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https://gitlab2.informatik.uni-wuerzburg.de/
opencollog/vulkan-hello-triangle
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Hardware overview

https://gpuopen.com/wp-content/uploads/2021/01/AMD_Graphics_
pipeline_GIC2020.pdf



What is Vulkan?

Vulkan i1s a low-level, low-overhead cross-platform API and open standard for
3D graphics and computing. It was intended to address the shortcomings of
OpenGL, and allow developers more control over the GPU. It 1s designed to
support a wide variety of GPUs, CPUs and operating systems, and it 1s also
designed to work with modern multi-core CPUs.
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"hello triangle" comparison, opengl/vulkan/
directx. Mostly for humour but also kinda

scary.
Full res: so om/temp/hellotria...




Vulkan — |

"hello triangle" comparison, opengl/vulkan/
directx. Mostly for humour but also kinda

scary.
Full res: solhsa.com/temp/hellotria...




DX9 DXii DXiz

uey|nA

Hello Triangle™
~DX12 doasn't incl

x| 1ouadQ
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“Hello Triangle”.

-GL1 uses SOL,

-GL3+ and Vulkan
use GLFW3,

Admittedly the Vulkan
version has more comments
and the GL verslons could
do more error checking..



Extensions

VK_KHR_ray_query VK_EXT_mesh_shader

Vulkan Core

VK_EXT _full_screen_exclusive e lightweight VK_KHR_video_decode _av1
® supported by
every device

VK_LAYER_KHRONOS validation VK_KHR_video_decode_h264



Vulkan Caps Viewer

B ' Vulkan Hardware Capability Viewer 3.41 = O x

Hardware Capability Viewer 3.41

:_q =_‘l"‘ O Ve

Upload Device Database Settings About

Select device: [GPUD] AMD Radeon{TM) Graphics -

Properties Features Extensions Formats Queue families Memory Surface Profiles Instance
Flter : ||
VEK_AMD_anti_lag r. 1 -
VE_AMD _buffer_marker r. 1
VK_AMD_calibrated_timestamps r. 1
VEK_AMD_device_coherent_mermory r. 1
VE_AMD_display_native_hdr r. 1
VE_AMD _draw_indirect_count r. 2
VE_AMD_gcn_shader r. 1
VK_AMD_gpa_interface r. 1
VE_AMD_gpu_shader_half_float r. 2
VE_AMD_gpu_shader_int16 r. 2
VE_AMD_memory_overallocation_behavior r. 1
VE_AMD_mixed_attachment_samples r. 1
VE_AMD _shader_ballot r. 1
VE_AMUD_shader_core_properties r.2
VK_AMD_shader_core_properties2 r. 1

VEK_AMUD_shader_early_and_late_fragment_tests . 1

WK AMD shader explicit vertex parameter r. 1 '



Lifecycle of a vulkan application

Initialization

l

aquire framebuffer ‘/_\

present frame
main loop

get user inputs

\_/'draw frame

:

cleanup



Lifecycle of a vulkan application

create shader load mesh draw triangle

h‘ create
VUI I(anvkpf;;fguﬁer VkPipeline

create VkQueue
create swapGChai

create VkDevice

‘render
triangle  ©&nd renderpass
submit command buffer

_ create  start command buffer present Frame
ipelineLayout start renderpas
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Swapchain - Frames in Flight

Display

Rendering

CPU A

time

11 -



Swapchain - Frames in Flight
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Geometry Shader
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Fixed Function Stage |
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C-API

void createInstance() {

VKkApplicationInfo appInfoi};

appInfo.sType = VK_STRUCTURE_TYPE_APPLICATION_INFO;
appInfo.pApplicationName = "Hello Triangle";
appInfo.applicationVersion = VK_MAKE_VERSION(1, 0, 0);
appInfo.pEngineName = "No Engine";
appInfo.engineVersion = VK_MAKE_VERSION(1, 0, 0);
appInfo.apiVersion = VK_API_VERSION_1_0;

VkInstanceCreateInfo createInfoi};
createInfo.sType = VK_STRUCTURE_TYPE_INSTANCE_CREATE_INFO;
createInfo.pApplicationInfo = &appInfo;

uint32_t glfwExtensionCount = 0;
const char** glfwExtensions;
glLfwExtensions = glfwGetRequiredInstanceExtensions(&glfwExtensionCount);

createInfo.enabledExtensionCount = glfwExtensionCount;
createInfo.ppEnabledExtensionNames = glfwExtensions;

createInfo.enabledLayerCount = 0;

if (vkCreateInstance(&createInfo, nullptr, &instance) != VK_SUCCESS) {
throw std::runtime_error("failed to create instance!");

}

14 -
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C-API

struct contains type explicitl
void createInstance() { yp p y

VKkApplicationInfo appInfoi}; /
appInfo.sType = VK_STRUCTURE_TYPE_APPLICATION_INFO; A
appInfo.pApplicationName = "Hello Triangle";
appInfo.applicationVersion = VK_MAKE_VERSION(1, 0, 0);
appInfo.pEngineName = "No Engine";
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> everything is set explicitly

VkInstanceCreateInfo createInfoi};
createInfo.sType = VK_STRUCTURE_TYPE_INSTANCE_CREATE_INFO;
createInfo.pApplicationInfo = &appInfo;

uint32_t glfwExtensionCount = 0;
const char** glfwExtensions;
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createInfo.enabledExtensionCount = glfwExtensionCount;
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handle to vulkan API

createInfo.enabledLayerCount = 0;

if (vkCreateInstance(&createInfo, nullptr, &instance) != VK_SUCCESS) {
throw std::runtime_error("failed to create instance!");

}



C++ header

vk::ApplicationInfo applicationInfo("Hello Triangle", 1, "No Engine", 1, VK_MAKE_VERSION(1, 2, ©));

vk: :InstanceCreateInfo instanceCreateInfo({}, &applicationInfo,
enableValidationLayers ? validationLayers.size() : 0,
enableValidationLayers ? validationLayers.data() : nullptr,
glfwExtensionCount, glfwExtensions, nullptr);

res = vk::createlnstance(&instanceCreateInfo, nullptr, &vkObject.vkInstance);
if (res '= vk::Result::eSuccess) {
throw std::runtime_error(std::format("failed to create vkInstance, error {}", (int)res));

}



C++ header

namespace vk

vk::ApplicationInfo applicationInfo("Hello Triangle", 1, "No Engine", 1, VK_MAKE_VERSION(1, 2, ©));

vk: :InstanceCreateInfo instanceCreateInfo({}, &applicationInfo,
enableValidationLayers ? validationLayers.size() : 0,
enableValidationLayers ? validationLayers.data() : nullptr,
glfwExtensionCount, glfwExtensions, nullptr);

res = vk::createlnstance(&instanceCreateInfo, nullptr, &vkObject.vkInstance);
if (res '= vk::Result::eSuccess) {
throw std::runtime_error(std::format("failed to create vkInstance, error {}", (int)res));

}



C++ header

namespace vk no explicit type as parameter

vk::ApplicationInfo applicationInfo("Hello Triangle", 1, "No Engine", 1, VK_MAKE_VERSION(1, 2, ©));

vk: :InstanceCreateInfo instanceCreateInfo({}, &applicationInfo,
enableValidationLayers ? validationLayers.size() : 0,
enableValidationLayers ? validationLayers.data() : nullptr,
glfwExtensionCount, glfwExtensions, nullptr);

res = vk::createlnstance(&instanceCreateInfo, nullptr, &vkObject.vkInstance);
if (res '= vk::Result::eSuccess) {
throw std::runtime_error(std::format("failed to create vkInstance, error {}", (int)res));

}



Pick Physical Device

uint32_t deviceCount = 0;
vk: :Result res = vkObject.vkInstance.enumeratePhysicalDevices(&deviceCount, nullptr);

16 -



Pick Physical Device

deviceCount reference, nullptr as collection
—> stores count in deviceCount
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Pick Physical Device

deviceCount reference, nullptr as collection
—> stores count in deviceCount

uint32_t deviceCount = 0;
vk: :Result res = vkObject.vkInstance.enumeratePhysicalDevices(&deviceCount, nullptr);
if (deviceCount == 0) {
throw std::runtime_error("failed to find GPUs with Vulkan support!");
}
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Pick Physical Device

deviceCount reference, nullptr as collection
—> stores count in deviceCount

uint32_t deviceCount = 0;

vk: :Result res = vkObject.vkInstance.enumeratePhysicalDevices(&deviceCount, nullptr);

if (deviceCount == 0) {
throw std::runtime_error("failed to find GPUs with Vulkan support!");
}

std: :vector<vk::PhysicalDevice> devices(deviceCount);
res = vkObject.vkInstance.enumeratePhysicalDevices(&deviceCount, devices.data());

get deviceCount many devices

16 -



Wie kommen die Daten auf die GPU?

High-Level OpenGL:

GLfloat g_vertex_buffer_datal[3 * 36] = {
-1.0f,-1.0f,-1.0f,
-1.0f,-1.0f, 1.0f,
-1.0f, 1.0f, 1.0f,

glGenBuffers(1l, &this->vertexbuffer);

glBindBuffer(GL_ARRAY BUFFER, this->vertexbuffer);

glBufferData(GL_ARRAY BUFFER, sizeof(this->g vertex buffer data),
this->g vertex buffer data, GL STATIC DRAW);

17 -
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Wie kommen die Daten auf die GPU?

CPU
L VRAM

[ e 000000

D D D D D D const std::vector<Vertex> vertices = {
{{-0.5f, -0.5f, 0.0f}, ...

Problem:
Memory-Mapped
DDDDDD vk::Buffer stagingBuffer(size, - PCIe ______
TransferSrc, HostVisible | HostCoherent)

e | ee— ———
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Wie kommen die Daten auf die GPU?

CPU
L VRAM

[ e 000000

D D D D D D const std::vector<Vertex> vertices = {
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s
| | [ A
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Wie kommen die Daten auf die GPU?

CPU
NIl VRAM
:D: main.cpp
- - goo0000
I I I I I vk: :Buffer buffer(size,
+ TransferDst, DevicelLocal)
RAM
DDDDDD const std::vector<Vertex> vertices = { GPU
{{-0.5f, -0.5f, 0.0f}, ...

TransferSrc, HostVisible | HostCoherent)

e | ee— ———

s
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Wie kommen die Daten auf die GPU?

CPU
NIl VRAM
:D: main.cpp
- - goo0000
I I I I I vk: :Buffer buffer(size,
+ TransferDst, DeviciLocal)
RAM §
DDDDDD const std::vector<Vertex> vertices = { GPU i
{{-0.5f, -0.5f, 0.0f}, ...

};

Memory-Mapped l @ @ A
DDDDDD vk::Buffer stagingBuffer(size, PCle
TransferSrc, HostVisible | HostCoherent)

e | ee— ———




Commandbuffer

CPU EEIE
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cb.begin(&beginInfo)
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Commandbuffer

CPU EEIE
BRI

cb.begin(&beginInfo)

cb.bindPipeline(vk: :PipelineBindPoint: :eGraphics, pipeline);

GPU ]!!!l!!'l
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Commandbuffer

CPU EEIE

cb.begin(&beginInfo)

cb.bindPipeline(vk: :PipelineBindPoint: :eGraphics, pipeline);

cb.bindDescriptorSets(vk: :PipelineBindPoint: :eGraphics,
layout, O, 1, graphicsDescriptorSet->GetPtr(),

GPU ]!!!!!I'I
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Commandbuffer

CPU EDE GPU

cb.begin(&beginInfo)

cb.bindPipeline(vk: :PipelineBindPoint: :eGraphics, pipeline);

cb.bindDescriptorSets(vk: :PipelineBindPoint: :eGraphics,
layout, O, 1, graphicsDescriptorSet->GetPtr(),

cb.bindVertexBuffers(0, 1, vertexBuffers, offsets);



Commandbuffer

CPU EEIE GPU

cb.begin(&beginInfo)

cb.bindPipeline(vk: :PipelineBindPoint: :eGraphics, pipeline);

cb.bindDescriptorSets(vk: :PipelineBindPoint: :eGraphics,
layout, O, 1, graphicsDescriptorSet->GetPtr(),

cb.bindVertexBuffers(0, 1, vertexBuffers, offsets);

cb.draw(3, 1, 0, 0);



Commandbuffer

CPU EDE GPU

cb.begin(&beginInfo)

cb.bindPipeline(vk: :PipelineBindPoint: :eGraphics, pipeline);

cb.bindDescriptorSets(vk: :PipelineBindPoint: :eGraphics,
layout, O, 1, graphicsDescriptorSet->GetPtr(),

cb.bindVertexBuffers(0, 1, vertexBuffers, offsets);
cb.draw(3, 1, 0, 0);

cb.end();



Commandbuffer

CPU EEIE

cb.begin(&beginInfo)

cb.bindPipeline(vk: :PipelineBindPoint: :eGraphics, pipeline);

cb.bindDescriptorSets(vk: :PipelineBindPoint: :eGraphics,
layout, O, 1, graphicsDescriptorSet->GetPtr(),

cb.bindVertexBuffers(0, 1, vertexBuffers, offsets);
cb.draw(3, 1, 0, 0);

cb.end();

vkObject.graphicsQueue.submit (1, &submitInfo,

GPU

this->inFlightFence)
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Commandbuffer

cb.

cb.

cb.

cb.

cb.

cb.

CPU EEIE

begin(&beginInfo)

bindPipeline

bindDescriptorSets

bindVertexBuffers(0, 1,
vertexBuffersli,

draw(3, 1, 0, 0);

end () ;

cb.bindDescriptorSets

cb.bindVertexBuffers(0, 1,
vertexBuffers2,

cb.draw(6, 1, 0, 0);

vkObject.graphicsQueue.submit (1, &s

this->inFlightFence)

*vereinfacht dargestellt

GPU ]!!!!!I'I
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Synchronization

CPU EDE GPU

vk: :CommandBuffer A, B;
vk: :Semaphore S

OQ@ w

vk::submit(work: A, signal: S, wait: None)

vk::submit (work: B, signal: None, wait: S)



Synchronization

CPU EDE GPU

vk: :CommandBuffer A, B;
vk: :Semaphore S

@ w

vk::submit(work: A, signal: S, wait: None)

vk::submit (work: B, signal: None, wait: S)



Synchronization

vk
vk

vk

vk

CPU EEIE

: :CommandBuffer A, B;
: :Semaphore S

: :submit(work: A, signal: S, wait: None)

: :submit (work: B, signal: None, wait: S)

O@




Synchronization

vk
vk

vk

vk

CPU EEIE

: :CommandBuffer A, B;
: :Semaphore S

: :submit(work: A, signal: S, wait: None)

: :submit (work: B, signal: None, wait: S)

O@




Synchronization 2

CPU EEIE

vk: :CommandBuffer A;
vk::Fence F

vk: :submit (work: A, Fence: F)

vk: :waitForFence (F)

2%

®)
o

P

// save screenshot to disk

GPU ]!!!!!Il
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Finally




Was es sonst noch gibt...

® Textures
® Push-Constants

® Compute-Shader
. XX
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Weitere Infos

https://vulkan-tutorial.com/

https://www.vulkan.org/
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