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Vulkan

Vulkan K K
Vulkan
~
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Vulkan

WebGL

Qunity @ VALVE]
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A Vulkan

AKhronos
A (layerd tool) - Valve/LunarG
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Khronos Open source Yulkan
Khronos and Andm!d Generated conformance test suite
leveraging and merging hosted on GitHub
Vulkan tests with the Tests Mhionce idtlisitired
A;f;;:it?:g;:)o :‘::. Vulkan 'mple menters | vulkan Adopters Program.
DrawElements Quality I ConfOrmMance |je————p must pass Imalzzsenu:lon:‘ that pass
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framework AOSP/ dEQP - Vulkan trademark
Framework
and Tests
Community Enable developers to provide
Test direct feedback and
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Contributions | cross-vendor inconsistencies
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A

A

API,
- Vulkan OpenCL
- https://www.khronos.orqg/reqistry/spir

-vipapers/WhitePaper.pdf

- SPIR

Diverse Languages
and Frameworks

Tools for
analysis and SPI R
optimization ™

Hardware
runtimes on
multiple architectures

<Vul‘kanm

(IR)

Standard
Portable
Intermediate
Representation

“a

OpenCL
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SPIR-V

(V31) SIGGRAPH2015

SPIR-V

SPIR-V Validator

SPIR-V (Dis)Assembler

SPIR-V
A 32-bit Word Stream
A Extensible and easily parsed
A Retains data object and control
flow information for effective
code generation and translation

OpenCL c
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penGL.
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OpenGL

Direct State Access (DSA)
Flush Control
Robustness

%:"'»; - < aae DX11 emulation
| %, .‘ U, ) OpenGL ES 3.1
/ - %’&%O T o i O%’*';ja%‘ao \ compatibility
%"x%o: C')"""""“'"’ %ﬁ, T Bringing state-of-the-art OpenGL 4.5
0" functionality to cross-
Vo e O platform graphics OpenGL 4.4
OpenGL 4.3
OpenGL 4.2
OpenGL 4.1
OpenGL 3.3/4.0
OpenGL 3.2
OpenGL 3.1
OpenGL 2.0 OpenGL 2.1 OpenGL 3.0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
DirectX DirectX DirectX DirectX DirectX DirectX
9.0c 10.0 10.1 11 11.1 11.2
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SIGGRAPH 2015 13 OpenGL

A
- OpenGL  API
A (sparse texture)
A
: 64bit
: 64bit
A
A1
AOpenGL ES 3.2
- OpenGL OpenGL ES

penGL.
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OpenGL ES

32bit ASTC
NPOT 3D/depth

Epic’s Rivalry demo using full Unreal Engine 4
https://www.youtube.com/watch?v=jRr-G95GdaM

Driver Silicon Silicon Driver Silicon
2003 Update 2004 Update 2007 Update 2012 Update 2014 Update 2015 :
Ecn; ‘ L0 L1 20 3.0 Android L 3.1 (Arﬁ:ﬁd 3.2

e o~ Extension Pack)
o o ot coxT
e

* . ov e |'l
() Il:.':cw:\tﬂ g
@Gues

2015 OpenGL ES

Skl em PRl R ) MALE B
http://hwstats.unity3d.com/mobile/gpu.html
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Vulkan

A2014 6 8
- OpenGL

- 2014 SIGGRAPH
- gINext

A2015 3  GDC 2015 ”Vulkan”

A2015 6

- SDK
- Conformance test

A2015
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Vulkan

A
- OpenGL

- CPU

3D +

API
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Vulkan

A
_ GL
A
E A CPU
OE - Validation layer
2

(explicit control)
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AVulkan AMD
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Vulkan API
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Vulkan API

Alnstance:

AGPU device: GPU
AQueue:

A Command buffer:
AShader:
APipeline state:

AResource/GPU memory:

ARender pass:
ADrawing:

A Synchronization:
AResource state:
AWork:

A Presentation:

A Object destruction:

Callback

descriptor

Backup
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LunarGSDK

A Valve LunarG

Vulkan

- LunarG SDK
LunarXchange

http://lunarg.com/vulkan

Prototype Vulkan Debugger from Valve and LunarG
LunarG.com/Vulkan
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VulkanLoader
( )

ICD(Installable Client Driver)

Vulkan
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e.g.LunarGVulkanSDK

Layer

APIDump

API

API

DrawState

Image

MemTracker

GPU

ObjectTracker

Vulkan

ParamChecker

API

ShaderTracker

SPIR/

Threading

API
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VulkanLoader

Vulkan’s Common
Loader

Validation Layer >
Validation Layer

Validation Layer )
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Vulkan

Vulkan

Vulkan’s Common Loader

Validation Layers

GPU Installable Client

Debug Layers

Driver(IDC)

API
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SPIR

2) OpenCL C/C++, GLSL,

1) GPU,

Standard
Portable
Intermediate
Representation
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SPIR-V

AKhronos
- Khronos
- Khronos

- GLSL,OpenCL

AVulkan
- AP
- Vulkan
- GLSL/ESSL
- SPIRV

AOpenCL 2.1

- OpenCL1.2, 2.0, 2.1

API

WWaian.
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SPIR-V

Y
Other Intermediate
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Vulkan

AVulkan
AVulkan

CPU

1 OS OS
GPU

Khronos

K API

CAD,AAA+casual

SPIRV

CPU
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Vulkan

AVulkan
A

- GPU

(instance)
Vulkan

K GPU

VK_APPLICATION_INFO appinfo ={...};
VK_ALLOC_CALLBACKSllocChb
VK_INSTANCE instance;

vkCreatelnstance

(& applinfo

={... }

. & allocCb

, &instance);

code

Code

Pseudo
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Vulkan GPU

AVulkan

- o) Vulkan
- dVulkan

A GPUs

uint32_t gpuCount ;
VK_PHYSICAL_GPUgpus [10];

vkEnumerateGpus (instance, ARRAYSIZE(

AGPU

A GPU OK
- CPU GPU + GPU
- GPU
- AP GPU

gpus ), & gpuCount ,

GPU

gpus );
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Vulkan GPU

AGPU

AGPU

A

AGPU

VK_SOME_GPU_INFO_STRUCTURE info;
uint32_t infoSize = sizeof (info);

vkGetGpuinfo (gpu[0], VK_GPU _INFO WHATEVER, & infoSize

, &info);

GPU

VK_GPU_COMPATIBILITY_INFO compatinfo ;

vkGetMultiGpuCompatibility (gpuA, gpuB, & compatinfo );
or

or
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Vulkan

A1 GPU 1
VK_DEVICE _CREATE_INFO info={... };
VK_DEVICE device;

vkCreateDevice ( gpu, &info, &device);

AVK_DEVICE_CREATE_INFO

- (Validation)
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Vulkan

A
VK _QUEUE queue;
vk Get DeviceQueue (device, 0, 0, &queue);
A 2
. (Node ordinal)
- (Queue index)
A
- o) DMA
- 0
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Vulkan

AGPU

VK_CMD_BUFFER_CREATE_INFO info:
VK_CMD_BUFFERmdBuffer

vk Create CommandBuffer (device, &info, &

cmdBuffer );

(node ordinal) )

(
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Vulkan

A
VK_CMD_BUFFER_BEGIN_INFO info ={... };
vk Begin CommandBuffer ( cmdBuf, &info);
vkCmdDoThisThing ( cmdBuf, ...);
vkCmdDoSomeOtherThing ( cmdBuf, ...);
vk EndCommandBuffer ( cmdBuf);

A
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Vulkan

AVulkan (

VK_SHADER_CREATE_INFO info={... };

VK_SHADERshader ;

vk Create Shader (device, &info, &

- SPIRV S
- IR

shader );
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Vulkan

A
VK_GRAPHICS_PIPELINE_CREATE_INFO info={... };
VK_PIPELINE pipeline;
vkCreateGraphicsPipeline (device, &info, &pipeline);
A
- (mutable)
A

uint32_t dataSize = DATA _SIZE;
void* data = malloc (DATA_SIZE);

vk Store Pipeline (pipeline, & dataSize , data);

vk Load Pipeline  (device, dataSize , data, &pipeline)
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Vulkan (mutable)

A
A

VK_DYNAMIC_VP_STATE_CREATE_INF®pInfo
VK_DYNAMIC_VP_STATE_OBJECTpState

vkCreateDynamicViewportState

or

(device, & vplnfo

VK_DYNAMIC_DS_STATE_CREATE_INF@sInfo =

VK_DYNAMIC_DS_STATHIsState

vkCreateDynamicDepthStencilState

(device, &

{..

-}
, & vpState );
3
dsinfo , & dsState );
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Vulkan

A 1 CPU 1 GPU
ACPU vkCreate*

VK_IMAGE_CREATE_INFOimagelnfo ={... };
VK_IMAGE image;
vkCreatelmage (device, & imagelnfo , &image);

VK_BUFFER_CREATE_INFQoufferinfo ={.. }
VK_BUFFER buffer;
vkCreateBuffer  (device, & bufferinfo , &buffer);

AGPU
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Vulkan GPU

A

VK_IMAGE_MEMORY_REQUIREMENESS ;
size t reqsSize = sizeof (reqs);

vkGetObjectinfo (image,

VK_INFO_TYPE_IMAGE_MEMORY_REQUIREMENTS,
&reqsSize , & reqs );

A GPU

VK_MEMORY_ALLOC INF@eminfo ={...}
VK_GPU_MEMORY mem;
vkAllocMemory (device, & meminfo , &mem);

A GPU

vkBindObjectMemory (image, 0, mem, 0);
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Vulkan

AVulkan (
A (sets)
A (Sets) (pools)
A (layout)
A
A
vkCreateDescriptorPool (...);

vkCreateDescriptorSetLayoutChain
vkCreateDescriptorSetLayout
vkAllocDescriptorSets (...);

(--);

(--);

WG

(chain)
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Vulkan

A
A

(logical phases)

VK_RENDER_PASS CREATE INFOinfo={... };
VK_RENDER_PASSenderPass ;

vkCreateRenderPass

(layout)

(device, &info, &

renderPass );
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Vulkan (Drawing)

A
A Draw
VK_RENDER_PASS BEGINegininfo ={ renderPass |, ...};
vkCmdBeginRenderPass (cmdBuffer , & begininfo );
vkCmdBindPipeline  (cmdBuffer , VK PIPELINE_BIND_ POINT_GRAPHICS, pipeline);
vkCmdBindDescriptorSets ( cmdBuffer , ...);
vkCmdDraw( cmdBuffer , 0, 100, 1, 0);
L vkCmdEndRenderPass ( cmdBuffer , renderPass );
O: &
ZL’)
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Vulkan (Synchronization)

A
VK_EVENT_CREATE _INFOinfo={... };
VK_EVENT event;
vkCreateEvent (device, &info, &event);
A

vkSetEvent (...);

vkResetEvent (...);

vkGetEventStatus  (...);
= vkCmdSetEvent (...);
vkCmdResetEvent (...);
vkCmdWaitEvents (...);
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KHROS
T>
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Vulkan

A

A

A
VK_IMAGE_MEMORY_BARRIER1ageBarrier ={..}h
VK_PIPELINE_BARRIER barrier={..., 1, & imageBarrier h
vkCmdPipelineBarrier ( cmdBuffer , &batrrier);

A

3 (Validation layer)
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Vulkan Queue

A (Work) (Queue)
A
VK_CMD_BUFFERcommandBuffers [] ={ cmdBuffer
vkQueueSubmit (queue, 1, commandBuffers , fence);
A
vkQueueAddMemReference (queue, mem);
vkQueueRemoveMemReference (queue, mem);
A

vkQueueSignalSemaphore (queue, semaphore);
vkQueueWaitSemaphore (queue, semaphore);

%
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Vulkan

A (Presentation)

A

WSI(Window System Interface)
A (-2?) WSsI

AWSI

- VS nc

(Compositor)
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Vulkan

A
A
A
vkDestroyObject
A
vkDestroyDevice

vkDestroylnstance

(object);

(device);
(instance);
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Vulkan AZDO(Approaching Zero Driver Overhead)?

AVulkan PDCTZO (Pretty Darn Close to Zero Overhead:
ZERO)
d

- 0API
A

: 0
A

: o)

ASparse
A MultiDrawiIndirect

AShader Draw Parameters
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const

(Vu ikan.
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SPIR-V:

A
- 32bit
A CFG(control-flow graph)
A
A SSA(Single Static-Assignment)
A
- e.g. or
A
A
ASPIR-V
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for (...) {

if (...)

else

GROUP

KHRCONOS

l

Loop

Header

%

Selection
Header

:

Path 1 —

Y

Path 2

*_1

Merge

Selection

———

v

Block

Continue

Loop

Nested

Selection

Merge

Nested
Loop

19:

: Label

LoopMerge 12 NoControl
BranchConditional 1819 12

Label

22:

23:

28:

24

12

SelectionMerge 24 NoControl
BranchConditional 22 23 28

Label

Branch 24
Label

Branch 24
Label

Branch 11

: Label
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struct  {
mat3x4;
vec4[6];
int ;

12

15
3-member struct

3-column

matrix

13 '
6-element

array

"

N 7

4-component
vector

10

|

32-bit float

14

/T\

32-bit
signed int

10:
11:
12:
13:
14:
15:

OpTypeFloat 32
OpTypeVector 10 4
OpTypeMatrix 11 3
OpTypeArray 11 6
OpTypeint 321
OpTypeStruct 121314

© Copyright Khronos Group 2015 - Page 62



