Chapter 1: Getting Started with the NextGen 3D Graphics API
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Chapter 2: Your First Vulkan Pseudo Program

Create Instance Enumerate Physical Device Create Device

— p—

(Vklnstance Object) (VkPhysicaIDevice Object) (VkDevice Object)

Extensions Types
|

Create Instance Create Device
Enumerate and initialize layer Enumerate GPU on the system
vkEnumeratelnstancelLayerProperties vkEnumeratePhysicalDevices
Enumerate instance layer extensions Enumerate devicelayer extensions
vkEnumeratelnstanceExtensionProperties vkEnumerateDeviceExtensionProperties
Enable validation layers and » . .
i . 4 Enable the extensions for device
extensions for instance
Create instance object Create device object
vkCreatelnstance vkCreateDevice

Presentation Initialization

Create a native empty window
CreateWindowEXx / xcb_create_window

Query WSI extensions — store as function pointers
vkCreateSwapchainKHR, vkCreateSwapchainKHR

» Create abstract surface object for native platform
vkCreate<Win32/Wayland/Android>SurfaceKHR

Find graphics queue with presentation support
(Function pointer) vkGetPhysicalDeviceSurfaceSupportKHR’s

Query surface formats and store them in array
(Function pointer) fpGetPhysicalDeviceSurfaceFormatsKHR
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Memory FrameBuffer

Image Object > Color Image View 1

Heap

Image Object > Color Image View 2

 Image Object > Depth image View

static const VertexWithColor triangleData[] ={
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Render Pass Begin

State Management

Bind Vertex Buffer

Update Vertex Buffer

Bind Descriptor Set

Execute Command

Render Pass End
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Chapter 3: Shaking Hands with the Device

B C\WINDOWS\system32\cmd.exe

C:\VulkanEssentials\chapter_3\HandShake\build>cmake -G "Visual Studio 14 2015 Winé4" ..

-

o
3 |_E

-

3 0 Device CMakeFiles Debug x64 3 0 Device 3_0 Device 3 0 Device
Handshake. Handshake Handshake Handshake
dir
+ 4 E el + 4 E ol + 4
3 0 Device ALL BUILD ALL BUILD. cmake_inst CMakeCach ZERO_CHE ZERO_CHE
Handshake. VCXproj all.crake e CK CK.vexproj
VCHPIoj

source

- binary

o CMakelist.txt

Sample include header files

Sample source code files

CMake build folder, contains project solution

Place for generated sample executables

CMake config file for building target solutions

Stores resource type like images, icons, meshes
Contains third party source code, external libs

B C\WINDOWS\system32\cmd.exe

C:\VulkanEssentials\chapter_3\HandShake\binaries>3_@_DeviceHandshake.exe > apiDump.txt
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Queue Type |
Graphics Compute Transfer Sparse
VkQueue VkQueue VkQueue VkQueue

Number of Queue in queue
family 0

Queue Family Properties 0
(VkQueueFamilyProperties )

Number of Queue in queue

Queue Family Properties 1

VkPhysicalDevice

(VkQueueFamilyProperties )

Queue Family Properties 2
( VkQueueFamilyProperties )

family 1

Number of Queue in queue
family 2

Q

Properties 0

[ 1 ]

VkPhysicalDevice

Queue Family
Properties 1

ueue Family

Queue Family
Properties 2

Queue Family
Properties 3

Compute Transfer Compute Transfer Compute Graphics

VkQueue VkQueue VkQueue VkQueue VkQueue VkQueue
I

Graphics Sparse Graphics Transfer

VkQueue VkQueue VkQueue VkQueue




Chapter 4: Debugging in Vulkan

B CAWINDOWS\system32\cmd.exe C
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Chapter 5: Command Buffer and Memory Management in
Vulkan

Command Command Command Command
Buffer Buffer Buffer Buffer

Command Command Command Command
Buffer Buffer Buffer Buffer

Command Command Command Command
Buffer Buffer Buffer Buffer

Command Command Command Command
Buffer Buffer Buffer Buffer

Thread 1

=

Command Buffer Pool 1

Command | Command
Buffer Buffer

Thread 2

=

Command Buffer Pool 2

Command | Command
Buffer Buffer

Thread 3

=

Command Buffer Pool 3

Command = Command & Command
Buffer Buffer Buffer

Command
Buffer

Command
Buffer

Command
Buffer

Command | Command
Buffer Buffer

Command = Command = Command

Command
Buffer

Command | Command
Buffer Buffer

Buffer Buffer Buffer
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Command |

Buffer

Start Recording (vkBeginCommandBuffer)

vkCmdBeginRenderPass

vkCmdBindPipeline

vkCmdBindDescriptorSets

vkCmdBindVertexBuffers
— The Vulkan API calls
vkCmdSetViewport

vkCmdSetScissor

vkCmdDraw

vkCmdEndRenderPass

End Recording (vkEndCommandBuffer)




Chapter 6: Allocating Image Resources and Building a
Swapchain with WSI

Create image vkCreatelmage() Vkimage

Image memory requirement VL= e e = g | = VkIMlemoryRequirements

Determine the type of memory VkPhysicalDeviceMemoryProperties Type Index

Allocate Memory vkAllocateMemory() VkDeviceMemory

Bind Memory vkBindimageMemory() — -

Set Image Layout vkCmdPipelineBarrier() -

Create Image View

vkCreatelmageView()

VkimageView

Create an Querying

empty swap chain Get supported

window

extensions

image formats

Query
surface
capabilities

present mode

Manage
present mode
information

Create
swapchain
color images

Create Depth

image

Allocate
memory and
bind to depth
buffer image

Create the
command
pool

Start
command
buffer
recording

Add pipeline
T

End command
buffer
recording

Create depth
image view
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Manages the logical
device and physical
device associated
with it. Also,
addresses the
queues advertised
by the devices.

Manages the
pipeline, pipeline
cache memory
barriers.

—

VulkanApplication

VulkanRenderer

VulkanDevice

VulkanSwapChain

VulkanPipeline

Manages the overall

—l .
application

e
Manages the platform

specific presentation
window and the drawing
surfaces associated with it.

Provides the swap chain

drawing surfaces and
manages the swapping of
drawing image.

VulkanApplication

Vulkan Vulkan
Renderer Renderer )
Vulkan Vulkan
Renderer Renderer L
VulkanRenderer

Create Drawing

Created
Empty
window

(

Image

] (_Window )
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/VkCreateAndroidSurfaceKHR() /L
/VkCreateWayIandSurfaceKHR() /L
/VkCreateWin3ZSurfaceKHR() /

/kareatechSurfaceKHR /

VkSurfaceKHR /
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Chapter 7: Buffer Resource, Render Pass, Framebuffer, and
Shaders with SPIR-V

(e.ef, 1.ef, 0.of) (1.ef, @.0f, 8.0f)
®

T =

(0.0f, 1.0f, 0.0f) (0.0f, 0.0f, 1.8f)
(1.ef,-1.0f,0.0f) (1.0f,-1.ef,0.0f) @ L J

Create buffer resource
Gather the buffer memory requirement
Determine the type of memory in which buffer to be allocated
Allocate the device memory using gather memory requirements
Staging — map memory, push data, unmap memory

Bind device memory to created buffer resource

Create buffer view [Optional — only when used by shaders]

Create buffer vkCreateBuffer() VkBuffer
Buffer memory requirement vkGetBufferMemoryRequirements() VkMemoryRequirements

Determine the type of memory VkPhysicalDeviceMemoryProperties Type Index

Allocate Memory vkAllocateMemory() VkDeviceMemory

Stage vkBindBufferMemory() -

Bind Memory vkMapMemory()/vkUnmapMemory() -
Create Buffer View vkCreateBufferView() VkBufferView
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VulkanApplication::prepare()

VulkanRenderer::prepare()

VulkanDrawable::prepare()

VulkanApplication::render()

VulkanRenderer::render()

VulkanDrawable::render()

B! Clearing the background

B Clearing the background

81 Clearing the background

- GLSL
ESSL

Game ‘

New
engines

---Languages

{ OpenCL C |

Other Intermediate
Forms

OpenCL

Driver A

‘ Other ‘
- Languages

Other Languages
Vulkan

Driver Y

Vulkan
Driver X




w— Each slot 32 bits—*

Header
Payload
Containing OpTypefunction
variable-length <id> is ;a -
Instructions retumn type <id> is

(Per color code)




Chapter 8: Pipelines and Pipeline State Management

Primitive Assembler

v

Rasterization

Pre-Fragment Operations

&

| Fragment Assembler | :
PR : Framebuffer

| Fragment Shader fe—— Input Attachment |i

| Post-Fragment Operations |<—Ir| Depth/Stencil Attachment [4—

[ Color/Blending Operations |<—F| Color Attachment E

v v
| Input Assembler | Compute Assembler |
v
| Vertex Shader [« » > Compute Shader |
| Push Constants —
| Tessellation Assembler |
i Descriptor Sets
| Tessellation Control Shader _ |—»a— Sampled Image .
v
[ Tessellation Primitive Generator |  |«—{__ Uniform Texel Buffer  |—
[ Tessellation Evaluation Shader _|«—l«— {7 Uniform Buffer >
Ye > 4_p| Storage Image |4_>
e R
[ Gomety S o< SR>

Legend

| Fixed Function Stage |

[ Programmable Stage |

[ Image |

| Constants |

VulkanApplication

VulkanDevice

VulkanRenderer

VulkanSwapChain

VulkanShader

VulkanPipeline

VulkanDrawable
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T " T
\ Header | Payload )

Retrieved data from vkGetPipelineCacheData() API

Graphics
Pipeline

Pipeline State Objects

Dynamic state
Vertex input state
Input assembly state
Rasterization state
Color Blend state
Viewport state
Depth/Stencil state
Multi-Sampling state
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Index list with triangle strip topology

Shape O Shape 1

OXFFFF
1 2 6 8 10

Index list inserted with reset marker on triangle strip topology
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Primitive 1st 2nd 3rd 1/2 2/3 3/2
only (i=0, n=1) 0 2 4 1 5 3
first (i=0) 0 2 4 1 6 &
middle (i odd ) 2i+2 2i 2i+4 2i-2 2i+3 2i+6
middle (i even) 2i 2i+2 2i+4 2i-2 2i+6 2i+3
last (i=n-1, i odd ) 2i+2 2i 2i+4 2i-2 2i+3 2i+5
last (i=n-1, i even) 2i 2i+2 2i+4 2i-2 2i+5 2i+3




VK_SAMPLE_COUNT 1 BIT VK_SAMPLE COUNT 2 BIT VK_SAMPLE_COUNT_4_BIT

VK_SAMPLE _COUNT 8 BIT VK_SAMPLE_COUNT _16_BIT




void VulkanRenderer::initialize()

void VulkanRenderer::initialize()

!

void VulkanRenderer::createPipelineStateManagement()

!

voidCommandBufferMgr::beginCommandBuffer(cmdPipelineStateMgmt)

!

void VulkanPipeline::createPipelineCache()

!

void VulkanPipeline::createPipeline()

!

void CommandBufferMgr::endCommandBuffer(cmdPipelineStateMgmt)
void CommandbufferMgr::submitCommandBuffer(cmdPipelineStateMgmt)




Chapter 9: Drawing Objects

B ' Drawing Hello World = ] X
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B ' Indexed Draw

8 Resizing window

B Resizing window




Chapter 10: Descriptors and Push Constant

Create uniform buffer resource

Gather the buffer memory requirement
Determine the type of memory in which buffer to be allocated

Allocate the device memory using gather memory requirements

Map memory, push data,
flush host’s mapped memory pending writes

Bind device memory to created buffer resource

Create buffer view [Optional — only when used by shaders]

VulkanDescriptor

Y

VulkanDrawable
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B ! Uniform and Decriptors = ] X

B Push Constants

W1 Push Constants o




Orignal = RGBA Original = RGBA * 0.3f
(0.3f is push constant mixer value)




Chapter 11: Drawing Textures
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VK_SAMPLER_ADDRESS_MODE_CLAMP_TO_BORDER
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B ' Texture demo




