1l] = { "VK_LAYER KHRONOS validation" };

VkInstanceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_INSTANCE_ CREATE_INFO;
create _info.pApplicationInfo = &application_info;

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames = instance_extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;
VkResult result = vkCreateInstance(&create info, nullptr, &instance);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device

Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance_extensions[2] = { "VK _KHR surface", "VK KHR win32 surface" };
const char* enabled layers[1l] = { "VK_LAYER KHRONOS validation" };

VkInstanceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_INSTANCE_ CREATE_INFO;
create _info.pApplicationInfo = &application_info;

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames = instance_extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;
VkResult result =JvkCreatelnstancef&create _info, nullptr, &instance);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device

Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance_extensions[2] = { "VK _KHR surface", "VK KHR win32 surface" };
const char* enabled layers[1l] = { "VK_LAYER KHRONOS validation" };

VkInstanceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_INSTANCE_ CREATE_INFO;
create _info.pApplicationInfo = &application_info;

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames = instance_extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;‘r”——y ‘—iii"‘\\.

VkResult result = vkCreateInstance(&create info, nullptr‘,;

CHECK_VULKAN_RESULT(result);
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Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance_extensions[2] = { "VK _KHR surface", "VK KHR win32 surface" };
const char* enabled layers[1l] = { "VK_LAYER KHRONOS validation" };

VkInstanceCr‘eateInfom {};

create _info.sType = VK _STRUCTURE_TYPE INSTANCE CREATE_INFO;
create _info.pApplicationInfo = &application_info;

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames = instance_extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;

VkResult result = vkCreateInstance{&create infol nullptr, &instance);

CHECK_VULKAN_RESULT(result);
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Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance_extensions[2] = { "VK _KHR surface", "VK KHR win32 surface" };
const char* enabled layers[1l] = { "VK_LAYER KHRONOS validation" };

VkInstanceCreateInfo create_info

create_info.sType = VK_STRUCTURE_TYPE_INSTANCE_ CREATE_INFO;
create _info.pApplicationInfo = &application_info;

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames = instance_extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;
VkResult result = vkCreateInstance(&create info, nullptr, &instance);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device,

Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance_extensions[2] = { "VK _KHR surface", "VK KHR win32 surface" };
const char* enabled layers[1l] = { "VK_LAYER KHRONOS validation" };

VkInstanceCreateInfo create info =

create_info
create info. pAppllcatlonInfo &appllcatlon_lnfo,

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames = instance_extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;
VkResult result = vkCreateInstance(&create info, nullptr, &instance);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device

Instance Creation
VkApplicationInfo = {};

application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance_extensions[2] = { "VK _KHR surface", "VK KHR win32 surface" };
const char* enabled layers[1l] = { "VK_LAYER KHRONOS validation" };

VkInstanceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE TYPE INSTANCE CREATE_INFO;
create _info.pApplicationInfo =

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames = instance_extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;
VkResult result = vkCreateInstance(&create info, nullptr, &instance);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Inst

VkApplicationInfo application_info
application_info.sType = VK STRUCT

ance, Physical Device, Logical Device M

Instance Creation

= {};

URE TYPE APPLICATION_INFO;

application_info.apiVersion =|JVK API VERSION 1 2;

const char* instance_extensions[2]
const char* enabled layers[1l] = {

VkInstanceCreateInfo create_info =

= { "VK_KHR_surface", "VK KHR win32 surface" };
"VK_LAYER_KHRONOS validation" };

{};

create_info.sType = VK _STRUCTURE_TYPE_INSTANCE CREATE_INFO;
create _info.pApplicationInfo = &application_info;

create _info.enabledExtensionCount
create _info.ppEnabledExtensionName
create_info.enabledLayerCount = 1;
create _info.ppEnabledLayerNames =

VkInstance instance;

VkResult result = vkCreateInstance(&create info, nullptr, &instance);

CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device,

Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* enabled layers[l] { "VK LAYER KHRONOS va11dat10n" },

VkInstanceCreateInfo create_info = {};

create _info.sType = VK _STRUCTURE_TYPE INSTANCE CREATE_INFO;
create info.pApplicationInfo = &application info;

create _info.enabledExtensionCount

create info.ppEnabledExtensionNames instance extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;
VkResult result = vkCreateInstance(&create info, nullptr, &instance);

CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device,

Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance extensions[2] = { "VK KHR surface" ) "VK KHR ~win32 surface" };

VkInstanceCreateInfo create_info = {};

create _info.sType = VK _STRUCTURE_TYPE INSTANCE CREATE_INFO;
create _info.pApplicationInfo = &application_info;

create _info.enabledExtensionCount = 2;

create info.ppEnabledExtensionNames = instance extensions;
create_info.enabledLayerCount

create info.ppEnabledLayerNames = enabled layers;

VkInstance instance;
VkResult result = vkCreateInstance(&create info, nullptr, &instance);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device

Instance Creation

VkApplicationInfo application_info = {};
application_info.sType = VK STRUCTURE TYPE APPLICATION_INFO;
application_info.apiVersion = VK _API VERSION 1 2;

const char* instance_extensions[2] = { "VK _KHR surface", "VK KHR win32 surface" };
const char* enabled layers[1l] = { "VK_LAYER KHRONOS validation" };

VkInstanceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_INSTANCE_ CREATE_INFO;
create _info.pApplicationInfo = &application_info;

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames = instance_extensions;
create_info.enabledLayerCount = 1;
create_info.ppEnabledLayerNames = enabled layers;

VkInstance instance;
VkResult result = vkCreateInstance(&create info, nullptr, &instance);
CHECK_VULKAN_RESULT(result);
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Physical Device Selection

If you have two GPUs, which GPU does the rendering?
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Physical Device Selection

The (expressive and verbose) Vulkan way:
Explicitly express which GPU does what.

——
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Vk Essentials: Instance, Physical Device, Logical Device

Physical Device Selection

The (expressive and verbose) Vulkan way:
Explicitly express which GPU does what.

// Query the number of physical devices: [:::]

uint32 t count;
vkEnumeratePhysicalDevices(instance, &count, nullptr);
assert(count > 0);

// Get all physical device handles:
VkPhysicalDevice* physical devices = new VkPhysicalDevice[count];
vkEnumeratePhysicalDevices(instance, &count, physical devices);

// Select a physical device:
VkPhysicalDevice physical device = physical devices[©0];

vkEnumerateDeviceExtensionProperties(physical device, ...);
vkGetPhysicalDeviceProperties(physical device, ...);
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Vk Essentials: Instance, Physical Device, Logical Device

Physical Device Selection

The (expressive and verbose) Vulkan way:
Explicitly express which GPU does what.

// Query the number of physical devices: [:::]

uint32 t count;
vkEnumeratePhysicalDevices(instance, &count, nullptr);

assert(count > 0);

// Get all physical device handles:
VkPhysicalDevice* physical devices = new VkPhysicalDevice[count];
vkEnumeratePhysicalDevices(instance, &count, physical devices);

// Select a physical device:
VkPhysicalDevice physical device = physical devices[©0];

vkEnumerateDeviceExtensionProperties(physical device, ...);
vkGetPhysicalDeviceProperties(physical device, ...);
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Vk Essentials: Instance, Physical Device, Log

Physical Device Selection

The (expressive and verbose) Vulkan way:

[ors

| Dev

ICE

Explicitly express which GPU does what.

// Query the number of physical devices:

uint32 t count;

vkEnumeratePhysicalDevices(instance, &count, nullptr);
assert(count > 0);

// Get all physical device handles:
VkPhysicalDevice* physical devices = new VkPhysicalDevice[count];
vkEnumeratePhysicalDevices(instance, &count, physical devices);

// Select a physical device:
VkPhysicalDevice physical device = physical devices[©0];

vkEnumerateDeviceExtensionProperties(physical device, ...);
vkGetPhysicalDeviceProperties(physical device, ...);
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Vk Essentials: Instance, Physical Device,

Physical Device Selection

The (expressive and verbose) Vulkan way:
Explicitly express which GPU does what.

// Query the number of physical devices: [:::]

uint32 t count;
vkEnumeratePhysicalDevices(instance, &count, nullptr);
assert(count > 0);

// Get all physical device handles:
VkPhysicalDevice* physical devices = new VkPhysicalDevice[count];
vkEnumeratePhysicalDevices(instance, &count, physical devices);

// Select a -h sical dev1ce

vkEnumerateDeviceExtensionProperties(physical device, ...);
vkGetPhysicalDeviceProperties(physical device, ...);
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Vk Essentials: Instance, Physical Device, Logical Device

Physical Device Selection

The (expressive and verbose) Vulkan way:
Explicitly express which GPU does what.

// Query the number of physical devices: [:::]

uint32 t count;
vkEnumeratePhysicalDevices(instance, &count, nullptr);
assert(count > 0);

// Get all physical device handles:
VkPhysicalDevice* physical devices = new VkPhysicalDevice[count];
vkEnumeratePhysicalDevices(instance, &count, physical devices);

// Select a physical device:
VkPhysicalDevice physical device = physical devices[©0];

Johannes Unterguggenberger | Vulkan Lecture Series, Episode 1 56



Vk Essentials: Instance, Physical Device, Logical Device

Physical Device Selection

The (expressive and verbose) Vulkan way:
Explicitly express which GPU does what.

// Query the number of physical devices: [:::]

uint32 t count;
vkEnumeratePhysicalDevices(instance, &count, nullptr);
assert(count > 0);

// Get all physical device handles:
VkPhysicalDevice* physical devices = new VkPhysicalDevice[count];
vkEnumeratePhysicalDevices(instance, &count, physical devices);

// Select a physical device:
VkPhysicalDevice physical device = physical devices[©0];

vkEnumerateDeviceExtensionProperties(physical device, ...);
vkGetPhysicalDeviceProperties(physical device, ...);
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Vk Essentials: Instance, Physical Device, Logical Device M

Logical Device Creation
float priority = 1.0f;

VkDeviceQueueCreateInfo queue_create info = {};

queue_create_info.sType = VK_STRUCTURE_TYPE_DEVICE QUEUE_ CREATE_INFO;
queue_create_info.queueFamilyIndex = 0;

queue_create_info.queueCount = 1;

queue_create_info.pQueuePriorities = &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };

VkDeviceCreateInfo create_info = 1{};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create_info.pQueueCreateInfos = &device queue create_info;
create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device;
VkResult result = vkCreateDevice(physical device, &create_info, nullptr, &device);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device M

Logical Device Creation
float priority = 1.0f;

VkDeviceQueueCreateInfo queue_create info = {};

queue_create_info.sType = VK_STRUCTURE_TYPE_DEVICE QUEUE_ CREATE_INFO;
queue_create_info.queueFamilyIndex = 0;

queue_create_info.queueCount = 1;

queue_create_info.pQueuePriorities = &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };

VkDeviceCreateInfo create_info = 1{};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create_info.pQueueCreateInfos = &device queue create_info;
create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device;
VkResult result =JvkCreateDevicefphysical device, &create_info, nullptr, &device);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device M

Logical Device Creation
float priority = 1.0f;

VkDeviceQueueCreateInfo queue_create info = {};

queue_create_info.sType = VK_STRUCTURE_TYPE_DEVICE QUEUE_ CREATE_INFO;
queue_create_info.queueFamilyIndex = 0;

queue_create_info.queueCount = 1;

queue_create_info.pQueuePriorities = &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };

VkDeviceCreateInfo create_info = 1{};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create_info.pQueueCreateInfos = &device queue create_info;
create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device; 4~ T~

VkResult result = vkCreateDevice(physical device, &create info, nullptr,;
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device M

Logical Device Creation
float priority = 1.0f;

VkDeviceQueueCreateInfo queue_create info = {};

queue_create_info.sType = VK_STRUCTURE_TYPE_DEVICE QUEUE_ CREATE_INFO;
queue_create_info.queueFamilyIndex = 0;

queue_create_info.queueCount = 1;

queue_create_info.pQueuePriorities = &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };

VkDeviceCr‘eateIm‘:o = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create_info.pQueueCreateInfos = &device queue create_info;
create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device;

VkResult result = vkCreateDevice(physical device, nullptr, &device);

CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device M

float priority = 1.0f;

Logical Device Creation

VkDeviceQueueCreateInfo queue_create info = {};

queue_create_info.sType = VK_STRUCTURE_TYPE_DEVICE_QUEUE_CREATE_INFO;
queue_create_info.queueFamilyIndex = 0;

queue_create_info.queueCount = 1;

queue_create_info.pQueuePriorities = &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };

VkDeviceCreateInfo create_info = 1{};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create _info
create_info

.pQueueCreatelnfos

= &device queue create_info;

.enabledExtensionCount 1;

create_info

.ppEnabledExtensionNames enabled extensions;

VkDevice device;
VkResult result = vkCreateDevice(physical device, &create_info, nullptr, &device);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device M

Logical Device Creation

float priority = 1.0f;
VkDeviceQueueCreateInfo queue_create info
queue_create_info.sType
queue_create_info.queueFamilyIndex
queue_create_info.queueCount

{};
VK_STRUCTURE_TYPE_DEVICE QUEUE_CREATE_INFO;

queue_create_info.pQueuePriorities
const char* enabled extensions[1]
VkDeviceCreateInfo create_info

create_info.sType
create_info.queueCreateInfoCount

create_info.pQueueCreateInfos

&priority;
{ "VK_KHR_swapchain" };

{};
VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;

1;
&device queue_create info;

create_info.enabledExtensionCount
create_info.ppEnabledExtensionNames

VkDevice device;

1;
enabled extensions;

VkResult result = vkCreateDevice(physical device, &create_info, nullptr, &device);

CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device M

Logical Device Creation
float priority = 1.0f;

VkDeviceQueueCreateInfo queue_create info = {};

queue create info.sType = VK _STRUCTURE_TYPE_DEVICE QUEUE_ CREATE_INFO;
queue create info.queueFamilyIndex = 0;

queue_create_info.queueCount = 1;

queue_create_info.pQueuePriorities = &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };

VkDeviceCreateInfo create_info = 1{};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create_info.pQueueCreateInfos = &device queue create_info;
create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device;
VkResult result = vkCreateDevice(physical device, &create_info, nullptr, &device);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device M

Logical Device Creation
float priority = 1.0f;

VkDeviceQueueCreateInfo queue_create info = {};

queue_create_info.sType = VK_STRUCTURE_TYPE_DEVICE QUEUE_ CREATE_INFO;
queue create info.queueFamilyIndex = 0;

queue create info.queueCount = 1;

queue_create_info.pQueuePriorities = &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };

VkDeviceCreateInfo create_info = 1{};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create_info.pQueueCreateInfos = &device queue create_info;
create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device;
VkResult result = vkCreateDevice(physical device, &create_info, nullptr, &device);
CHECK_VULKAN_RESULT(result);
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Vk Essentials: Instance, Physical Device, Logical Device M

Logical Device Creation

VkDeviceQueueCreateInfo queue_create info = {};
queue_create_info.sType = VK_STRUCTURE_TYPE_DEVICE QUEUE_ CREATE_INFO;
queue_create_info.queueFamilyIndex = 0;
queue create 1nfo queueCount = 1;

{ "VK_KHR_swapchain" };

const char* enabled extensions[1]

VkDeviceCreateInfo create_info = 1{};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create_info.pQueueCreateInfos = &device queue create_info;
create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device;
VkResult result = vkCreateDevice(physical device, &create_info, nullptr, &device);
CHECK_VULKAN_RESULT(result);
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Vulkan Essentials: Outline M

Which Kind of APl Is It?
Fundamental APl Usage
Validation
Instance, Physical Device, Logical Device

Queues
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Vulkan Essentials: Queues

m A queue receives commands which are to be processed by the physical device.
m Commands (more precisely: command buffers) are queued for processing.
m Commands start being processed in submission order; can complete out of order

QUEUE

CMD 1
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Vulkan Essentials: Queues

m A queue receives commands which are to be processed by the physical device.
m Commands (more precisely: command buffers) are queued for processing.
m Commands start being processed in submission order; can complete out of order

QUEUE

CMD 1

CMD 2
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Vulkan Essentials: Queues

m A queue receives commands which are to be processed by the physical device.
m Commands (more precisely: command buffers) are queued for processing.
m Commands start being processed in submission order; can complete out of order

QUEUE

CMD 1

CMD 2
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Vulkan Essentials: Queues

m A queue receives commands which are to be processed by the physical device.
m Commands (more precisely: command buffers) are queued for processing.
m Commands start being processed in submission order; can complete out of order

QUEUE

CMD 1
CMD 2

| CMD 3
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Vulkan Essentials: Queues

QUEUE 1
CMD 1
I—
CMD 2
I
QUEUE 2

CMD 3

——

CMD 4

—
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Vulkan Essentials: Queues

Logical Device Creation

float priority = 1.0f;
VkDeviceQueueCreateInfo queue_create info {};
queue_create_info.sType VK_STRUCTURE_TYPE_DEVICE QUEUE_CREATE_INFO;

queue_create_info.queueFamilyIndex 0;
queue_create_info.queueCount 1;
queue_create_info.pQueuePriorities &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };

VkDeviceCreateInfo create_info = 1{};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE CREATE_INFO;
create_info.queueCreateInfoCount = 1;

create_info.pQueueCreateInfos = &device queue create_info;
create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device;
VkResult result = vkCreateDevice(physical device, &create_info, nullptr, &device);
CHECK_VULKAN_RESULT(result);
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Vulkan Essentials: Queues

Logical Device Creation
float priority = 1.0f;

VkDeviceQueueCreateInfo queue_create info = {};

queue_create_info.sType = VK_STRUCTURE_TYPE_DEVICE QUEUE_ CREATE_INFO;
queue_create_info.queueFamilyIndex = 0;

queue_create_info.queueCount = 1;

queue_create_info.pQueuePriorities = &priority;

const char* enabled extensions[1] { "VK_KHR_swapchain" };
VkDeviceCreateInfo create_info = 1{};
create_info.sType = VK_STRUCTURE TYPE DEVICE CREATE_INFO;

create_info.enabledExtensionCount = 1;
create_info.ppEnabledExtensionNames = enabled extensions;

VkDevice device;
VkResult result = vkCreateDevice(physical device, &create_info, nullptr, &device);
CHECK_VULKAN_RESULT(result);
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Vulkan Essentials: Quel

B A queue always belongs to a queue family.

Queue families

s A physical device can support different queue families
... or only one.

s Different queue families have different properties.
s Multiple queues of the same queue family can be
created and used.
m Why use multiple queues?
= Increase concurrency

s (Potentially) increase performance with
specialized queues:
s e.g. a“transfer queue”
= e.g., an “async compute queue”
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== Vulkan Hardware Capability Viewer 3.0

= Cueue family

~ Flags
GRAPHICS_BIT
COMPUTE_BIT
TRANSFER_BIT
SPARSE_BINDING_BIT
queueCount
timestampValidBits
minlmageTransferGranulari
minlmageTransferGranulari
minlmageTransferGranulari

Supports presentation

= Queue family

~ Flags
TRANSFER_BIT
SPARSE_BINDING_BIT
queueCount
timestampValidBits
minlmageTransferGranulari
minlmageTransferGranulari
minlmageTransferGranulari

Supports presentation

~ Queue family

* Flags
COMPUTE_BIT
TRAMSFER_BIT
SPARSE_BINDING_BIT
queueCount
timestampValidBits

16

64
ty.width 1
ty.height 1

ty.depth 1

true

O

2
64
ty.width 1
ty.height 1
ty.depth 1

false

(e

8
64

minlmageTransferGranularity.width 1

minlmageTransferGranularity.height 1

minlmageTransferGranularity.depth 1
true

Supports presentation




== Vulkan Hardware Capability Viewer 3.0

Vulkan Essentials: Quel

B A queue always belongs to a queue family.

m Queue families

s A physical device can support different queue families ' s

COMPUTE_BIT

... oronly one. S —

SPARSE_BINDING_BIT
queueCount 16

s Different queue families have different properties. ’

minlmageTransferGranularity.width 1

minlmageTransferGranularity.height 1

s Multiple queues of the same queue family can be rinmgeTinsierGanulaiy cesh

Supports presentation true

created and used. T o
N Why use multiple queues? :::;:;:i:“d%_ ’

m Increase concurrency T e

minlmageTransferGranularity.depth 1

s (Potentially) increase performance with " meteny ~

. . COMPUTE_BIT
specialized queues: v
SPARSE_BINDING_BIT

V7 ” queueCount 8
s e.g., a “transfer queue o
minlmageTransferGranularity.width 1
minlmageTransferGranularity.height 1

= e.g., an “async compute queue” e

Supports presentation t ﬁ
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Vulkan Essentials: Quel

B A queue always belongs to a queue family.

m Queue families

s A physical device can support different queue families
... or only one.

s Different queue families have different properties.

s Multiple queues of the same queue family can be
created and used.

®m Why use multiple queues?
m Increase concurrency

s (Potentially) increase performance with
specialized queues:

s e.g., al“transfer queue”

= e.g., an “async compute queue”

== Vulkan Hardware Capability Viewer 3.0

= Cueue family

~ Flags Oxf
GRAPHICS_BIT
COMPUTE_BIT
TRANSFER_BIT
SPARSE_BINDING_BIT
queueCount 16
timestampValidBits 64

minlmageTransferGranularity.width 1
minlmageTransferGranularity.height 1
minlmageTransferGranularity.depth 1
Supports presentation true
ueue family
~ Flags
TRAMSFER_BIT
SPARSE_BINDING_BIT
queueCount 2

timestampValidBits 64

minlmageTransferGranularity.width 1
minlmageTransferGranularity.height 1
minlmageTransferGranularity.depth 1

Supports presentation false

~ Queue family

* Flags (e

COMPUTE_BIT
TRAMSFER_BIT
SPARSE_BINDING_BIT
queueCount 8
timestampValidBits 64

minlmageTransferGranularity.width 1
minlmageTransferGranularity.height 1
minlmageTransferGranularity.depth 1
Supports presentation true
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Vulkan Essentials: Quel

B A queue always belongs to a queue family.

m Queue families

s A physical device can support different queue families
... or only one.

s Different queue families have different properties.

s Multiple queues of the same queue family can be
created and used.

®m Why use multiple queues?
m Increase concurrency

s (Potentially) increase performance with
specialized queues:

s e.g. a“transfer queue”

= e.g., an|“async compute queue”

== Vulkan Hardware Capability Viewer 3.0

= Cueue family

~ Flags Oxf
GRAPHICS_BIT
COMPUTE_BIT
TRANSFER_BIT
SPARSE_BINDING_BIT
queueCount 16
timestampValidBits 64

minlmageTransferGranularity.width 1
minlmageTransferGranularity.height 1
minlmageTransferGranularity.depth 1
Supports presentation true

= Queue family

~ Flags O
TRANSFER_BIT
SPARSE_BINDING_BIT
queueCount 2
timestampValidBits 64

minlmageTransferGranularity.width 1
minlmageTransferGranularity.height 1
minlmageTransferGranularity.depth 1
Supports presentation false
ueue family
* Flags
COMPUTE_EBIT
TRANSFER_BIT
SPARSE_BINDING_BIT
queueCount 8

timestampValidBits 64

minlmageTransferGranularity.width 1
minlmageTransferGranularity.height 1
minlmageTransferGranularity.depth 1
Supports presentation true
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m Vulkan Hardware Capability Viewer:

m  https://www.saschawillems.de/creations/vulkan-hardware-
capability-viewer

m https://github.com/SaschaWillems/VulkanCapsViewer

m Data can be uploaded into the GPUinfo database
m https://vulkan.gpuinfo.org

m Browse the results!

m Check if a GPU supports Vulkan, queue families,
extensions, image formats, etc.

m Thank you, Sascha Willems! :)
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== Vulkan Hardware Capability Viewer 3.0

dware Capability Viewer 3.0

Har
- -
7= -
evice

Database Settings

Select device:  [GPUO] NVIDIA GeForce RTX 3070

= Cueue family

~ Flags
GRAPHICS_BIT
COMPUTE_BIT
TRANSFER_BIT
SPARSE_BINDING_BIT
queueCount
timestampValidBits
minlmageTransferGranulari
minlmageTransferGranulari
minlmageTransferGranulari

Supports presentation

= Queue family

~ Flags
TRANSFER_BIT
SPARSE_BINDING_BIT
queueCount
timestampValidBits
minlmageTransferGranulari
minlmageTransferGranulari
minlmageTransferGranulari

Supports presentation

~ Queue family

* Flags
COMPUTE_BIT
TRAMSFER_BIT
SPARSE_BINDING_BIT
queueCount
timestampValidBits

minlmageTransferGranularity.width 1
minlmageTransferGranularity.height 1
minlmageTransferGranularity.depth 1

Supports presentation
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https://www.saschawillems.de/creations/vulkan-hardware-capability-viewer
https://github.com/SaschaWillems/VulkanCapsViewer
https://vulkan.gpuinfo.org/

Vulkan Essentials: Outline M

Which Kind of APl Is It?
Fundamental APl Usage
Validation
Instance, Physical Device, Logical Device
Queues

Extensions
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Vulkan E

ssentials: Extensions

Two extension types:

m Instance Extensions (left)
w.r.t the Vulkan installation
s Debug features
s OS-specific features

s Cross-device/instance/
process memory

m Device Extensions (right)
w.r.t. a specific device

s Capabilities of a physical
device or driver
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Name

== Vulkan Hardware Capability Viewer 3.0

Properties Features Extensions Formats
Layers
Version
VK_KHR_device_group_creation r.1
VK_KHR_external_fence_capabilities r.1

VK_KHR_external_memory_capabilities .1
VK_KHR_external_semaphore_capabilities r. 1
VK_KHR_get_physical_device_properties2 r. 2

VK_KHR_get_surface_capabilities2 r.1
VE_KHR_surface r.23
VE_KHR_win32_surface r.6
VK_EXT_debug_report r.9
VK_EXT_debug_utils n
VK_EXT_swapchain_colorspace r.d
VK_KHR_display n23
VK_KHR_get_display_properties2 rl

VK_KHR_surface_protected_capabilities .1
VK_NV_external_memory_capabilities rl

Queue families

Extensions

Memory

Surface

Instance

™= Vulkan Hardware Capability Viewer 3.0

Properties Features Extensions

Filter :

WYK_KHR_16bit_storage
WK_KHR_8bit_storage
WK_KHR_acceleration_structure
WK_KHR_bind_memory2
WVK_KHR_buffer_device_address
VK_KHR_copy_commands2
WK_KHR_create_renderpass2
VK_KHR_dedicated_allocation
WK_KHR_deferred_host_operations
WK_KHR_depth_stencil_resolve
WK_KHR_descriptor_update_template
WK_KHR_device_group
WVK_KHR_draw_indirect_count
WK_KHR_driver_properties
VK_KHR_external_fence
WVK_KHR_external_fence_win32
WK_KHR_external_memory
VK_KHR_external_memory_win32
WK_KHR_external_semaphore
WK_KHR_external_semaphore_win32
VK_KHR_fragment_shading_rate
WK_KHR_get_memory_requirements2
VK_KHR_image_format_list
WK_KHR_imageless_framebuffer
WVK_KHR_maintenancel
WVK_KHR_maintenance?
WK_KHR_maintenance3
VE_KHR_multiview
WK_KHR_pipeline_executable_properties
WE_KHR_pipeline_library
WK_KHR_push_descriptor
WVK_KHR_ray_query
WK_KHR_ray_tracing_pipeline

M WHR ralavard hinel laemot

Formats Queue families Memory Surface Instance

rl
r.l
r.11
rl
r
rl
r.l
K32
rnd
rl
rl
r.d

r.l
r
rl
r.l

r.l
rl
rl
r.l

r.l
r2
rl
rl
rl
r.l
rl
n2
rl
rl
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Vulkan Essentials: Extensions

Instance Extensions

Use vkCreateDebugUtilsMessenge to install a

callback, which gets invoked whenever the \alidation layers
have something to report.

It is an extension, that’s why it is suffixed with “EXT".

C Specification

A debug messenger triggers a debug callback with a debug message

nt of interest occurs. To create a debug messenger
which will trigger a debug callback, call:

// Provided by VK_EXT_debug utils
VkResult vkCreateDebugUtilsMes senge

VkInstance instance,
e

const VkDebugUtilsMessenger(Crea EXT* pCreatelnfo,

const VkAllocationCallbacks ' pAllocator,

VkDebugUtilsMes senge EXT*

pMessenger);

© 2021 The Khronos Group, Inc. creative Commons Attribution 4.0 International

Best way to approach this: Follow the official Khronos example
Debug Utilities for the best practice-approach!
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Vulkan Essentials: Extensions

Instance Extensions

// During instance creation:

const char* instance extensions[2] = {

"VK_KHR surface",
"VK_KHR_win32 surface"

}s

VkInstanceCreateInfo create_info = {};
// Set further create_info properties.

create _info.enabledExtensionCount = 2;
create_info.ppEnabledExtensionNames
= instance_extensions;

// Use create_info with
// vkCreateInstance ...
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Use vkCreateDebugUtilsMessenger|EXT] to install a
callback, which gets invoked whenever th7/alidation layers

have something to report.
It is an extension, that’s why it is suffixed with “EXT”.

C Specification

A debug messenger triggers a debug callback with a debug messpde, an event of interest occurs. To create a debug messenger

which will trigger a debug callback, call:

[/ Provided by VK_EXT_debug utils
VkResult vkCreateDebugUtilsMessenge
VkInstance
const VkDebugUtilsMessengerCregfeInfREXT* pCreateInfo,

B

instance,

const VkAllocationCallbacks pAllocator,
VkDebugUtilsMessenge pMessenger);

© 2021 The Khronos Group, Inc. creative Commons Attribution 4.0 International

Best way to approach this: Follow the official Khronos example
Debug Utilities for the best practice-approach!

¥
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Vulkan Essentials: Extensions

Instance Extensions

// During instance creation:

const char* instance extensions[3] =
"VK_KHR surface",
"VK_KHR_win32 surface"
, "VK_EXT_debug utils”

¥

VkInstanceCreateInfo create_info = {};
// Set further create_info properties.

create_info.enabledExtensionCount =
create_info.ppEnabledExtensionNames
= instance_extensions;

// Use create_info with
// vkCreateInstance ...
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3;

Use vkCreateDebugUtilsMessenger|EXT] to install a
callback, which gets invoked whenever th7/alidation layers

have something to report.
It is an extension, that’s why it is suffixed with “EXT”.

C Specification

A debug messenger triggers a debug callback with a debug messpde, an event of interest occurs. To create a debug messenger

which will trigger a debug callback, call:

[/ Provided by VK_EXT_debug utils
VkResult vkCreateDebugUtilsMessenge
VkInstance
const VkDebugUtilsMessengerCregfeInfREXT* pCreateInfo,
pAllocator,

B

instance,

const VkAllocationCallbacks3
VkDebugUtilsMessenge pMessenger);

© 2021 The Khronos Group, Inc. creative Commons Attribution 4.0 International

Best way to approach this: Follow the official Khronos example
Debug Utilities for the best practice-approach!
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Vulkan Essentials: Extensions

Device Extensions

For example, how to enable real-time ray tracing?

m Its support depends on the GPU
. . . "VK_KHR_ray tracing pipeline"
m Therefore, it must be a device extension. | requires the following extensions in addition:

B Whlch extension to use? "VK_KHR_acceleration_structure",
" . n "VK_EXT _descriptor_indexing",
? — — —_
= VK_NV_ray_tracing® : "VK_KHR_buffer device address",

"VK_KHR_ray_tracing” ? "VK_KHR_deferred host operations"

m "VK KHR ray tracing pipeline"?
m Turns out that "vk KHR ray tracing pipeline"is the /
way to go, but has additional dependencies.
s Check the specification!
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const char* enabled extensions[5] = { "VK_KHR ray tracing pipeline", "VK KHR acceleration_ structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };

VkDeviceCreateInfo create_info = {};
create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;

create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled_extensions;

// Use create _info with vkCreateDevice ...
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const char* enabled extensions[5] = { "VK_KHR ray tracing pipeline", "VK KHR acceleration_ structure", ‘
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };
VkDeviceCreatelnfo c r‘eate_info T

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;

create_info.ppEnabledExtensionNames = enabled_extensions;

// Use create _info with vkCreateDevice ...
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VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};

rt_pipe_features.sType = VK_STRUCTURE_TYPE_PHYSICAL_ DEVICE_RAY_ TRACING PIPELINE_FEATURES_ KHR;
rt_pipe_features.rayTracingPipeline = VK _TRUE;

const char* enabled extensions[5] = { "VK_KHR ray tracing pipeline", "VK KHR acceleration_ structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;

create_info.ppEnabledExtensionNames = enabled extensions;

// Use create _info with vkCreateDevice ...
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VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};

rt_pipe_features.sType = VK _STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
Irt_pipe_features.rayTracingPipeline = VK_TRUE; |

const char* enabled extensions[5] = { "VK_KHR ray tracing pipeline", "VK KHR acceleration_ structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;

create_info.ppEnabledExtensionNames = enabled extensions;

// Use create _info with vkCreateDevice ...
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VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};
rt_pipe_features.sType = VK _STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe_features.rayTracingPipeline = VK _TRUE;

const char* enabled _extensions[5] = { "VK_KHR_ray_tracing pipeline", "VK_KHR_acceleration_structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled extensions;

create_info.pNext = &rt _pipe_ features;

// Use create_info with vkCreateDevice ...
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VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};
rt_pipe_features.sType = VK _STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe_features.rayTracingPipeline = VK _TRUE;

const char* enabled _extensions[5] = { "VK_KHR_ray_tracing pipeline", "VK_KHR_acceleration_structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled_extensions;

| create_info.pNext = &rt_pipe_features; |

// Use create_info with vkCreateDevice ...
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VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};
rt_pipe_features.sType = VK _STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe_features.rayTracingPipeline = VK _TRUE;

const char* enabled _extensions[5] = { "VK_KHR_ray_tracing pipeline|', "VK_KHR_acceleration_structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREAAE_INFO;
create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled_extensions;

| create_info.pNext = &rt_pipe_features; |

// Use create_info with vkCreateDevice ...
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VkPhysicalDeviceAccelerationStructureFeatureskHR as_features = {};
as_features.sType = VK_STRUCTURE_TYPE_PHYSICAL DEVICE ACCELERATION_STRUCTURE_FEATURES KHR;
as_features.accelerationStructure = VK _TRUE;

VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};
rt_pipe_features.sType = VK _STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe_features.rayTracingPipeline = VK _TRUE;

const char* enabled _extensions[5] = { "VK_KHR_ray_tracing pipeline", "VK_KHR_acceleration_structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled_extensions;

create_info.pNext = &rt _pipe_ features;

// Use create_info with vkCreateDevice ...
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VkPhysicalDeviceAccelerationStructureFeatureskHR as_features = {};
as_features.sType = VK=STRUCTURE_TYPE_PHYSICAL_DEVICE_ACCELERATION_STRUCTURE_FEATURES_KHR;
as_features.accelerationStructure = VK_TRUE;I

VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};
rt_pipe_features.sType = VK _STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe_features.rayTracingPipeline = VK _TRUE;

const char* enabled _extensions[5] = { "VK_KHR_ray_tracing pipeline", "VK_KHR_acceleration_structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer device address", "VK KHR deferred host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled_extensions;

create_info.pNext = &rt _pipe_ features;

// Use create_info with vkCreateDevice ...
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VkPhysicalDeviceAccelerationStructureFeatureskHR as_features = {};
as_features.sType = VK_STRUCTURE_TYPE_PHYSICAL DEVICE ACCELERATION_STRUCTURE_FEATURES KHR;
as_features.accelerationStructure = VK _TRUE;

VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};

rt_pipe features.sType = VK_STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe_features.rayTracingPipeline = VK _TRUE;

rt_pipe features.pNext = &as_ features;

const char* enabled extensions[5] = { "VK_KHR ray_tracing pipeline", "VK_KHR acceleration_structure",
"VK_EXT_descriptor_indexing", "VK_KHR buffer_device address", "VK_KHR deferred host operations" };
VkDeviceCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create _info.enabledExtensionCount = 5;

create _info.ppEnabledExtensionNames = enabled extensions;

create_info.pNext = &rt _pipe features;

// Use create _info with vkCreateDevice ...
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VkPhysicalDeviceAccelerationStructureFeatureskHR as_features = {};
as_features.sType = VK_STRUCTURE_TYPE_PHYSICAL DEVICE ACCELERATION_STRUCTURE_FEATURES KHR;
as_features.accelerationStructure = VK _TRUE;

VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt/pipe features = {};

rt_pipe features.sType = VK _STRUCTURE_TYPE_PHYSZCAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe_features.rayTracingPipeline = VK_TRU
|rt_pipe_features.pNext = &as_features;|

const char* enabled extensions[5] = { "VK_KHR ray_tracing pipeline", "VK_KHR acceleration_structure",
"VK_EXT_descriptor_indexing", "VK_KHR buffer_device address", "VK_KHR deferred host operations" };
VkDeviceCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create _info.enabledExtensionCount = 5;

create _info.ppEnabledExtensionNames = enabled extensions;

create_info.pNext = &rt _pipe features;

// Use create _info with vkCreateDevice ...
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VkPhysicalDeviceVulkanl2Features vulkanl2_features = {};

vulkan12_features.sType = VK_STRUCTURE TYPE_PHYSICAL DEVICE VULKAN_ 1 2 FEATURES;
vulkanl2 features.descriptorIndexing = VK _TRUE;

vulkanl2 features.bufferDeviceAddress = VK _TRUE;

VkPhysicalDeviceAccelerationStructureFeatureskHR as_features = {};
as_features.sType = VK _STRUCTURE_TYPE PHYSICAL DEVICE ACCELERATION_STRUCTURE_FEATURES_ KHR;
as_features.accelerationStructure = VK _TRUE;

VkPhysicalDeviceRayTracingPipelineFeatureskHR rt_pipe_features = {};

rt_pipe_features.sType = VK_STRUCTURE_TYPE_PHYSICAL_ DEVICE_RAY_ TRACING PIPELINE_FEATURES_KHR;
rt_pipe features.rayTracingPipeline = VK_TRUE;

rt_pipe features.pNext = &as_ features;

const char* enabled extensions[5] = { "VK_KHR ray tracing pipeline", "VK KHR acceleration_ structure",
"VK_EXT_descriptor_indexing", "VK_KHR_buffer_device_address", "VK_KHR deferred_host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled_extensions;

create_info.pNext = &rt _pipe_features;

// Use create _info with vkCreateDevice ...
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VkPhysicalDeviceVulkanl2Features vulkanl2_features = {};

vulkan12_features.sType = VK_STRUCTURE TYPE_PHYSICAL DEVICE VULKAN_ 1 2 FEATURES;
|vu1kan12:features.descriptorTndexing = VK_TRUEJ

vulkanl2 features.bufferDeviceAddress = VK TRUE;

VkPhysicalDeviceAccelerationStructureFeatureskHR as_features = {};
as_features.sType = VK _STRUCTURE_TYPE PHYSICAL DEVICE ACCELERATION_STRUCTURE_FEATURES_ KHR;
as_features.accelerationStructure = VK _TRUE;

VkPhysicalDeviceRayTracingPipelineFeatureskHR rt_pipe_features = {};

rt_pipe_features.sType = VK_STRUCTURE_TYPE_PHYSICAL_ DEVICE_RAY_ TRACING PIPELINE_FEATURES_KHR;
rt_pipe features.rayTracingPipeline = VK_TRUE;

rt_pipe features.pNext = &as_ features;

const char* enabled_extensions[5] = { "VK_KHR ray tracing pipeline", "VK KHR acceleration_ structure",
|"VK_EXT_descriptorﬁindexingij "VK_KHR buffer_device address", "VK _KHR deferred host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled_extensions;

create_info.pNext = &rt _pipe_features;

// Use create _info with vkCreateDevice ...
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VkPhysicalDeviceVulkanl2Features vulkanl2_features = {};

vulkan12_features.sType = VK_STRUCTURE TYPE_PHYSICAL DEVICE VULKAN_ 1 2 FEATURES;
vulkanl2 features.descriptorIndexing = VK TRUE;
|vu1kan12:features.bufferDeviceAddress = VK_TRUE;l

VkPhysicalDeviceAccelerationStructureFeatureskHR as_features = {};
as_features.sType = VK _STRUCTURE_TYPE PHYSICAL DEVICE ACCELERATION_STRUCTURE_FEATURES_ KHR;
as_features.accelerationStructure = VK _TRUE;

VkPhysicalDeviceRayTracingPipelineFeatureskHR rt_pipe_features = {};

rt_pipe_features.sType = VK_STRUCTURE_TYPE_PHYSICAL_ DEVICE_RAY_ TRACING PIPELINE_FEATURES_KHR;
rt_pipe features.rayTracingPipeline = VK_TRUE;

rt_pipe features.pNext = &as_ features;

const char* enabled extensions[5 = { "VK KHR ray tracing pipeline", "VK_KHR_acceleration_structure",
"VK_EXT_descriptor_indexing",]"VK KHR buffer device address"] "VK_KHR deferred_host operations" };
VkDeviceCreateInfo create_info = {};

create_info.sType VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;

create_info.ppEnabledExtensionNames = enabled_extensions;

create_info.pNext &rt_pipe_ features;

// Use create _info with vkCreateDevice ...
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VkPhysicalDeviceVulkanl2Features vulkanl2_features = {};

vulkan12_features.sType = VK_STRUCTURE TYPE_PHYSICAL DEVICE VULKAN_ 1 2 FEATURES;
vulkanl2 features.descriptorIndexing = VK _TRUE;

vulkanl2 features.bufferDeviceAddress = VK _TRUE;

VkPhysicalDeviceAccelerationStructureFeatureskKkHR as_features = {};

as_features.sType = VK _STRUCTURE_TYPE PHYSICAL DEVICE ACCELERATION_STRUCTURE_FEATURES_ KHR;
as_features.accelerationStructure = VK _TRUE;

as_features.pNext = &vulkanl2 features;

VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};

rt_pipe features.sType = VK _STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe features.rayTracingPipeline = VK_TRUE;

rt_pipe features.pNext = &as_ features;

const char* enabled extensions[5] = { "VK_KHR ray_tracing pipeline", "VK_KHR acceleration_ structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer_device address", "VK_KHR _deferred host operations" };
VkDeviceCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;
create_info.ppEnabledExtensionNames = enabled extensions;

create_info.pNext = &rt _pipe features;

// Use create_info with vkCreateDevice ...
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VkPhysicalDeviceVulkanl2Features vulkanl2_features = {};

vulkan12_features.sType = VK_STRUCTURE TYPE_PHYSICAL DEVICE VULKAN_ 1 2 FEATURES;
vulkanl2 features.descriptorIndexing = VK _TRUE;
vulkanl2 features.bufferDeviceAddress = VK _TRUE;

VkPhysicalDeviceAccelerationStructureFeaturesKkHR as_fgatures = {};

as_features.sType = VK _STRUCTURE_TYPE PHYSICAL DEVIGE ACCELERATION_STRUCTURE_ FEATURES_ KHR;
as_features.accelerationStructure = VK TRUE;
[Eg:features.pNext = &vulkan12=features?|

VkPhysicalDeviceRayTracingPipelineFeaturesKkHR rt_pipe features = {};

rt_pipe features.sType = VK _STRUCTURE_TYPE_PHYSICAL DEVICE RAY TRACING PIPELINE_FEATURES KHR;
rt_pipe features.rayTracingPipeline = VK_TRUE;

rt_pipe features.pNext = &as_ features;

const char* enabled extensions[5] = { "VK_KHR ray_tracing pipeline", "VK_KHR acceleration_ structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer_device address", "VK_KHR _deferred host operations" };
VkDeviceCreateInfo create _info = {};

create_info.sType = VK_STRUCTURE_TYPE_DEVICE_CREATE_INFO;
create_info.enabledExtensionCount = 5;

create_info.ppEnabledExtensionNames = enabled extensions;

create_info.pNext = &rt _pipe features;

// Use create_info with vkCreateDevice ...
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VkPhysicalDeviceVulkanl2Features vulkanl2_features = {};

vulkan12_features.sType = VK_STRUCTURE TYPE_PHYSICAL DEVICE VULKAN_ 1 2 FEATURES;
vulkanl2 features.descriptorIndexing = VK _TRUE;
vulkanl2 features.bufferDeviceAddress = VK _TRUE;

VkPhysicalDeviceAccelerationStructureFeaturesKkHR as_fgatures = {};

as_features.sType = VK _STRUCTURE_TYPE PHYSICAL DEVIGE ACCELERATION_STRUCTURE_ FEATURES_ KHR;
as_features.accelerationStructure = VK TRUE;
[Eg:features.pNext = &vulkan12=features?|

VkPhysicalDeviceRayTracingPipelineFeatureskHR rt_pipe fea
rt_pipe features.sType = VK STRUCTURE_TYPE PHYSICAL DE

rt_pipe_features.rayTracingPipeline = VK_TRUE;
|rt_pipe_features.pNext = &as=features;|

const char* enabled extensions[5] = { "VK_KHR ray_tracing pipeline|, "VK KHR acceleration_ structure",
"VK_EXT_descriptor_indexing", "VK _KHR buffer_device address", "VK_KHR deferred host operations" };
VkDeviceCreateInfo create _info = {};

create _info.sType VK_STRUCTURE_TYPE_DEVICE CRE
create_info.enabledExtensionCount 5;

create info.ppEnabledExtensionNames = enabled extensions;
lcreate_info.pNext &rt_pipe_features; |

res = {};
E_RAY_TRACING_PIPELINE_FEATURES_KHR;

E_INFO;

// Use create_info with vkCreateDevice ...
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Two different types: instance-level, and (physical) device-level extensions
m Query if an extension is supported
m For instance extensions: vkEnumerateInstanceExtensionProperties
m For device extensions: vkEnumerateDeviceExtensionProperties
m Sometimes, a pNext chain can be necessary for configuration.
m Different types of extensions:
s Khronos extensions: VK_KHR_*
s Vendor-specific extensions: VK _AMD *, VK INTEL *, VK _NV_*, ...

s Multivendor extensions: VK _EXT *

m Use predefined macros instead of extension names directly:
VK_KHR_RAY_TRACING_PIPELINE_EXTENSION NAME instead of "VK_KHR_ray tracing_pipeline”

¥
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Vulkan Essentials: Outline M

Which Kind of APl Is It?
Fundamental APl Usage
Validation
Instance, Physical Device, Logical Device
Queues

Extensions
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