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e Features:

e Unified APl: a single APl for both desktop and mobile graphics
devices

e Cross platform: Android, Linux, BSD Unix, QNX, Haiku, [24]
Nintendo Switch, Raspberry Pi, Stadia, Fuchsia, Tizen, and
Windows 7, 8, 10, and 11.

e Multi—threading friendly design: Direct3D 11 and OpenGL 4 were
initially designed for use with single—core CPUs

* Lower overhead
* More direct control over the GPU
e Lower CPU usage
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e The history of GPU APl (Graphics/Compute)

Vulkanf& 91 18

DirectX OpenGL ES CUDA Metal
O Windows 95 O A subset of O Nvidia. O Apple Inc.
O Stop supporting OpenGL O Compute only O Graphics&Compute
OpenGL O C/C++ O C++/Objective C
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OpenGL DirectX OpenGL OpenCL Vulkan
O Khronos Group O Direct3D 9 O OpenGL 2.0 O Apple Inc. O AMD
O Fixed Functions O High-Level O OpenGL Shading O Khronos Group O Khronos Group
Pipeline Shading Language(GLSL) O Compute only O Graphics&Compute
O Writtenin C Language(HLSL) O C/C++ O Low-level
O Writtenin C
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CUDA Vulkan

// CUDA Kernel
__global _void VecAdd(float* A, float* B, float* C)

( e
int i =threadldx.x + blockldx.x* blockDim.x; = XE / 'g
C[i] = A[i] + BIi[;
}
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Application » Memory Heap
VKInstance VKInstance VkBuffer
VKkPhysicalDevice || VkPhysicalDevice || VkPhysicalDevice VIITERE
VkDevice
|
VkQueue
- VkPipeline ——
g *;;i k VkCommandBuffer : Graphics pipeline
SIHIE VkCommandBuffer Barriers
Ol O||+
VkCommandBuffer Dispatch
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 Overview on developing a Vulkan application

 Create an instance, pick a physical device, create a logical device, and pick a
queue.

 Allocate memory and buffers for the application.

» Write the code for the compute shader on GLSL and compile it to SPIR-V.
 Create descriptor sets and compute pipelines

 Create command buffer, record commands to It.

« Dispatch the command buffer.

 Evaluate the results.

Bodurri KLAJDI. Comparative performance analysis of Vulkan and CUDA programming model implementations for GPUs, 2019.
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» Create an instance, pick a physical device, create a logical device,
and pick a queue

Physical Logical
Application Instance Device Device Queue
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 Allocate memory and buffers for the application.

Buffer

CPU

Copy .
« Local Device

GPU
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 Write the code for the compute shader on GLSL and compile it to
SPIR-V. B

ayout{std438, binding = 8) buffer
tloat A[ ];

layout{stda3e, binding = 1) buff
float B[ 1;

layout{stda3e, binding = 2) buff
float C[ 1;

ayout (push_constant) uniform PushConsts {
iint count;
- pushConsts;
out (local size x = 128) in;
oid main()
uvec3 id = gl GlobalInvocationID;
int index = id.x;
if (index »>= pushConsts.count)

return;

Clindex] = A[index] + B[index];
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 Write the code for the compute shader on GLSL and compile it to
SPIR-V. C

VulkanZg B — 3

C++ [ Circle
lVUh(an'I@' @ —>»| IREE Metal
Wakan. Go=GL. MLIR Shading
Language
GLSL glslang
SPIRV-Cross HLSL
P OpenCL
3 =
OpenCL HLSL DXC Sl GLSL
OpenCL C g Wilikan. Vaianes
C++ for OpenCL Clang ey @R
OpenCLon12
@ SPIR-V Tools .,,‘f Mesa SPIR-V » DXIL -»ﬁ
(Dis)Assembler to DXIL
SPIR-V LLVM Validator
SYCL Intel DPC++ “> IR Translator 0"“'2?;’::'“‘”
Red
GvreL sye — O?)en?)L"
& :‘:::f;gp LLVM ontine [ OpenCL C e DU
Compilation
Khronos Open Source
C++ for OpenCL 34 Pacty Open Sodrcs
SPIR-V enables a rich ecosystem of languages and compilers to eloaxt c::ﬁf?wncl) I—
target low-level APIs such as Vulkan and OpenCL, including | — bL—— — Sone? Voer

deployment flexibility: e.g., running OpenCL kernels on Vulkan

https://www.khronos.org/spir/
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* Create descriptor sets and compute pipelines

Draw < Indirect Buffer > Dispatch
L 2
Input Assembler index Buffer
v il
Vertex Shader b ) Vertex Buffer
A4 e q
Tessellation Control Shader | : Descriptor Sets I
¥ !
- B - : Push Constants *
Tessellation Primitive Generator - I
2 1 Uniform Buffer :
Tessellation Evaluation Shader |¢ : Uniform Texel Buffers ! >
I : > Compute Shader
¢ 3 - Sampled Images -
A 4 i I
Geometry Shader € -4 Storage Buffers ) |
< L Storage Texel Buffers ;: Some Vulkan commands specify geometric objects
5 : : to be drawn or computational work to be performed,
_ 2 > Storage Images A EEEEE— while others specify state controlling how objects
Eertex Posi Processul : ____________________ ! are handled by the various pipeline stages, or control
< data transfer between memory organized as images
Rasterization and buffers. Commands are effectively sent through
i 2 —= a processing pipeline, either a graphics pipeline or a
Early Per-Fragment Tests [« »  Depth/Stencil Attachments compute pipeline.
> € [_IFixed Function Stage
Fragment Shader Dl g - Input Attachments
¥ [Ishader Stage
Late Post-Fragment Tests  [€ [ storage Images
L 2
Blending < > Color Attachments

https://www.khronos.org/files/vulkan11-reference-guide.pdf
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* Create descriptor sets and compute pipelines

Vulkan Compute Application

GPU
Compute
Unit
Memory
Allocation
Bind To Handle To

https://www.lei.chat/posts/what-is-vulkan-
compute/

GPU Handles

VkBuffer #0

VkBuffer #x

VkPipeline
VkPipelineLayout

VkDescriptorSetLayout

VkDescriptorSet #0

Binding #0

// Pipeline creation
vkCreateDescriptorSetLayout()
vkCreatePipelineLayout()
vkCreateShaderModule()
vkCreateComputePipelines()

// Buffer creation
vkAllocateMemory()
vkCreateBuffer()
vkBindBufferMemory2()

// Descriptor creation
vkAllocateDescriptorSets()
vkUpdateDescriptorSets()

Binding #1

HM
Binding #N

// Command creation

vkBeginCommandBuffer()
vkCmdBindPipeline()
vkCmdBindDescriptorSets()
vkCmdDispatch()

vkEndCommandBuffer()

// Workload submission
vkQueueSubmit()

// Wait for completion
vkWaitForFences()

|3

IoUAS

Compute Pipeline

SPIR-V Code

Compute Shader
entry point: “main”
Pipeline Layout

Set Layout #0

Binding #0 iz

Binding #1

Binding #N
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e Create command buffer, record commands to It.

Command
Buffer

Command

Command Buffer

Pool

Command

vkCreateCommandPool Buffer

vkAllocateCommandBuffers

kBeginCommandBuffer

kUpdateDescriptorSets
kCmd!
kCmd!
kCmd
kCmd!
kCmd!

BindDescriptorSets
BindPipeline
PushConstants
Dispatch
PipelineBarrier

< < < < < < S <

kEndCommandBuffer
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* Dispatch the command buffer.

Command vkSubmitQueue
g ueue
Buffer
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« STEZFESN
» examples/Vulkan/Tutorials/App VulkanNative
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* CatalyzeriZ3BZRH[E VkSystem
Application > Memory Heap VkVariable
4 l VkDeviceBuffer
VKklInstance VKklInstance
VkBuffer VKkUniform
VkPhysicalDevice || VkPhysicalDevice || VkPhysicalDevice Vklmage VikConstant
VkDevice
X
VkQueue
1% :
-'QC_), | _ VkDeSCHptorSet Compute pipeline
o) —
- . VKPipeline SN
§ 2 %_ & VkCommandBuffer . Graphics pipeline
S(| |l S VkCommandBuffer Barriers
OO+ ;
VkCommandBuffer Dispatch VkPro gram
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eKerne | ERELEN : global

CUDA

—>

{

__global__void VecAdd(float* A, float* B, float* C)

int i =threadldx.x + blockldx.x* blockDim.x;
Cli] = Ali] + B[i];

VecAdd<<<dim, block>>>(A, B, C);

IScAS

VkProgram

Vulkan

auto kernel = std::make_shared<VkProgram> (
BUFFER (float), //Array A
BUFFER (f loat), //Array B
BUFFER (f loat) , //Array G

CONSTANT (uint)) ;
kernel—>load (getAssetPath () +
"shaders/glsl|/tutorials/VecAdd. comp. spv") ;

VkConstant<uint> N(num) ;
kernel—>f lush (
vkDispatchSize (num, 128),
dA. handle (),
dB. handle (),
dC. handle (),
&N) ;
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e VkProgramfiz&%1)3%

* VkConstant e CONSTANT

* VkUniform e UNIFORM

 VkDeviceArray * BUFFER

* VkDeviceArray2D * BUFFER2D
: * BUFFER3D

* VkDeviceArray3D

 Arraylist o ?

GPUZ#E £ 1B 25 VkProgram S 3R E X
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« RIRA== « X171\ single shader
1. £

kernel("UpdateVelocity™)->fLlush(
atchSize(mCenter.size()
&mvelocity,
&mAngularvelocity,
&mForceExt,
&mTorquekxt,
&mGravity, mPressure,
&mMassInv, mDensity,
&mInertiaworldInv,
&mBodyType, &mArrayInfo,
&mSolversState, &constDt);
&mTotalNum); - kernel ("Updatevelocity")->end();

kernel(“Updatevelocity")->update( )
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e VkMultiProgram

R

("ElasticitySolver”) ;

3. Dispatch
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App_VulkanNative App_Catalyzer
RIEFERT10/ NI FEFERT 1357 5
Applicaiton: 7 hours Applicaiton: 6 min
Shader: 5 min Shader: 5 min

Debug: 3 hours Debug: 2 min
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» Core // R L5 44, GPUTC >k
e Backend: //GPUfgim

e Vulkan
 Cuda
e Framework //5|ZEfEZE GPUTC <

e Dynamics: //{FEERBF
* Topology: //¥hFIM&E¥IEE, GPUFHX
e Rendering //iBIR B E

e Engine //iBZ5|EE

e GUI
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e CudaGVulkanitERiRfEO % —

GPU Backend

o Z&{5l: Array

CUDA Backend

Vulkan Backend

Intermediate

Array<T, DeviceType>

LS

HGTE

Field

FArray<T, DeviceType>
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VkRenderEngine
! (Vulkan) \
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« BENMLEH): float pad0iEFT4FET
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ruct ContactPair

Vec3t pose;
Vec3f posi;

Vec3tT normal®;
Vec3f normall;

int 1de;
int 1d1;

ConstraintType cType;
float pade;
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struct ContactPair

-t ContactPair

1||' "I-f |'-'| //1 6?%%#% - _' I,:"::S.B

fecal posy; = o o~ T | 2
Vec3f posl; /1 6F IR ecd posl;
Vec3f normal0: //16§§jfiﬁ§? recd normal@;
Vec3f normall: //6FTIXS 5T recd normall;
int id0: //AFT int 1de;

int idl; //4AFT int 1dl;
EmntactTT e clype: / /4=y :ji?_c:??e;

fl distance; /472235 | rat distance;

Host
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5

1000

mCUDA = Vulkan(ours)

43.86

10000 100000 1000000 10000000

i =
10° 10* 10> 10° 107
ik/
CUDA 0.58 1.3 1.34 7 43.86
Vulkan 2.06 224 248 418 1464

BT
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Inclusive scan

140
120
100
80
60
40

m CUDA w=Vulkan(ours)

126.58

14.72

148 214 158 216 2.68 2.44

1000 10000 100000

1000000

10000000

10* 105 10° 107
CUDA 148 158 268 1472 126.58
Vulkan 214 216 244 394 12.08

BAE 9 50K IR T8 F291H; HAL: ms
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e Catalyzer Sthrust$getbds: SUAHEF

m CUDA ®mVulkan(ours)

160

140.28 o
140 e 102 10°  10* 105 10° 107
120
100 sd 01 05 54 6524 °0% 5047

80
60
40
20

CUDA 2.9 3 13.9 14.22 29 140.3

Vukan 044 1120 3.840 7.98 1412 59.44

100 1000 10000 100000 1000000 10000000

Bl i 750K I 1) ~F354E; #fZ: ms
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@ File & Edit | B Help | .. Particle System ™ Rendering

New Open Save SaveAs Close

Camera Lighting Auxiliary Node Editor

SquareEmitter ParticleFluid

Rendered by Native OpenGL: 62.1 FPS

800 > Property Editor

@ X

Log Console

Status Bar

examples/Vulkan/SPH/Qt_ParticleFluid
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@ File '@ Edit | B Help || ™ Rendering
Y MLE Y X X
M B
< AR R
New Open Save SaveAs Close CloseAll

Camera Lighting  Auxiliary Node Editor

i :62.4 FP 3
Rendered by Native OpenGL: 62 S Property Editor

¢

Logﬂ Console

Status Bar

ARz 71 %

[d PeriDyno Studio 0.8.2: An Al-targeted physical simulation platform
ﬁ File | Edit | B Help ™ Rendering

; -y X X
“ilS = K
New Open Save SaveAs Close CloseAll

Camera Lighting  Auxiliary

Status Bar

BT
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Further Reading

e https://vulkan—tutorial. com/
e https://vkeguide. dev/
e https://github. com/SaschaWil lems/Vulkan
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