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Top Three Reasons that Prompted the Development of Vulkan 3

1. Performance
2. Performance

3. Performance

Vulkan is better at keeping the GPU busy than OpenGL is. OpenGL drivers need
to do a lot of CPU work before handing work off to the GPU. Vulkan lets you get
more power from the GPU card you already have.

This is especially important if you can hide the complexity of Vulkan from your
customer base and just let them see the improved performance. Thus, Vulkan
has had a lot of support and interest from game engine developers, 3™ party
software vendors, etc.

As an aside, the Vulkan development effort was originally called “giNext”, which created the
false impression that this was a replacement for OpenGL. It's not.
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OpenGL 4.2 Pipeline Flowchart 4

‘OpenGL 4.2 Pipeline Overview
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Who is the Khronos Group?

The Khronos Group, Inc. is a non-profit member-funded industry
consortium, focused on the creation of open standard, royalty-free
application programming interfaces (APIs) for authoring and accelerated
playback of dynamic media on a wide variety of platforms and devices.
Khronos members may contribute to the development of Khronos API
specifications, vote at various stages before public deployment, and
accelerate delivery of their platforms and applications through early
access to specification drafts and conformance tests.

C{ JLLADA. DataFormat EGL. NNEF

R—]

ASIA 27

219
BRISBANE

oo penVX - el

mjb - September 11, 2019

Playing “Where’s Waldo” with Khronos Membership

PROMOTER MEMBERS

HuAwel Imagination

Over 140 members worldwide <

nvibia. Quaccoww SAMSUNG SONY @Silicon

Any company is welcome to join

oordinate CORE pAssauLT Esperanto o f
P coordinate 4 s e DAL CATA%E.!LT DisplayLink |:|rru=l° 5 %TRI Zitr

dm;u. HITACH! hTcCc v“‘ igalia ikea communications A ey [MPerial College gy pmamnzanue

B2 vicrosore [B]en 4, pme @ NEC st NOKIA NM

otoy

STARVR

KHRONOS ampn @ arm B cooge 2 O D

© oculus @ owm PEAKHILLS ®Pico PIXAR pluto (Hme, »rnz=

ﬁ KALRAY AKDAB
Knu @LG Linaro logitech LuNA% O‘L’;gg‘c matrox MAXON =mercury GMenior

‘ Renesas Aodawel N & U 2 @JL,L‘ &d EASPREADTRUN @ = STREAM

Synoesys  TAkumi ¥ Hitne Wee, . @ thinc EmEscen tobii umbrn Kunity 1 ETTIA
B snst & wowonio W) Wiy UX3DD varam (e @mwore (9) £ XILINX. ZERI5- O #space

ASIA 2219
BRISBANE

mjb - September 11, 2019

9/11/2019



9/11/2019

Who'’s Been Specifically Working on Vulkan? 7
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Vulkan Differences from OpenGL 8

» More low-level information must be provided (by you!) in the application,
rather than the driver

» Screen coordinate system is Y-down

* No “current state”, at least not one maintained by the driver

« All of the things that we have talked about being d@pmated in

OpenGL are really deprecated in Vulkan: built-in pipeline
transformations, begin-end, fixed-function, etc.

* You must manage your own transformations.
» All transformation, color, texture functionality must be done in shaders.

» Shaders are pre-"half-compiled” outside of your application. The
compilation process is then finished during the pipeline-building process.
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WC = World Vertex Coordinates
EC = Eye Vertex Coordinates

The Basic Computer Graphics Pipeline, Shader-style 9
gl_Vertex, gl_ModelViewMatrix,
gl_Normal, gl_ProjectionMatrix,
gl_Color Per-vertex in variables gl_ModelViewProjectionMatrix Uniform Variables
MC WC EC EC gl_Position,
Model > View > Per-vertex > Projection Per-vertex:out variables
Transform Transform Lighting Transform
Vertex Shader
y
Rasterization |
Fragment Shader
Fragment v
Processing - . :
gl_FragColor ! Per-fragment in variables
Framebuffer Texturing, g
Per-fragment
Lighting [¢&== Uniform Variables
MC = Model Vertex Coordinates

. =919

Per-vertex in variables

l

The Basic Computer Graphics Pipeline, Vulkan-style

Uniform Variables

l

Vertex Shader

gl_Position,
Per-vertex out variables

y

Framebuffer

Output color(s)

Rasterization |

Fragment Shader

7 Asiazae
BRISBANE

A 4

Per-fragment in variables

[&== Uniform Variables
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Vulkan Shaders "

* GLSL is the same as before ... almost
* For places it's not, an implied
#define VULKAN 100
is automatically supplied by the compiler

* You pre-compile your shaders with an external compiler

* Your shaders get turned into an intermediate form known as SPIR-V (Standard
Portable Intermediate Representation for Vulkan)

« SPIR-V gets turned into fully-compiled code at runtime

* The SPIR-V spec has been public for months —new shader languages are surely
being developed

* OpenCL and OpenGL have adopted SPIR-V as well

External Compiler in ifi
GLSLSource ——| 6L | SPIRV — |  griver Vendor-specific
Compiler i code
Develop Time Run Time
75 Asiazom
BRISBANE mijb — September 11, 2019
Moving part of the driver into the application 12

G Wuaikan.

Complex drivers lead to Simpler drivers for low-

driver overhead and Application Application overhead efficiency and
cross vendor e responsible for cross vendor portability
unpredictability memory
£ G Traditional allocation and Layered architecture so
rrorlmanagetrpen 1s . grap_hlcs thread validation and debug
always active drl\{er§ !nclude management to layers can be unloaded
significant generate when not needed
text
Driver processes full con :: d ’eTriTory command buffers
shading language source management Direct GPU Run-time only has to
Control ingest SPIR-V
intermediate language
Separate APIs for
desktop and mobile GPU GPU e .
markets Unified API for mobile,
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desktop, console and
embedded platforms
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Vulkan Highlights: Command Buffers

* Graphics commands are sent to command buffers

* Think OpenCL...

* E.g., vkCmdDoSomething( cmdBuffer, ... );

* You can have as many simultaneous Command Buffers as you want

» Buffers are flushed to Queues when the application wants them to be
flushed

* Each command buffer can be filled from a different thread

[ceuthread | [ [ I ] P cmdbuffer]
[cputhread | [ cmd buffer |
[cPuthread | | cmd buffer |
[ceuthread | [ ]I | cmd buffer |
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Vulkan Highlights: Pipelines

color, transformations, textures, shaders, etc.

» Changing the state on-the-fly one item at-a-time is very expensive
(PSO) and then invoke the entire PSO whenever you want to use that state
combination

» Think of the pipeline state as being immutable.

» Potentially, you could have thousands of these pre-prepared state objects
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» In OpenGL, your “pipeline state” is whatever your current graphics attributes are:

» Vulkan forces you to set all your state variables at once into a “pipeline state object”
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Vulkan Quick Reference Card — | Recommend you Get This! 15
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Vulkan Highlights: Overall Block Diagram

Application

Physical Physical Physical
Device Device Device

/N / \

Logical Logical Logical Logical Logical
Device Device Device Device Device

| |
i Command Buffer
i Command Buffer

i Command Buffer

Queue
Queue
Queue

ASIA 22219
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Vulkan Highlights: a More Typical Block Diagram 17
Application
Instance |
Physical
Device
Logical
Device
3
G
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Steps in Creating Graphics using Vulkan

Create the Vulkan Instance

Setup the Debug Callbacks

Create the Surface

List the Physical Devices

Pick the right Physical Device
Create the Logical Device

Create the Uniform Variable Buffers
Create the Vertex Data Buffers
Create the texture sampler

10. Create the texture images

11. Create the Swap Chain

12. Create the Depth and Stencil Images
13. Create the RenderPass

14. Create the Framebuffer(s)

15. Create the Descriptor Set Pool

16. Create the Command Buffer Pool
17. Create the Command Buffer(s)

18. Read the shaders

19. Create the Descriptor Set Layouts
20. Create and populate the Descriptor Sets
21. Create the Graphics Pipeline(s)

22. Update-Render-Update-Render- ...

©CoeNOOk®ON~
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The Vulkan Sample Code Included with These Notes
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Sample Program Keyboard Inputs 21

NI Toggle using a vertex buffer only vs. an index buffer
'L Toggle lighting off and on

'm', 'M": Toggle display mode (textures vs. colors, for now)
'p', 'P":  Pause the animation

'q,'Q"  quit the program

Esc: quit the program

'r','R":  Toggle rotation-animation and using the mouse
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Caveats on the Sample Code, | 22

1. I've written everything out in appalling longhand.

2. Everything is in one .cpp file (except the geometry data). It really should
be broken up, but this way you can find everything easily.

3. Attimes, | could have hidden complexity, but | didn’t. At all stages, |
have tried to err on the side of showing you everything, so that nothing
happens in a way that’s kept a secret from you.

4. I've setup Vulkan structs every time they are used, even though, in many
cases, they could have been setup once and then re-used each time.

5. Attimes, I've setup things that didn’t need to be setup just to show you
what could go there.

7 AsiAzae
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Caveats on the Sample Code, Il

8. Even though it is not good software style, | have put persistent
information in global variables, rather than a separate data structure

23

6. There are good uses for C++ classes and methods here to hide some
complexity, but I've not done that.

7. I've typedef’ed a couple things to make the Vulkan phraseology more
consistent.

9. Attimes, | have copied lines from vulkan.h into the code as comments to
show you what certain options could be.

10.I've divided functionality up into the pieces that make sense to me. Many
other divisions are possible. Feel free to invent your own.

mjb - September 11, 2019
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Main Program

int

main( int argc, char * argv[ ] )

Width =800;
Height = 600;

errno_t err = fopen_s( &FpDebug, DEBUGFILE, "w" );
if(err!=0)
{

fprintf( stderr, "Cannot open debug print file '%s"\n", DEBUGFILE );
FpDebug = stderr;

}
fprintf(FpDebug, "FpDebug: Width = %d ; Height = %d\n", Width, Height);

Reset();
InitGraphics( );

/I'loop until the user closes the window:
while( glfwWindowShouldClose( MainWindow ) ==0)

glfwPollEvents( );

Time = glfwGetTime( ); // elapsed time, in double-precision seconds
UpdateScene( );

RenderScene( );

}
fprintf(FpDebug, "Closing the GLFW window\n");

vkQueueWaitldle( Queue );
vkDeviceWaitldle( LogicalDevice );
DestroyAllVulkan( );
glfwDestroyWindow( MainWindow );
glfwTerminate( );

return O;

24

mjb - September 11, 2019
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InitGraphics( ), | 25

void
InitGraphics( )

HERE_I_AM( "InitGraphics" );

VkResult result = VK_SUCCESS;

Init01Instance( );

INitGLFW( );

Init02CreateDebugCallbacks( );
Init03PhysicalDeviceAndGetQueueFamilyProperties( );
Init04LogicalDeviceAndQueue( );

Init05UniformBuffer( sizeof(Matrices), &MyMatrixUniformBuffer );
Fillo5DataBuffer( MyMatrixUniformBuffer,  (void *) &Matrices );

Init05UniformBuffer( sizeof(Light), ~ &MyLightUniformBuffer );
Fillo5DataBuffer( MyLightUniformBuffer, (void *) &Light );

Init0O5MyVertexDataBuffer( sizeof(VertexData), &MyVertexDataBuffer );
Fillo5DataBuffer( MyVertexDataBuffer, (void *) VertexData );

Init06CommandPool( );

- Inito6CommandBuffers( );
/- ASIA2
. o - September 11, 2019

InitGraphics( ), Il 26

Init07 TextureSampler( &MyPuppyTexture.texSampler );
Init07 TextureBufferAndFillFromBmpFile("puppy.bmp”, &MyPuppyTexture);

Init08Swapchain( );
Init09DepthStencillmage( );
Init10RenderPasses( );
Init11Framebuffers( );

Init12SpirvShader( "sample-vert.spv", &ShaderModuleVertex );
Init12SpirvShader( "sample-frag.spv", &ShaderModuleFragment );

Init13DescriptorSetPool( );
Init13DescriptorSetLayouts();
Init13DescriptorSets( );

Init14GraphicsVertexFragmentPipeline( ShaderModuleVertex, ShaderModuleFragment,
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST, &GraphicsPipeline );
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A Colored Cube
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static GLfloat CubeColors[ ][3] =

Dm0 000
Badrad-ad-adad-od-cd- o

27

g
static GLuint CubeTrianglelndices] ][3] =
{
static GLfloat CubeVertices[ ][3] = {0,2,3}
{ {0,3,1}
(1,1, 1), {4,5,7)}
{1.-1.,-1.}, {4,7,6}
{1, 1,1}, {1,3,7}
{1, 1.1}, {1,7,5},
{1,-1, 1.}, {0,4,6},
{11, 1.} {0,6,2}
{1, 1, 1.} {2,6,7}
{1, 1,1} {2,7,3}
i {0,1,5}
{0,5,4}
b
" ASIAZZ9
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A Colored Cube 28
2
struct vertex o
glm::vec3 position; 6
glm::vec3 normal; N
glm::vec3 color;
glm::vec2 texCoord;

b
struct vertex VertexData[ ] =

Il triangle 0-2-3:
Il vertex #0:

{-1., -
{0,
{0, 0.
{1,0.}

Il vertex #3:

» 1,1}
, 0,1
, 1.

=]

{1
{o.
{1
{0,1.}

ASIA 2219
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The Vertex Data is in a Separate File 29

#include “SampleVertexData.cpp”

struct vertex

{
glm::vec3 position;
glm::vec3 normal;
glm::vec3 color;
glm::vec2 texCoord;
b

struct vertex VertexData[ ] =

Il triangle 0-2-3:

Il vertex #0:
{
{1.,-1,-1.}
{0,0,-1.}
{0,0,0.}
{1,0.}
h
Il vertex #2:
{
{1, 1,-1.},
{0,0,-1.}
{0,1,0.}
{1,1.}
/- AslA2a19
> BRISBANE . mjb — September 11, 2019
What if you don’t need all of this information? 30
struct vertex
{
glm::vec3 position;
glm::vec3 normal;
glm::vec3 color;
glm::vec2 texCoord;
b

For example, what if you are not doing texturing in this application?
Should you re-do this struct and leave the texCoord element out?

As best as | can tell, the only penalties for leaving in vertex attributes
that you aren’t going to use is memory space and possibly some
inefficient uses of the cache, but not gross performance. So, |
recommend keeping this struct intact, and, if you don’t need texturing,
simply don’t use the texCoord values in your vertex shader.

PN N
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Vulkan Software Philosophy 3

1. There are lots of typedefs that define C/C++ structs and enums

2. Vulkan takes a non-C++ object-oriented approach in that those typedef’ed structs pass all the necessary
information into a function. For example, where we might normally say in C++:

result = LogicalDevice->vkGetDeviceQueue ( queueFamilylndex, queuelndex, OUT &Queue );
we would actually say in C:

result = vkGetDeviceQueue ( LogicalDevice, queueFamilylndex, queuelndex, OUT &Queue );

* ASIA29
BRISBANE

mjb - September 11, 2019

Vulkan Code has a Distinct “Style” of Setting Information in structs 32
and then Passing that Information as a pointer-to-the-struct

VkBufferCreatelnfo
vbci.sType = VK_STRU
vbci.pNext = nullptr;
vbci.flags = 0;
vbci.size = << buffer size in bytes >>
vbci.usage = VK_USAGE_UNIFORM_B
vbci.sharingMode = VK_SHARING_MODE_EXCLUSIVE;
vbci.queueFamilylndexCount = 0;
vbci.pQueueFamilylndices = nullptr;

TYPE_BUFFER_CREATE_INFO;

VK_RESULT result = vkCreateBuffer ( LogicalDevice, IN &vbci, PALLOCATOR, OUT &Buffer);

VkMemoryRequirements @

result = vkGetBufferMemory!

Jequirements( LogicalDevice, Buffer, OUT &vmr );  //fills vmr

VkMemoryAllocatelnfo
vmai.sType = VK_STR
vmai.pNext = nullptr;
vmai.flags = 0;
vmai.allocationSize = vmr.size;
vmai.memoryTypelndex = 0;

URE X.YPE_MEMORY_ALLOCATE_INFO;

result = vkAllocateMemory( LogicalDevice, IN &mai, PALLOCATOR, &MatrixBufferMemoryHandle );

result = vkBindBufferMemory( LogicalDevice, Buffer, MatrixBufferMemoryHandle, 0 );

/!
A BRISBANE

mjb - September 11, 2019
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Vulkan Conventions 33

VkXxx is a typedef, probably a struct
vkXxx( ) is a function call

VK_XXXis a constant

My Conventions

“Init” in a function call name means that something is being setup that only needs to be
setup once

The number after “Init” gives you the ordering

In the source code, after main( ) comes InitGraphics( ), then all of the InitxxYYY( ')
functions in numerical order. After that comes the helper functions

“Find” in a function call name means that something is being looked for
“Fill” in a function call name means that some data is being supplied to Vulkan

“IN” and “OUT” ahead of function call arguments are just there to let you know how an
argument is going to be used by the function. Otherwise, IN and OUT have no

B significance. They are each actually #define’d to nothing.
kl- ® ASIA2719
2 BRISBANE mjb — September 11, 2019

Querying the Number of Something and 34

Allocating Enough Structures to Hold Them All

uint32_t count;
result = vkEnumeratePhysicalDevices( Instance, OUT &count, OUT (VkPhysicalDevice *)nullptr );

VkPhysicalDevice * physicalDevices = new VkPhysicalDevice[ count |;
result = vkEnumeratePhysicalDevices( Instance, OUT &count, OUT &physicalDevices[0] );

This way of querying information is a recurring OpenCL and Vulkan pattern (get used to it):

How many total Where to
there are put them
result = vkEnumeratePhysicalDevices( Instance, &count, nullptr );
result = vkEnumeratePhysicalDevices( Instance, &count, &physicalDevices|[0] );

" ASIAZZ9
BRISBANE

mjb - September 11, 2019
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Linux shader compiler\

Windows shader compiler/

Double-click here to

launch Visual Studio 2019

with this solution

Your Sample2019.zip File Contains This

hare

—_— 8 samplesin

Bl Samplevcxprol

View

Name

vs
Debug
glm
gIm.0925
glm-0.9.9-a2
| ERRORS.pptx
[@] frag.spv
gifw3h
A8 gifwa.lib

|| gislangValidator
[+ glstangValidator.exs

TlangUatidator.help

[] Makefile
& puppy.bmp
5] puppyjpg
8] puppy0.bmp
5] puppy0ipg
*+ sample.cpp

] Samplevexprojfilters
&) Samplevexproj.user
= sample08.pdf

=2 sampledd.pdf

"L samplel0.pdf

[ sample-comp.comp
[@] sample-comp.spv
[ sample-frag.frag

b ThisPC > mijb (W\guille\baileyiusers) (V) > Yulkan > Sample2019 >

Date modified

v|®)| | searchs.

Type

File folder

File folder

File folder

File folder

File folder
Microsoft PowerP...
SPV File

C/C++ Header
Object File Library
File

Application

HELP File

File

BMP File

1PG File

BMP File

IPG File

C++ Source

s Source
Microsoft Visual S...
VCe+ Project
V- + Project Filte...
Per-User Project O
Adobe Acrobat D...
Adobe Acrobat D...
Adobe Acrobat D.
COMP File

SPV File

FRAG File

Size

35
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Extras in the Code

36

#define REPORT(s)

#define HERE_|_AM(s)

{ PrintVkError( result, s ); fflush(FpDebug); }

bool Paused;

bool Verbose;

#define DEBUGFILE

"VulkanDebug.txt"

errno_t err = fopen_s( &FpDebug, DEBUGFILE, "w" );

if( Verbose ) { fprintf( FpDebug, "***** %s *****\n", s ); fflush(FpDebug); }
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Drawing

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan
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Drawing pptx mjb - September 11, 2019

Geometry vs. Topology

Original Object 4

4
2
1 3
3
2
Geometry = changed
2 Topology = same (1-2-3-4-1)
Geometry = same
Topology = changed (1-2-4-3-1)
Geometry:

Topology:

Where things are (e.g., coordinates) How things are connected
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39
Vulkan Topologies
VK_PRIMITIVE_TOPOLOGY_POINT_LIST VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST
Vs
. \'A Vv,
V
o\ v,
® v v
Vo oV A 1
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_STRIP
VK_PRIMITIVE_TOPOLOGY_LINE_LIST
.\/3\.
Vv,
VK_PRIMITIVE_TOPOLOGY_LINE_STRIP VK_PRIMITIVE_TOPOLOGY_TRIANGLE_FAN
Vs \£
Vs
Vv, Vi
vV, Vo
/-7 Asiazae
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Vulkan Topologies

VK_PRIMITIVE_TOPOLOGY_POINT LIST VI_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST

VI_PRIMITIVE_TOPOLOGY_LINE_LIST
."’i\.
v,
Va.‘\. v,

VK_PRIMITIVE_TOPOLOGY_LINE_STRIP

Vi
Q “
vy A

2

0
P 7
oV vy
Vs
" (33 v v,

VK_PRIMITIVE_TOPOLOGY_TRIANGLE_STRIP

v, Vs f v,
v,
Yo vz ve

VK_PRIMITIVE_TOPOLOGY_TRIANGLE_FAN
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typedef enum VkPrimitiveTopology

{
VK_PRIMITIVE_TOPOLOGY_POINT_LIST
VK_PRIMITIVE_TOPOLOGY_LINE_LIST
VK_PRIMITIVE_TOPOLOGY_LINE_STRIP
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_STRIP
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_FAN
VK_PRIMITIVE_TOPOLOGY_LINE_LIST_WITH_ADJACENCY
VK_PRIMITIVE_TOPOLOGY_LINE_STRIP_WITH_ADJACENCY
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST_WITH_ADJACENCY
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_STRIP_WITH_ADJACENCY
VK_PRIMITIVE_TOPOLOGY_PATCH_LIST

} VkPrimitiveTopology;

mjb — September 11, 2019
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Vertex Orientation Issues 41

Thanks to OpenGL, we are all used to drawing in a right-handed coordinate system.

3 2

Internally, however, the Vulkan pipeline uses a left-handed system:
X
0 g 1

cw!

The best way to handle this is to continue to draw in a RH coordinate system
and then fix it up in the projection matrix, like this:

ProjectionMatrix[1][ 1] *= -1.;
This is like saying “Y’ = -Y”.

WA
/- ASIA2a9
E BRISBANE mib - September 11, 2019

Vertex Orientation Issues 42

This object was modeled such that triangles that face
the viewer will look like their vertices are oriented CCW

Ve 2 (this is detected by looking at vertex orientation at the
D start of the rasterization).
cew
Because this 3D object is closed, Vulkan can save
o x 1 rendering time by not even bothering with triangles
z / whose vertices look like they are oriented CW. This is

called backface culling.

/n_' i
z c ow! Vulkan’s change in coordinate systems can mess up the backface culling.
Y

2 Solrecommend, at least at first, that you do no culling.

VkPipelineRasterizationStateCreateinfo vprsci;

= VK_CULL_MODE_NONE
OUNTER_CLOCKWISE;

vprsci.cullMode
vprsci.frontFace = VK_]

ol

7 ASIA2'v19E
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Triangles Represented as an Array of Structures
From the file SampleVertexData.cpp:

struct vertex

{
glm::vec3 position;
glm::vec3 normal;
glm::vec3 color;
glm::vec2 texCoord;

b
struct vertex VertexData[ ] =

Il triangle 0-2-3:
Il vertex #0:
{

b

{

b

2

ASIA 2219
BRISBANE
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77

Modeled in
right-handed
coordinates

43

mjb - September 11, 2019

From the file SampleVertexData.cpp:

struct vertex

glm::vec3 position;
glm::vec3 normal;
glm::vec3 color;
glm::vec2 texCoord;

b

struct vertex VertexData[ ] =

{

Il vertex #0:

{11,113},
{0,0,-1.}
{0,0,0.}
{1,0.}

b

Il vertex #2:

{
{1 1,1},
{0,0,-1.}
{0,1,0.}
{1,1.}

b

Il vertex #3:

{
{1,1,1},
{0,0,-1.}
{1,1,0.}
{0,1.}

b

" Asia2a0
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Non-indexed Buffer Drawing
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Filling the Vertex Buffer 45

MyBuffer MyVertexDataBuffer;

Init0O5MyVertexDataBuffer( sizeof(VertexData), &MyVertexDataBuffer );

Fillo5DataBuffer( MyVertexDataBuffer, (void *) VertexData );

VkResult

Init05MyVertexDataBuffer( IN VkDeviceSize size, OUT MyBuffer * pMyBuffer )

{
VkResult result;
result = Init05DataBuffer( size, VK_BUFFER_USAGE_VERTEX_BUFFER_BIT, pMyBuffer );
return result;

}

PN N
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A Preview of What Init05DataBuffer Does 46

VkResult
Init05DataBuffer( VkDeviceSize size, VkBufferUsageFlags usage, OUT MyBuffer * pMyBuffer )

VkResult result = VK_SUCCESS;
VkBufferCreatelnfo vbci;
vbci.sType = VK_STRUCTURE_TYPE_BUFFER_CREATE_INFO;
vbci.pNext = nullptr;
vbci.flags = 0;
vbci.size = pMyBuffer->size = size;
vbci.usage = usage;
vbci.sharingMode = VK_SHARING_MODE_EXCLUSIVE;
vbci.queueFamilyindexCount = 0;
vbci.pQueueFamilylndices = (const uint32_t *)nullptr;
result = vkCreateBuffer ( LogicalDevice, IN &vbci, PALLOCATOR, OUT &pMyBuffer->buffer );

VkMemoryRequirements vmr;
vkGetBufferMemoryRequirements( LogicalDevice, IN pMyBuffer->buffer, OUT &vmr ); 1 fills vmr

VkMemoryAllocatelnfo
vmai.sType = VK_STRUCTUR
vmai.pNext = nullptr;
vmai.allocationSize = vmr.size;
vmai.memoryTypelndex = FindMemory RhatlsHostVisible( );

PE_MEMORY_ALLOCATE_INFO;

VkDeviceMemory vdm;
result = vkAllocateMemory( LogicalDevice, IN &vmai, PALLOCATOR, OUT &vdm );
pMyBuffer->vdm = vdm;

result = vkBindBufferMemory( LogicalDevice, pMyBuffer->buffer, IN vdm, 0 ); 11 0 is the offset
return result;

" Asiaza0
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Telling the Pipeline about its Input 47

We will come to the Pipeline later, but for now, know that a Vulkan pipeline is essentially a very large
data structure that holds (what OpenGL would call) the state, including how to parse its input.

C/C++:

%

struct vertex

glm::vec3
glm::vec3
glm::vec3
glm::vec2

position;

GLSL Shader:

layout( location = 0 ) in vec3 aVertex;
layout( location = 1) in vec3 aNormal;
layout( location =2 ) in vec3 aColor;
layout( location = 3 ) in vec2 aTexCoord;

VkVertexInputBindingDescriptio\

wvibd[0].binding = 0;
vvibd[0].stride = sizeof( struct vertex );
wvibd[0].inputRate = VK_VERTEX_INPUT_RATE_VERTEX;

vvibd[1]; /I one of these per buffer data buffer
/I which binding # this is
I bytes between successive structs

" ASIAZZ9
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Telling the Pipeline about its Input 48

struct vertex

{
glm::vec3
glm::vec3
glm::vec3
glm::vec2

b

position;
normal;
color;
texCoord;

—

layout( location = 0 ) in vec3 aVertex;
layout( location = 1) in vec3 aNormal;
layout( location =2 ) in vec3 aColor;
layout( location = 3 ) in vec2 aTexCoord;

VkVertexInputAttributeDescription
/1 4 = vertex, normal, color, texture coord
vviad[0].location = 0;
vviad[0].binding = 0;
vviad[0].format = VK_FORMAT_VECS3;
vviad[0].offset = offsetof( struct vertex, position );

vviad[1].location = 1;
vviad[1].binding = 0;
vviad[1].format = VK_FORMAT_VECS;
vviad[1].offset = offsetof( struct vertex, normal );

vviad[2].location = 2;
vviad[2].binding = 0;
vviad[2].format = VK_FORMAT_VECS;
vviad[2].offset = offsetof( struct vertex, color );

vviad[3].location = 3;
vviad[3].binding = 0;
vviad[3].format = VK_FORMAT_VEC2;
vviad[3].offset = offsetof( struct vertex, texCoord );

vviad[4];

/I location in the layout decoration
/I which binding description this is part of
1%y, z

/I array per vertex input attribute

/I nx, ny, nz

/I'r,g,b

/l's, t

/10

1112

1124

1136

" AsiAZ9
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Telling the Command Buffer what Vertices to Draw 49

We will come to Command Buffers later, but for now, know that you will specify the vertex buffer
that you want drawn.

VkBuffer buffers[1] = MyVertexDataBuffer.buffer;

vkCmdBindVertexBuffers( CommandBuffers[nextimagelndex], 0, 1, vertexDataBuffers, offsets );
const uint32_t vertexCount = sizeof( VertexData ) / sizeof( VertexData[0] );

const uint32_t instanceCount = 1;

const uint32_t firstVertex = 0;

const uint32_t firstinstance = 0;

vkCmdDraw( CommandBuffers[nextimagelndex], vertexCount, instanceCount, firstVertex, firstinstance );

PSR
/- AslA2a19
2 BRISBANE
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Drawing with an Indexed Buffer 50
struct vertex JustVertexData[ ] =

1 vertex #0:
(0007

\ {1.,0.}

G —
(00l [ index 4 |
(003" vertex0 | </ [ ndoxs |

int JustindexData[

{

oNNMNOoOOoO A~~~ OO
QAN RNWNOWDN
POWNNOONODO N~ W

|
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Drawing with an Indexed Buffer 51

vkCmdBindVertexBuffers( commandBuffer, firstBinding, bindingCount, vertexDataBuffers, vertexOffsets );

vkCmdBindIndexBuffer( commandBuffer, indexDataBuffer, indexOffset, indez(Type );

/

typedef enum VkindexType J
{
VK_INDEX_TYPE_UINT16 =0, /10— 65,535
VK_INDEX_TYPE_UINT32=1, /10 —4,294,967,295
} VkindexType;

vkCmdDrawIndexed( commandBuffer, indexCount, instanceCount, firstindex, vertexOffset, firstinstance);

" ASIAZZ9
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Drawing with an Indexed Buffer 52

VkResult
Init05MyIndexDataBuffer(IN VkDeviceSize size, OUT MyBuffer * pMyBuffer)

VkResult result = Init05DataBuffer(size, VK_BUFFER_USAGE_INDEX_BUFFER_BIT, pMyBuffer);
/I fills pMyBuffer
return result;

Init05MyVertexDataBuffer( sizeof(JustVertexData), IN &MyJustVertexDataBuffer );
Fillo5DataBuffer( MyJustVertexDataBuffer, (void *) JustVertexData );

Init0O5MyIndexDataBuffer( sizeof(JustindexData), IN &MyJustindexDataBuffer );
Fillo5DataBuffer( MyJustindexDataBuffer, (void *) JustindexData );

" ASIAZZ9
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Drawing with an Indexed Buffer

VkBuffer vBuffers[1] = { MyJustVertexDataBuffer.buffer };
VkBuffer iBuffer = { MyJustindexDataBuffer.buffer };

vkCmdBindVertexBuffers( CommandBuffers[nextimagelndex], 0, 1, vBuffers, offsets );
/10, 1 = firstBinding, bindingCount
vkCmdBindIndexBuffer( CommandBuffers[nextimagelndex], iBuffer, 0, VK_INDEX_TYPE_UINT32 );

const uint32_t vertexCount = sizeof( JustVertexData ) / sizeof( JustVertexData[0] );
const uint32_t indexCount = sizeof( JustindexData ) / sizeof( JustindexData[0] );
const uint32_t instanceCount = 1;

const uint32_t firstVertex = 0;

const uint32_t firstindex = 0;

const uint32_t firstinstance = 0;

const uint32_t vertexOffset = 0;

vkCmdDrawIndexed( CommandBuffers[nextimagelndex], indexCount, instanceCount, firstindex,
vertexOffset, firstinstance );

* ASIA29
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Sometimes the Same Point Needs Multiple Attributes

Sometimes a point that is common to multiple faces has the same attributes, no matter
what face it is in. Sometimes it doesn’t.

A color-interpolated cube like this actually has both. Point #7 above has the same color,
regardless of what face it is in. However, Point #7 has 3 different normal vectors,
depending on which face you are defining. Same with its texture coordinates.

Thus, when using index-ed buffer drawing, you need to create a new vertex struct
if any of {position, normal, color, texCoords} changes from what was previously-
stored at those coordinates.

PN N
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Sometimes the Same Point Needs Multiple Attributes 55

Where values do not match at the
corners (texture coordinates)

Where values match at the
corners (color)

PG
/
2 BRISBANE mjb - September 11, 2019
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Shaders and SPIR-V

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan

ShadersAndSpirv.pptx mjb — September 11, 2019
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The Shaders’ View of the Basic
Computer Graphics Pipeline | Vertex Shader ||

+ In general, you want to have a vertex ” Primitive Assembly "
and fragment shader as a minimum. ]

']
r----1_Tessellation Control Shader
' Tessellation Primitive Generator || .___
_— Tessellation Evaluation Shader

|| Primitive Assembly ||* ----------

I
I

* A missing stage is OK. The output
from one stage becomes the input of
the next stage that is there.

* The last stage before the fragment
shader feeds its output variables into
the rasterizer. The interpolated
values then go to the fragment
shaders

3
|| Geometry Shader ||

= Fixed Function
[ Primitive Assembly |

I:l n
]

i

Rasterizer ||

= Programmable ”

¥
| Fragment Shader ||

" AsiA2o19
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Vulkan: GLSL Differences from OpenGL, |

Detecting that a GLSL Shader is being used with Vulkan/SPIR-V:

« In the compiler, there is an automatic
#define VULKAN 100

Vulkan Vertex and Instance indices: OpenGL uses:
gl_Vertexindex gl_VertexID
gl_Instancelndex gl_InstancelD

* Both are 0-based

gl_FragColor:

* In OpenGL, gl_FragColor broadcasts to all color attachments
« In Vulkan, it just broadcasts to color attachment location #0
« Bestidea: don’t use it at all — explicitly declare out variables to have specific location numbers

" AsiA2o19
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Vulkan: GLSL Differences from OpenGL, Il 59

Shader combinations of separate texture data and samplers:
uniform sampler s;
uniform texture2D t;
vec4 rgba = texture( sampler2D(t, s ), vST );

Descriptor Sets:
layout( set=0, binding=0) ... ;

Push Constants:
layout( push_constant) . .. ;

Specialization Constants:
layout( constant_id = 3 ) constintN =5;

« Only for scalars, but a vector’s components can be constructed from specialization constants

Specialization Constants for Compute Shaders:
layout( local_size_x_id = 8, local_size_y_id =16 );

« This sets gl_WorkGroupSize.x and gl_WorkGroupSize.y
« gl_WorkGroupSize.z is set as a constant

ASIA 27

219
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Vulkan: Shaders’ use of Layouts for Uniform Variables 60

/I non-sampler variables must be in a uniform block:
layout( std140, set = 0, binding = 0 ) uniform matBuf All non-sampler uniform variables

must be in block buffers
mat4 uModelMatrix;
mat4 uViewMatrix;
mat4 uProjectionMatrix;

mat3 uNormalMatrix;
} Matrices;

/I non-sampler variables must be in a
layout( std140, set = 1, binding 5€7) uniform lightBuf

vec4 ulLightPos;
} Light;

layout( set = 2, binding = 0 ) uniform sampler2D uTexUnit;

shaderModuleCreateFlags codef] (u_int32_Y)

\ | codeSize (in bytes) /
0 |

‘ VkShaderModuleCreatelnfo

vkCreateShaderModule( )

7 Asiazae
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Vulkan Shader Compiling 61
* You pre-compile your shaders with an external compiler

* Your shaders get turned into an intermediate form known as SPIR-V, which
stands for Standard Portable Intermediate Representation.

* SPIR-V gets turned into fully-compiled code at runtime

* SPIR-V spec has been public for a couple of years —new shader languages are
surely being developed

* OpenGL and OpenCL have adopted SPIR-V as well

External Compiler in ™
GLSL Source ~— GLSL — SPRYV —— T Vendor-specific
i code
Compiler

Develop Time Run Time

Advantages:

Software vendors don’t need to ship their shader source

Syntax errors appear during the SPIR-V step, not during runtime

Software can launch faster because half of the compilation has already taken place
This guarantees a common front-end syntax

This allows for other language front-ends

il B~

PR
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SPIR-V: 62
Standard Portable Intermediate Representation for Vulkan

glslangValidator shaderFile -V [-H] [-I<dir>] [-S <stage>] -o shaderBinaryFile.spv

Shaderfile extensions:

vert Vertex

.tescTessellation Control
teseTessellation Evaluation

.geom  Geometry

.frag Fragment

.comp  Compute

(Can be overridden by the —S option)

-V Compile for Vulkan

-G Compile for OpenGL

-1 Directory(ies) to look in for #includes

-S Specify stage rather than get it from shaderfile extension
-C Print out the maximum sizes of various properties

Windows: glslangValidator.exe
Linux: setenv LD_LIBRARY_PATH /usr/local/common/gcc-6.3.0/lib64/

PN N
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Running glslangValidator.exe 63

MINGWES: v Vulkan/Sample017

/y/Vulkan/Sample2017
$ 185

-V sample-vert.vert -o sample-vert.spv

/y/Vulkan/Sample2017

-V sample-frag.frag -o sample-frag.spv
samp | é-Trag. rag

oh /y/Vulkan/Sample2017

ASIA 219
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How do you know if SPIR-V compiled successfully? 64

Same as C/C++ -- the compiler gives you no nasty messages.
Also, if you care, legal .spv files have a magic number of 0x07230203

So, if you do an od —x on the .spv file, the magic number looks like this:
0203 0723 .. ..

ol
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Reading a SPIR-V File into a Vulkan Shader Module

}

#define SPIRV_MAGIC 0x07230203

.V.k.ResuIt

Init12SpirvShader( std::string filename, VkShaderModule * pShaderModule )
FILE *fp;
(void) fopen_s( &fp, filename.c_str(), "rb");
if(fp == NULL )

fprintf( FpDebug, "Cannot open shader file '%s"\n", filename.c_str() );
return VK_SHOULD_EXIT;

uint32_t magic;
fread( &magic, 4, 1, fp );
if( magic != SPIRV_MAGIC )

fprintf( FpDebug, "Magic number for spir-v file '%s is 0x%08x -- should be 0x%08x\n",
filename.c_str( ), magic, SPIRV_MAGIC );
return VK_SHOULD_EXIT;

fseek( fp, OL, SEEK_END );

int size = ftell(fp );

rewind( fp );

unsigned char *code = new unsigned char [size];
fread( code, size, 1, fp );

fclose(fp );

AJIA LT
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Reading a SPIR-V File into a Shader Module

66

VkShaderModuleCreatelnfo
vsmci.sType = VK_STRUCTURE_
vsmci.pNext = nullptr;
vsmci.flags = 0;
vsmci.codeSize = size;
vsmci.pCode = (uint32_t *)code;

VkShaderModule ShaderModuleVertex;

SHADER_MODULE_CREATE_INFO;

VkResult result = vkCreateShaderModule( LogicalDevice, &vsmci, PALLOCATOR, OUT & ShaderModuleVertex );
fprintf( FpDebug, "Shader Module '%s' successfully loaded\n", filename.c_str() );
delete [ ] code;

return result;

" ASIAZZ9
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Vulkan: Creating a Graphics Pipeline

67

which stage (VERTEX, etc.) binding
stride Jocati
i location
[ VkSpecializationinfo | VkShaderModule inputRate binding
/ format
offset
VkVer 1tBindingD iption /
VkVertexInputAttributeDescription |
| VkPipelineShaderStageCreatelnfo
Topology
Shader stages {// VkPipelinelnputAssemblyStateCreatelnfo
Vertexinput State X y.w h
InputAssembly State 4| m'ir{IIJe' th,
Tesselation State VkViewportStateCreatelnfo maxDep m’
Viewport State «—— ?
Rasterization State ¥——{ - - Scissor
e St \| VkPipelineRasterizationStateCreatelnfo \
i - extent
DepthStencil State \-I VkPipelineDepthStencilStateCreatelnfo | cullMode
ColorBlend State
D c Stat polygonMode
Pipelie ayout froniFace
RenderPass lineWidth
basePipelineHandle
basePipelinelndex
depthTestEnable
l \ VkPipelineColorBlendStateCreatelnfo | depthWriteEnable
depthCompareOp
VkGraphicsPipelmeCreatelnfB\ ‘ stencilTestEnable
stencilOpStateFront
tencilO|
| VkPipelineColorBlendAttachmentState I
blendEnable
srcColorBlendFactor
 eDPinali dstColorBlendFactor
vkCreateGraphicsPipeline() | colorBlendOp
srcAlphaBlendFactor
actor
\ VkPipelineDynamicStateCreatelnfo | alphaBlendOp
A, colorWriteMask
ASIA

219
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| Array naming the states that can be set dynamically |
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SPIR-V: More Information

SPIR-V Tools:
http://github.com/KhronosGroup/SPIRV-Tools

struncom —on @
©) WhyGitub? - Enterpise Dlore - Markeplace Pricing signin [signup |
KhronosGroup / SPIRV-Tools O n | A 4| Yron
Join GitHub today
e cote. manage prjce.an bl sttare cget.
e ®
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Vertex Buffers

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan
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69

What is a Vertex Buffer?

Vertex Buffers are how you draw things in Vulkan. They are very much
like Vertex Buffer Objects in OpenGL, but more detail is exposed to you
(a lot more...).

But, the good news is that Vertex Buffers are really just ordinary Data
Buffers, so some of the functions will look familiar to you.

First, a quick review of computer graphics geometry . . .
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Filling the Vertex Buffer 7

MyBuffer MyVertexDataBuffer;

Init0O5MyVertexDataBuffer( sizeof(VertexData), &MyVertexDataBuffer );
Fillo5DataBuffer( MyVertexDataBuffer, (void *) VertexData );

VkResult
Init05MyVertexDataBuffer( IN VkDeviceSize size, OUT MyBuffer * pMyBuffer )

VkResult result = Init05DataBuffer( size, VK_BUFFER_USAGE_VERTEX_BUFFER_BIT, pMyBuffer );
return result;

Sheh
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Data Buffers

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan
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Vulkan 1.1 Reference Guide

Vulkan Pipeline Diagram [9]

Input Assembler

Vertex Shader

From the Quick Reference Card 73

Indirect Buffer
Index Buffer

Vertex Buffer

Dispatch

ion Control Shader

Tessellation Primitive Generator

Descriptor Sets
Push Constants

Uniform Buffer

Uniform Texel Buffers

Sampled Images

Geometry Shader

Vertex Post-Processing

Early Per-Fragment Tests

Storage Buffers

Storage Texel Buffers

Some Vulkan commands specify geometric objects
to be drawn or computational work to be performed,

Storage Images while others specify state controlling how objects
i — are handled by the various pipeline stages, or control
data transfer between memory organized as images
and buffers. Commands are effectively sent through
+ a processing pipeline, either a graphics pipeline or a
"

I
i
1
I
L
| B Ccompute Shader
T
1
]
|
-
|
|

Late Post-Fragment Tests
Blending

p il compute pipeline.
[ Fixed Function stage
Input Attachments -
[Ishader stage

[ storage images

Color Attachments
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Vulkan: Creating a Data Buffer 74

VkBufferCreateln
vbci.sType = VK_STRUCTURE_TYPE_BUFFER_CREATE_INFO;

vbci.pNext = nuIE)t
vbci.flags = 0;

vbci.size = << buffer §

vbci.usage = <<or’ed
VK_USAGE_T

VK_USAGE_UNIFORM_BUFFER_BIT

VK_USAGE_INDEX_BVFFER_BIT

VK_SHARING_MODE_CO
vbci.queueFamilylndexCount = 0;
vbci.pQueueFamilylndices = (const i9nt32_t) nullptr;

_BUFFER_BIT

VkBuffer Buffer;

result = vkCreateBuffer ( LogicalDevice, IN &vbci, PALLOCATOR, OUT &Buffer );

el
4" ASIA219
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Vulkan: Allocating Memory for a Buffer, Binding a
Buffer to Memory, and Writing to the Buffer

VkMemoryRequirements
result = vkGetBufferMemoryRequiirements( LogicalDevice, Buffer, OUT &vmr );

VkMemoryAllocatelnfo Cvmai;)

vmai.sType = VK_STRUCTUR PE_MEMORY_ALLOCATE_INFO;
vmai.pNext = nullptr;
vmai.flags = 0;

vmai.allocationSize = vmr.size;
vmai.memoryTypelndex = FindMemoryThatlsHostVisible( );

VkDeviceMemory

result = vkAllocateMemory( LogicalD&vige, | ai, PALLOCATOR, OUT &vdm );

result = vkBindBufferMemory( LogicalDevjce, Buffer, IN vdm, 0 ); /1 0 is the offset

result = vkMapMemory( LogicalDevice, IN vdm, 0, VK_WHOLE_SIZE, 0, &ptr );

<< do the memory copy >>

result = vkUnmapMemory( LogicalDevice, IN vdm );

* ASIA29
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Finding the Right Type of Memory

int

FindMemoryThatlsHostVisible( )

{
VkPhysicalDeviceMemoryProperties vpdmp;
vkGetPhysicalDeviceMemoryProperties( PhysicalDevice, OUT &vpdmp );
for( unsigned inti = 0; i < vpdmp.memoryTypeCount; i++ )

VkMemoryType vmt = vpdmp.memoryTypest:
if( ( vmt.propertyFlags & MEMORY_PROPERTY_HOST_VISIBLE_BID) !=0)
{

returni;
}
}

return -1;

T+ Asiaza9
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Finding the Right Type of Memory 77
int
FindMemoryThatlsDeviceLocal( )
{
VkPhysicalDeviceMemoryProperties vpdmp;
vkGetPhysicalDeviceMemoryProperties( PhysicalDevice, OUT &vpdmp );
for( unsigned inti = 0; i < vpdmp.memoryTypeCount; i++ )
{
VkMemoryType vmt = vpdmp. i
if( ( vmt.propertyFlags _MEMORY_PROPERTY_DEVICE_LOCAL_BID) !=0)
{
returni;
}
}
return -1;
}
75 Asiazomw
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Finding the Right Type of Memory 78
VkPhysicalDeviceMemoryProperties vpdmp;

vkGetPhysicalDeviceMemoryProperties( PhysicalDevice, OUT &vpdmp );

11 Memory Types:
Memory 0:
Memory
Memory
Memory
Memory
Memory
Memory
Memory 7: DevicelLocal

Memory 8: Devicelocal

Memory 9: HostVisible HostCoherent

Memory 10: HostVisible HostCoherent HostCached

oahkhwnN2

2 Memory Heaps:
Heap 0: size = 0xb7c00000 DevicelLocal
Heap 1: size = Oxfac00000

PN N
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Something I’'ve Found Useful 79

| find it handy to encapsulate buffer information in a struct:

typedef struct MyBuffer
VkDataBuffer buffer;
VkDeviceMemory  vdm;
VkDeviceSize size;

} MyBuffer;

MyBuffer MyMatrixUniformBuffer;

It's the usual object-oriented benefit — you can pass around just one
data-item and everyone can access whatever information they need.

mjb - September 11, 2019

Initializing a Data Buffer 80

It's the usual object-oriented benefit — you can pass around just one
data-item and everyone can access whatever information they need.

VkResult

{

Init05DataBuffer( VkDeviceSize size, VkBufferUsageFlags usage, OUT MyBuffer * pMyBuffer )

vbci.size = pMyBuffer->size = size;
result = vkCreateBuffer ( LogicalDevice, IN &vbci, PALLOCATOR, OUT &pMyBuffer->buffer );

pMyBuffer->vdm = vdm;

" ASIAZZ9
BRISBANE

mjb - September 11, 2019

9/11/2019

40



Sheh
/- ASIA2a9
BRISBANE

Here’s a C struct to hold some uniform variables

struct matBuf

{
glm::mat4 uModelMatrix;
glm::mat4 uViewMatrix;
glm::mat4 uProjectionMatrix;
glm::mat3 uNormalMatrix;

} Matrices;

Here’s the shader code to access those uniform variables

layout( std140, set = 0, binding = 0 ) uniform matBuf

{
mat4 uModelMatrix;
mat4 uViewMatrix;
mat4 uProjectionMatrix;
mat4 uNormalMatrix;

} Matrices;

81
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Filling those Uniform Variables

82

uint32_t

Matrices.uProjectionMatrix[1][1] *= -1.;

Height, Width;

const double FOV = glm::radians(60.);  // field-of-view angle
glm::vec3 eye(0.,0.,EYEDIST);

glm::vec3 look(0.,0.,0.);

glm::vec3 up(0.,1.,0.);

Matrices.uModelMatrix = glm::mat4( ); /I identity

Matrices.uViewMatrix = glm::lookAt( eye, look, up );

Matrices.uProjectionMatrix = gim::perspective( FOV, (double)Width/(double)Height, 0.1, 1000. );
/I account for Vulkan’s LH screen coordinate system

Matrices.uNormalMatrix = glm::inverseTranspose( glm::mat3( Matrices.uModelMatrix ) );

PN N
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The Parade of Data 83

MyBuffer  MyMatrixUniformBuffer;

The MyBuffer does not hold any actual data itself. It
just represents the collection of data buffer
information that will be used by Vulkan

VkResult
size, VkBufferUsageFlags usage, OUT MyBuffer * pMyBuffer )

(
{
""" boisize = pMyBuffer->size = size;

rasult = vkCreateBuffer ( LogicalDevice, IN &bci, PALLOCATOR, OUT 8pMyBuffer->buffer ):

PMyBuffer->vdm = ydm:

This C struct is holding the ]
actual data. It is writeable

by the application. 4 ~
Memory.
rnappechpy \ The Data Buffer in GPU memory is
struct matBuf Matrices; holding the actual data. It is
e a0 0 EVEDIST) readgple by the shaders

gimvec3 100K(0.,0..0.);

glmivee3d up(0.,1..0.); . .
uniform matBuf Matrices;

Matrices.uModelMatrix = glm:matd( ); 1 identity
Matioes oViewMars = gimeoht eye, losk, up ) laybut{ std140, set = 0, binding =0 ) uniform matBuf
Matrices. = FOV, eight, 0.1, 1000. ); matd uModelMatrix;
Matrices.uProjectionMatrix{1][1) *=-1.; mat4 uViewMatrix;
M " Matrix = gl T | Mt ModelMats mat4 uProjectionMatrix;
latrices.uNermalMatrix = gim::inverseTranspose( gim::mat3{ Matrices.uModelMatrix ) ) mat4 uNormalMatris:
7 } Matrices;
* SIGORAPY There is one more step in here— Descriptor Sets.
ASIA 271 Here’ » :
ere’s a quick preview...
EREIE 9 P mjb — September 11, 2019
The Descriptor Set for the Buffer 84

We will come to Descriptor Sets later, but for now think of them as the link between the BLOB of
uniform variables in GPU memory and the block of variable names in your shader programs.

VkDescriptorBufferinfo
vdbi0.buffer = MyMatrixUniformBuffer.buffer;
vdbi0.offset = 0; I/ bytes
vdbi0.range = sizeof(Matrices);

VkWriteDescriptorSet
// ds 0:
vwds0.sType = VK_STRUCITURE| TYPE_WRITE_DESCRIPTOR_SET;

vwds0.dstBinding = 0;

vwds0.dstArrayElement
vwds0.descriptorCount
vwds0.descriptorType =/[VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER;
vwds0.pBufferinfo = &vdbi0;
vwds0.plmagelnfo = (VkDescriptofimagelnfo *)nullptr;

vkUpdateDescriptorSets( LogicalDevice, 1, IN &wds0, IN 0, (VkCopyDescriptorSet *)nullptr );

" AsiA2o19
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Filling the Data Buffer 85
typedef struct MyBuffer
{
VkDataBuffer buffer;
VkDeviceMemory  vdm;
VkDeviceSize size;
} MyBuffer;
MyBuffer MyMatrixUniformBuffer;
InitO5UniformBuffer( sizeof(Matrices), &MyMatrixUniformBuffer );

Fillo5DataBuffer( MyMatrixUniformBuffer,  (void *) &Matrices );

gim::vec3 eye(0.0. EYEDIST);
glm::vec3 look(0.,0.,0.);
gmivecd up(0.,1.,0.);

Matrices.uModelMatrix = gim:zmatd( ); 1f identity
Matrices.uViewMatrix = glm:lookAt( eye, look, up );
Matrices jecti = glm: { FOV, Wi {eight, 0.1, 1000. );
Matrices.uProjectionMatrix[1][1] *=-1.;
Matrices ix = 3 Transpose{ glm:mat3( Matrices.uModelMatrix ) );
7 Asiazame
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Creating and Filling the Data Buffer — the Details 86
VkResult
Init05DataBuffer( VkDeviceSize size, VkBufferUsageFlags usage, OUT MyBuffer * pMyBuffer )
{
VkResult result = VK_SUCCESS;
VkBufferCreatelnfo vbci;
vbci.sType = VK_STRUCTURE_TYPE_BUFFER_CREATE_INFO;
vbci.pNext = nullptr;
vbci.flags = 0;
vbci.size = pMyBuffer->size = size;
vbci.usage = usage;
vbci.sharingMode = VK_SHARING_MODE_EXCLUSIVE;
vbci.queueFamilylndexCount = 0;
vbci.pQueueFamilylndices = (const uint32_t *)nullptr;
result = vkCreateBuffer ( LogicalDevice, IN &vbci, PALLOCATOR, OUT &pMyBuffer->buffer );
VkMemoryRequirements vmr,;
vkGetBufferMemoryRequirements( LogicalDevice, IN pMyBuffer->buffer, OUT &vmr ); /I fills vmr
VkMemoryAllocatelnfo @
vmai.sType = VK_STRUCTUR YPE_MEMORY_ALLOCATE_INFO;
vmai.pNext = nullptr;
vmai.allocationSize = vmr.size;
vmai.memoryTypelndex = FindMemoryThatlsHostVisible( );
VkDeviceMemory vdm;
result = vkAllocateMemory( LogicalDevice, IN &mai, PALLOCATOR, o
pMyBuffer->vdm = vdm;
result = vkBindBufferMemory( LogicalDevice, pMyBuffer->buffer, IN vdm, 0 ); /1 0 is the offset
return result;
}
BRISBANE mjb - September 11, 2019

43



9/11/2019

Creating and Filling the Data Buffer — the Details 87
VkResult
Fillo5DataBuffer( IN MyBuffer myBuffer, IN void * data )
{

I the size of the data had better match the size that was used to Init the buffer!

void * pGpuMemory;

vkMapMemory( LogicalDevice, IN myBuffer.vdm, 0, VK_WHOLE_SIZE, 0, OUT &pGpuMemory );
/I 0 and 0 are offset and flags

memcpy( pGpuMemory, data, (size_t)myBuffer.size );

vkUnmapMemory( LogicalDevice, IN myBuffer.vdm );

return VK_SUCCESS;

Remember — to Vulkan and GPU memory, these are just bits. Itis up to you to
handle their meaning correctly.

Sheh
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GLFW

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan
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Setting Up GLFW 89

void
InitGLFW( )
{
glfwlinit( );
glfwWindowHint( GLFW_CLIENT_API, GLFW_NO_API );
glfwWindowHint( GLFW_RESIZABLE, GLFW_FALSE );
MainWindow = glfwCreateWindow( Width, Height, "Vulkan Sample", NULL, NULL );
VkResult result = glfwCreateWindowSurface( Instance, MainWindow, NULL, &Surface );

glfwSetErrorCallback( GLFWErrorCallback );

glfwSetKeyCallback( MainWindow, GLFWKeyboard );
glfwSetCursorPosCallback( MainWindow, GLFWMouseMotion );
glfwSetMouseButtonCallback( MainWindow, GLFWMouseButton );

219
BRISBANE
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GLFW Keyboard Callback 90

void
GLFWKeyboard( GLFWwindow * window, int key, int scancode, int action, int mods )

if( action == GLFW_PRESS )
switch( key )

/lcase GLFW_KEY_M:

case 'm":
case 'M":
Mode++;
if( Mode >=2)
Mode = 0;
break;
default:
fprintf( FpDebug, "Unknow key hit: 0x%04x = '%c'\n", key, key );
fflush(FpDebug);

PSR
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GLFW Mouse Button Callback 91
void
GLFWMouseButton( GLFWwindow *window, int button, int action, int mods )
{
intb=0; /I LEFT, MIDDLE, or RIGHT
11 get the proper button bit mask:
switch( button )
{
case GLFW_MOUSE_BUTTON_LEFT:
b = LEFT; break;
case GLFW_MOUSE_BUTTON_MIDDLE:
b = MIDDLE; break;
case GLFW_MOUSE_BUTTON_RIGHT:
b = RIGHT; break;
default:
b=0;
fprintf( FpDebug, "Unknown mouse button: %d\n", button );
}
/' button down sets the bit, up clears the bit:
if( action == GLFW_PRESS )
{
double xpos, ypos;
glfwGetCursorPos( window, &xpos, &ypos);
Xmouse = (int)xpos;
Ymouse = (int)ypos;
ActiveButton |= b; /I set the proper bit
}
else
{
ActiveButton &= ~b; /I clear the proper bit
ol A }
/- AslA2a9
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GLFW Mouse Motion Callback 92
void
GLFWMouseMotion( GLFWwindow *window, double xpos, double ypos )
{
int dx = (int)xpos - Xmouse; Il change in mouse coords
int dy = (int)ypos - Ymouse;
if( ( ActiveButton & LEFT )!=0)
Xrot += ( ANGFACT*dy );
Yrot += ( ANGFACT*dx );
}
if( ( ActiveButton & MIDDLE )!=0)
Scale += SCLFACT * (float) ( dx - dy );
1 keep object from turning inside-out or disappearing:
if( Scale < MINSCALE )
Scale = MINSCALE;
}
Xmouse = (int)xpos; /I new current position
Ymouse = (int)ypos;
}

PN N
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Looping and Closing GLFW

93

while( glffwWindowShouldClose( MainWindow ) == 0 )
glfwPollEvents( );

UpdateScene( );
RenderScene( );

}

vkQueueWaitldle( Queue );
vkDeviceWaitldle( LogicalDevice );
DestroyAllVulkan( );
glfwDestroyWindow( MainWindow );
glfwTerminate( );

Time = glfwGetTime( ); /I elapsed time, in double-precision seconds

" Asiaza0
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GLM

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan
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What is GLM? 95

GLM is a set of C++ classes and functions to fill in the programming gaps in writing the basic
vector and matrix mathematics for OpenGL applications. However, even though it was written
for OpenGL, it works fine with Vulkan (with one small exception which can be worked around.

Even though GLM looks like a library, it actually isn’t — it is all specified in
*.hpp header files so that it gets compiled in with your source code.

You can find it at:
http://glm.g-truc.net/0.9.8.5/

You invoke GLM like this:

#define GLM_FORCE_RADIANS
#include <glm/gim.hpp>

#include <glm/gtc/matrix_transform.hpp>
#include <glm/gtc/matrix_inverse.hpp>

If GLM is not installed in a system place, put it somewhere you can get
access to. Later on, these notes will show you how to use it from there.

WA
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Why are we even talking about this? 96

All of the things that we have talked about being depwcated in OpenGL are really

deprecated in Vulkan -- built-in pipeline transformations, begin-end, fixed-function, etc. So,
where you might have said in OpenGL:

gluLookAt(0.,0.,3.,, 0.,0,0, 0,1.,0.);

glRotatef( (GLfloat)Yrot, 0., 1., 0. );

glRotatef( (GLfloat)Xrot, 1., 0., 0. );

glScalef( (GLfloat)Scale, (GLfloat)Scale, (GLfloat)Scale );

you would now have to say:

glm::mat4 modelview;

glm::vec3 eye(0.,0.,3.);

glm::vec3 look(0.,0.,0.);

glm::vec3 up(0.,1.,0.);

modelview = gim::lookAt( eye, look, up );

modelview = glm::rotate( modelview, D2R*Yrot, gim::vec3(0.,1.,0.) );
modelview = glm::rotate( modelview, D2R*Xrot, gim::vec3(1.,0.,0.) );
modelview = glm::scale( modelview, gim::vec3(Scale,Scale,Scale) );

Exactly the same concept, but a different expression of it. Read on for details ...
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The Most Useful GLM Variables, Operations, and Functions 97

Il constructor:

glm::mat4( );
glm::vecd( );
glm::vec3( );

/I identity matrix

GLM recommends that you use the “glm::” syntax and avoid “using namespace”
syntax because they have not made any effort to create unique function names

/I multiplications:

glm:mat4 * gim::mat4
glm:mat4 * gim::vecd

glm::mat4 * gim::vec4( glm:vec3, 1. )

Il emulating OpenGL transformations with concatenation:
glm::mat4 glm::rotate( glm::mat4 const & m, float angle, glm::vec3 const & axis );

glm::mat4 glm::scale( glm::mat4 const & m, glm::vec3 const & factors );

l glm::mat4 glm::translate( glm::mat4 const & m, glm::vec3 const & translation );

// promote a vec3 to a vec4 via a constructor

The Most Useful GLM Variables, Operations, and Functions 98

gim::
glm::

gim::
gim::

Il viewing volume (assign, not concatenate):

Il viewing (assign, not concatenate):

mat4 glm::ortho( float left, float right, float bottom, float top, float near, float far );
mat4 glm::ortho( float left, float right, float bottom, float top );

mat4 glm::frustum( float left, float right, float bottom, float top, float near, float far );
mat4 glm::perspective( float fovy, float aspect, float near, float far);

gim::mat4 glm::lookAt( glm::vec3 const & eye, glm::vec3 const & look, glm::vec3 const & up );
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Installing GLM into your own space

99

| like to just put the whole thing under my Visual Studio project folder so |
can zip up a complete project and give it to someone else.

_ » Computer » mjb (\\gulHE\bal\Ey\usEvs) (K) » C5550 » SampleGLM »

File Edit View Tools Help

Organize » o4 Open ~

it Favorites
& Downloads
23 Dropbox
L Engr Classes
B Engr Desktop
[ Engr Documents
L EngrHome Director

] Recent Places

&, Local Disk (C)

2 apps (stak) (V)

New folder

1] freegluth
3 freeglutlib
1] freeglut_ext.h
1] freeglut_std.h

(] glew.h
- Libraries %3 glew32.lib
[=] Documents [ gluth
&) Music 4 libed.lib
[ Pictures %3 LBCID.LIB
B Videos & sample.cpp
A Sample.dsp
Computer @ Sample.dsw

1] Sample.nch
& mjb (\guillebailey) | | Sample.opt
|| sample plg

Date modified

11/4/2015 3:52 PM
11/4/2015 3:42 PM
11/4/2015 3:40 PM
3/14/2015 3:34 PM
3/14/2015 319 PM
3/14/2015 334 PM
7/22/2015 8:45 AM
9/14/2015 3:27 PM
9/14/2015 3:27 PM
3/14/2015 3:34 PM
10/9/2007 8:41 AM
6/17/1998 1:00 AM
11/4/2015 3:51 PM
1/7/200211:31 AM
1/7/200211:24 AM
3/12/201011:17 AM
12/30/2002 10:14 ..,
12/20/200210:12 ...

pe
File folder

File folder

File folder

€/Co+ Header
Object File Library
C/C++ Header
C/Ce+ Header
€/Cos Header
Object File Library
C/C++ Header
Object File Library
Object File Library
C++ Source

VC++ 6 Project
VG 6 Workspace
VCo+ Intellis
OPT File
PLG File

nse

Size

14,043 KB

18 KB
2KB

G classes (\Warm) (W) |3 Samplesin

1/5/2011 8:49 AM

Microsoft Visual S...

1KB

&# mjb (\stak.engr.ore

€ Network

%1__0; sample.sin
UO Micresoft Visual Studio

1§ Sample.suo
*++ Sampleveproj
= SamplexcproEECS.mjb.user
[l Samplevcrproj

Date modified: 1/5/2011 8:49 AM
Solution Size: 878 bytes

9/22/2015 4:47 PM
8/31/200912:42 PM
3/12/201011:17 AM
11/4/2015 3:52 PM

al Studio Solu...

VC++ Project
Visual Studio Proj...

VCe Project

Date created: 11/4/2015 3:40 PM
Offline availability: Not available

17KB
6KB
2KB
8 KB
Offline ststus: Online

I

ﬁber 11,2019

Here’s what that GLM folder looks like
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» Computer +mjb (\guill\bailey\users) (6) » C5550 + SampldQM » gim + —)

File Edit View Tools

Organize v Bum

/% Faverites
i Downloads
4% Dropbox
L Engr Classes
B Engr Desktop
£ Engr Documents
1 Engr Home Director

1 Recent Places

4 Libraries
[ Decuments.
o Music
=] Pictures

B8 Videos

& Computer

&, Local Disk (C)

2 mib (\guille\bailey
* apps (\\stak) (V)
S classes (\farm) (W)
53 mjb (\stak.engr.ore

€ Network

l 27 items

Help
New folder
Name

detail
gt
ghe

[ CMakelists bt

1] common.hpp

] exponentialhpp

1] exthpp

1] fwd.hpp

] geometric.npp

8] glm.hpp

1] integer.hpp

1] mat2x2.hpp

] mat23.hpp

1] mat2xd hpp

1] mat3x2.hpp

k] mat33.hpp

(1] mat3xd.hpp

1] matdx2 hpp

1] matd3.hpp

(1] matdxd.hpp

1] matrichpp

1] packing.hpp

1] trigonometrichpp

(1] vec2.hpp

1] vec3.hpp

6] vecd.hpp

(1] vector_relational.hpp

Offline status: Online

Offline availability: Not available

Date modified

11/4/2015 2:42 PM
11/4/2015 3:42 PM
11/4/2015 3:42 PM
11/4/2015 3:41 PM
11/4/2015 2:41 PM
11/4/2015 3:41 PM
11/4/2015 3:41 PM
11/4/2015 2:41 PM
11/4/2015 3:41 PM
11/4/2015 3:41 PM
11/4/2015 2:41 PM

11/4/2015 3:41 PM

Type: G
Size: 3.04
Date mo:
T
11/4/2015 2:41 PM
11/4/2015 3:41 PM
11/4/2015 3:41 PM
11/4/2015 3:41 PM
11/4/2015 2:41 PM
11/4/2015 3:41 PM
11/4/2015 3:41 PM
11/4/2015 2:41 PM
11/4/2015 3:41 PM
11/4/2015 3:41 PM

Type
File folder
File folder
File folder
Text Document
i
C/C++ Header
C/C++ Header
e
——
C/C++ Header
e
——
C/C++ Header
Header
leader
[
Header

C/C++ Header

C/C++ Header
C/C++ Header
C/C++ Header
C/C++ Header
C/C++ Header
C/C++ Header
C/C++ Header
C/C++ Header

C/C++ Header

Size

2KB
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1.

%0 Semple- K

ng Visual Studio about where the GLM folder is

- | G B8 -

101

FieEdt few] Project | Buil Debug. Team Data Tools Test Window Hep
S ED Vg Add gffss.. ~| | win32 ~|| (29 |valid
E T Cteshitex
i AddNewhem. cuteshite
2 2 Add Existing Item.. ShifteAlte A
Cile =] B 3
[ — Exclude From Project P
Show Al Fies
s |2
 GlobalFun|  Rescan Solution
sets
Rereh Project Toolbox Rems
o projefford[Z] _Sample Properties, 2
| .
| T Tamrie Opencl / GLUT progrn
- i | 77 he objective 55 o drmw s 30 object and change the color of the axes
30 Azl Il 7 with s glut s
- i button does rotation
3§ Aeslioatiengty i buthon dos iéeling
9 Anesfost) a1 < atlows
% Display0 A axes o be turned on and off
9 Diplay) i The color of the axes to be changed
 DofoesMeni(int i 71 3. oebugging to be turned on and off
4 DosesMenu(int) 7 Depth cueing to be turned on snd off
o DoCaioMenot ) i The projection to be changed
it Vi he vransformations 0 be peset
 DeDebugMenulintic) 0% - <

4 Dobebughtenu(int)
% DoDepthMenu(int )
9 DoDepthiMenu(int)
Il < omtsinmenuintic) Dcicomite
& DoMainMenu(int) 1 samte.cop
@ DoProjecthienu(intic)
4 DoProjectMen(int)
@ DoRasterSing(foat . lot
0 DoRasterStingloa, float,
 DoStrokeSting(fioat . flo
9 DostrokeString(foa, float,
| IR
@ HapsedSeconds)
@ HavRgb(loat 3L float -

Output

1> loucning - \UEBUE\SIPIE UREUEEEEEFUTBULIE

1> Touching *.\Debug\Sample.lastbuildstate" .
»
L>Build succeeded.

DTine Elapsed 08:00:03.5¢

7 - 5 = ovput |2

uild: 1 succeeded, @ failed, © up-to-date, @ skipped

Show output from: [Build J3las|=xl=

1> Deleting file *.\Debug\Sample.unsuccessfulbuild®

>sample.obj ¢ warning LNKAG7S: ignoring '/EDITANDCONTINUE® due to */THCREMENTAL:NO' specification
1> Sample.vexproj -> K:\CS550\SanpleGLH\ . \Debug\Sample. exe
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Telling Visual Studio about where the GLM folder is

A period, indicating that the project folder should also be searched when a

#include <xxx>

102

is encountered. If you put it somewhere else)\enter that full or relative path instead.

Fie Edt View Proiect Buld Debug Teom Dats Teoh Te Window Feh
G | 89 - O b Dby (w2

o —

| B e

5, B A O D@3 =33

Ca|e =&~ (Global Scope)

<Search> 8= Fpragea warning(disable14996)
#include "glew.h”
7 sample Sendit

% Giobal Functions and Variable}
ants

sinclude <GL,
Tinclude <o ]| samele Property Pages

CARES

2 Colors #include "gl,

Configuration: |

2 Projections

=] [_Configuration Manager..

#include <gl:

> Common Properties
4 Configuration Properties
11 This is General

« i ] » 1/ The objes Debugging
S zy /A
o el 77 The lefe
9 etoa lngth) i .
9 eton) A e e Preprocessor
% Display) 7o Code Genertion
@ Display) /" 2. T Language
9 Dostenutntid /A Precompiled Hesders
"¢ DoAxesMenu(int) ”’ o Output Files.
@ DoColorMenu(int id) o > T Br Informati
R A rowse nformation
% DoCalorMenu(int Advanced
9 DeDebugMenuintic) 100% =it ¢ dL
"6 DoDebugMenu(int) (Output > Linker

@ DoDepthMenu(int id)
% DoDepthMenu(int)

@ DoMainMenu(int id)

*% DoMainMenu(int)

% DoProjectMenu(int id)

*% DoProjectMenu(nt)

@ DoRasterstring(float x float
*9 DoRasterstring(foat, float,

Manifest Tool
XML Document Generator
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Build Events

Custom Build Step

1> Touching "\
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Additional Include Directories
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Lovel3 UW3) additionalInclude Directories
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(ilpath)
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Build
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L

IR Code Definition Window
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SRR & Find Resuts 1 8 Eror List

tn17 Col1

ch1 INs

9/11/2019

51



GLM in the Vulkan sample.cpp Program

if( UseMouse )

if( Scale < MINSCALE )
Scale = MINSCALE;
Matrices.uModelMatrix = gim::mat4( ); // identity
Matrices.uModelMatrix = gl cale( Matrices.uModelMatrix, glm::vec3(Scale,Scale,Scale) );
Matrices.uModelMatrix = glm::rotate( Matrices.uModelMatrix, Yrot, glm::vec3( 0.,1.,0.) );
Matrices.uModelMatrix = glm::rotate( Matrices.uModelMatrix, Xrot, gim::vec3( 1.,0.,0.) );
1/ done this way, the Xrot is applied first, then the Yrot, then the Scale

}

else

if(! Paused )
{
const gim::vec3 axis = glm::vec3( 0., 1.,0.);
Matrices.uModelMatrix = glm::rotate( glm::mat4( ), (float)gim::radians( 360.f*Time/SECONDS_PER_CYCLE ), axis );

}

Matrices.uProjectionMatrix = gim::perspective( FOV, (double)Width/(double)Height, 0.1, 1000. );
Matrices.uProjectionMatrix[1][1] *= -1. /I Vulkan’s projected Y is inverted from OpenGL

Matrices.uNormalMatrix = glm::inverseTranspose( glm::mat3( Matrices.uModelMatrix );
Matrices.uNormalMatrix = gim::inverseTranspose( glm::mat3( Matrices.uModelMatrix ) );

Fillo5DataBuffer( MyMatrixUniformBuffer, (void *) &Matrices );
Misc.uTime = (float)Time;

Misc.uMode = Mode;
Fillo5DataBuffer( MyMiscUniformBuffer, (void *) &Misc );

ASIA 27

2 219
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Your Sample2019.zip File Contains GLM Already
e
PC > mib (Wguille\baileyusers) (¥) > Vulksn > Sample2017 v & | SearchSample
Name - Date modified Type Size
vs File folder
bu File folder
< glm File folder
h C/C++ Header 149 KB
8 glfwa.lib Object File Library 240 KB
[ glslangValidator File 1,817 KB
[ glslangValidator.exe Application 1,633KB
[ gislangValidator.help HELP File 6KB
] Makefile File 1KB
[& puppy.bmp BMP File
& puppy.jeg IPGFile
++ sample.cpp Cr+ Source 103 KB
&3 Samplesin Microsoft Visual 5., 2KB
Samplevexproj VC++ Project 7KB
571 samplevexprojfilters VC++ Project Filte... 1KB
[5 sample-frag.frag FRAG File 1KB
[# sample-frag.spv SPV File 1KE
[# sample-vertspv SPV File IKE
=l sample-vertvert VERT File 1KE
*++ SampleVertexData.cpp C+ Source 4KB
B vk_icdh €/C++ Header 5KB
B vk_layerh C/C++ Header 5KB
vk_layer_dispatch_table.h C/C++ Header 20K8
vi_platform.h C/C++ Header 4KE
vi_sdk_platform.h C/C++ Header 2KB
vulkan.h C/C++ Header 274 KB
Bl vulkan.hpp C/C++ Header 1,101 KB
8 vulkan-1.lib Object File Library 41KB
A [E VulkanDebug st Text Document 17kB
* AslA2719
BRISBANE
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105
Why Isn’t The Normal Matrix just the Same as the Model Matrix?

Itis, if the Model Matrix is all rotations and uniform
scalings, but if it has non-uniform scalings, then it is not.
These diagrams show you why.

Wrong!

glm::mat3 NormalMatrix = glm::mat3(Model);

Right!

Original object and normal

glm::mat3 NormalMatrix = glm::inverseTranspose( glm::mat3(Model) );

" AsiA2o19
BRISBANE
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Instancing

Mike Bailey
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http://cs.oregonstate.edu/~mjb/vulkan
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Instancing — What and why? 107

» Instancing is the ability to draw the same object multiple times
+ It uses all the same vertices and graphics pipeline each time

+ It avoids the overhead of the program asking to have the object drawn again, letting
the GPU/driver handle all of that

vkCmdDraw( CommandBuffers[nextimagelndex], vertexCourﬁnstanceCou@firstVertex, firstinstance );

But, this will only get us multiple instances of identical objects drawn on top of each
other. How can we make each instance look differently?

Sheh
/- ASIA2a9
A BRISBANE

mjb - September 11, 2019

Making each Instance look differently -- Approach #1 108

Use the built-in vertex shader variable gl_Instancelndex to define a unique display
property, such as position or color.

gl_Instancelndex starts at 0

In the vertex shader:

int  NUMINSTANCES = 16;
float DELTA = 3.0

float xdelta = DELTA * float( gl_Instancelndex % 4 );
float ydelta = DELTA * float( gl_Instancelndex / 4 );
vColor = vec3( 1., float( (1.+gl_Instancelndex) ) / float({ NUMINSTANCES ), 0. );

xdelta -= DELTA * sqrt( float(NUMINSTANCES) )/ 2,;
ydelta -= DELTA * sqrt( float(NUMINSTANCES) ) / 2,;
vecd vertex = vecd( aVertex.xyz + vec3( xdelta, ydelta, 0. ), 1. );

gl_Position = PVM * vertex;

7 AsiAzae
BRISBANE

mjb - September 11, 2019
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Making each Instance look differently -- Approach #2

Put the unique characteristics in a uniform buffer and reference them

Still uses gl_Instancelndex

In the vertex shader:

110

layout( std140, set = 3, binding = 0 ) uniform colorBuf
{

vec3 uColors[1024];
} Colors;

out vec3 vColor;

intindex = gl_Instancelndex % 1024;  //0-1023

vColor = Colors.uColors[ index ];

gl_Position = gl_ModelViewProjectionMatrix * gl_Vertex;

7 AsiAzae
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How We Constructed the Graphics Pipeline Structure Before m

VkVertexInputBindingDescription vvibd[1];

/I an array containing one of these per buffer being used
wvibd[0].binding = 0O; /I which binding # this is
wibd[0].stride €Szeof( struct vertex ), > // bytes between successive
wibd[0].inputRate _VERJEX_INPUT_RATE_VERTEX_

This definitién says that we should
advance through the input buffer
Noy this much every time we hit a

new vertex ————— |

Sheh
/- ASIA2a9
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How We Write the Vertex Shader Now 12

#version 400
#extension GL_ARB_separate_shader_objects : enable
#extension GL_ARB_shading_language_420pack : enable

layout( location = 0 ) in vec3 aVertex;
layout( location = 1) in vec3 aNormal;
layout( location = 2') in vec3 aColor;
layout( location = 3 ) in vec2 aTexCoord;

layout( location = 4 ) in vec3 alnstanceColor;

layout ( location = 0 ) out vec3 vNormal;
layout ( location = 1) out vec3 vColor;
layout ( location = 2 ) out vec2 vTexCoord;

void
main( )

mat4 PVM = Matrices.uProjectionMatrix * Matrices.uViewMatrix * Matrices.uModelMatrix;

vNormal = normalize( vec3( Matrices.uNormalMatrix * vec4(aNormal, 1.) ) );
/IvColor = aColor;

vColor = alnstanceColor;

vTexCoord = aTexCoord;

September 11, 2019

I gl_Position = PVM * vec4( aVertex, 1. );
}
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Descriptor Sets

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan

DescriptorSets.pptx

113

mjb - September 11, 2019

In OpenGL

Each uniform variable gets updated one-at-a-time.

layout( std140, binding = 0 ) uniform mat4 uModelMatrix;
layout( std140, binding = 1 ) uniform mat4 uViewMatrix;
layout( std140, binding = 2 ) uniform mat4 uProjectionMatrix;
layout( std140, binding = 3 ) uniform mat3 uNormalMatrix;
layout( std140, binding = 4 ) uniform vec4 uLightPos;
layout( std140, binding = 5 ) uniform float uTime;

layout( std140, binding = 6 ) uniform int uMode;

layout( binding = 7 ) uniform sampler2D uSampler;

7 AsiAzae
BRISBANE

114

OpenGL puts all uniform data in the same “set”, but with different binding numbers, so
you can get at each one.

Wouldn't it be nice if we could update a collection of related uniform variables
all at once, without having to update the uniform variables that are not related
to this collection?

mjb - September 11, 2019
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What are Descriptor Sets? 15

Descriptor Sets are an intermediate data structure that tells shaders how to connect
information held in GPU memory to groups of related uniform variables and texture
sampler declarations in shaders. There are three advantages in doing things this way:

» Related uniform variables can be updated as a group, gaining efficiency.

» Descriptor Sets are activated when the Command Buffer is filled. Different values for
the uniform buffer variables can be toggled by just swapping out the Descriptor Set that
points to GPU memory, rather than re-writing the GPU memory.

* Values for the shaders’ uniform buffer variables can be compartmentalized into what
quantities change often and what change seldom (scene-level, model-level, draw-
level), so that uniform variables need to be re-written no more often than is necessary.

for( each scene )

{
Bind Descriptor Set #0
for( each object )

Bind Descriptor Set #1
for( each draw )

Bind Descriptor Set #2
Do the drawing

Descriptor Sets 116

Our example will assume the following shader uniform variables:

/I non-opaque must be in a uniform block:
layout( std140, set = 0, binding = 0 ) uniform matBuf

{
mat4 uModelMatrix;
mat4 uViewMatrix;
mat4 uProjectionMatrix;
mat3 uNormalMatrix;

} Matrices;

layout( std140, set = 1, binding = 0 ) uniform lightBuf
{
vec4 uLightPos;
} Light;
layout( std140, set = 2, binding = 0 ) uniform miscBuf
float uTime;
int  uMode;

} Misc;

layout( set = 3, binding = 0 ) uniform sampler2D uSampler;

PN N
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CPU:

Descriptor Sets

GPU:

Uniform data created in a
C++ data structure

| Uniform data in a “blob™

. Knows the CPU data structure
. Knows where the data starts
. Knows the data’s size

. Knows where the data starts
. Knows the data’s size
. Doesn’t know the CPU or GPU data structure

117

GPU:

Uniform data used in
the shader

+  Knows the shader data structure
Doesn’t know where each piece of data starts

struct matBuf

{
glm::mat4 uModelMatrix;
glm::mat4 uViewMatrix;
glm::mat4 uProjectionMatrix;
glm::mat3 uNormalMatrix;

I3

1011100101010111110100010
0001011101101011101001101
1001100000011101011110011
1011010011001011111010111
0011011010100000100100011
1101000100101010101001111
1100100001110010101010011
0001101101011011111011111
1111100110101010000101110

layout( std140, set = 0, binding = 0 ) uniform matBuf

mat4 uModelMatrix;
mat4 uViewMatrix;
mat4 uProjectionMatrix;
mat3 uNormalMatrix;

1010001111010111101'

struct lightBuf

glm::vec4 uLightPos;

I3

struct miscBuf
float uTime;
int uMode;

1100110010001101000101001
>11010111010011000114
1010010010001101011000
0000111110001100001000001
1011001110101000111010001
1001100110010000110000110
0111100100111101001000100
1011001110001011100000010
1000010111111010111110011
1000101110000110011101001
1110011111011101111111101
1111101001111011110101111
0010101000000111100100110
0111001111101001011001110
1100111000110110001111011
0000111110001110010110010
0111001101011101110010100

" AsiA2o19

BRISBANE

* “binary large object”

} M§ces
layd(t( std140, set = 1, binding = 0 ) uniform lightBuf
{

vec4 uLightPos;
} Light;

layout( std140, set = 2, binding = 0 ) uniform miscBuf

float uTime;
int uMode;
} Misc;

layout( set = 3, binding = 0 ) uniform sampler2D uSampler;

mjb - September 11, 2019

Step 1: Descriptor Set Pools 118

You don't allocate Descriptor Sets on the fly — that is too slow.
Instead, you allocate a “pool” of Descriptor Sets and then pull from that pool later.

poolSlzeCounl | poolSizes

//

| VkDescriptorPoolCreatelnfo

device
AN

| vkCreateDescriptorPool( ) |

| flags ‘ | maxSets

| DescriptorSetPool ‘

" AsiA2o19
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VkResult
Init13DescriptorSetPool( )

VkResult result;

VkDescriptorPoolSize @

vdps[0].type = VK_DESCRIPTOR TJ**E~UNIFORM_BUFFER;
vdps[0].descriptorCount = 1;
vdps[1].type = VK_DESCRIPTOR_JYPE_UNIFORM_BUFFER;
vdps[1].descriptorCount = 1;
vdps[2].type = VK_DESCRIPTOR_['YPE_UNIFORM_BUFFER;
vdps[2].descriptorCount = 1;
vdps[3].type = VK_DESCRIPTOR [TYPE_COMBINED_IMAGE_SAMPLER;
vdps[3].descriptorCount = 1;

#ifdef CHOICES
VK_DESCRIPTOR_TYPE_SAMPLER
VK_DESCRIPTOR_TYPE_SAMPLED_IMAGE
VK_DESCRIPTOR_TYPE_COMBINED_IMAGE_SAMPLER
VK_DESCRIPTOR_TYPE_STORAGE_IMAGE
VK_DESCRIPTOR_TYPE_UNIFORM_TXEL_BUFFER
VK_DESCRIPTOR_TYPE_STORAGE_

#endif
VkDescriptorPoolCreatelnfo m
vdpci.sType = VK_STRUCJURE_TYPE-RESCRIPTOR_POOL_CREATE_INFO;
vdpci.pNext = nullptr;

vdpci.flags = 0;
vdpci.maxSets = 4;
vdpci.poolSizeCount = 4;
vdpci.pPoolSizes = &vdps[0];

result = vkCreateDescriptorPool( LogicalDevice, IN &vdpci, PALLOCATOR, OUT &DescriptorPool);
return result;

mjb - September 11, 2019

Step 2: Define the Descriptor Set Layouts

| think of Descriptor Set Layouts as a kind of “Rosetta Stone” that allows the Graphics
Pipeline data structure to allocate room for the uniform variables and to access them.
i

120

I layout( std140, set = 0, binding = 0 ) uniform matBuf
{

mat4 uModelMatrix;
mat4 uViewMatrix;
mat4 uProjectionMatrix;
mat3 uNormalMatrix;

} Matrices;

[ layout( std140, set = 1, binding = 0 ) uniform lightBuf
{

vec4 uLightPos;
} Light;

[ layout( std140, set = 2, binding = 0 ) uniform miscBuf
float uTime;

int uMode;
} Misc;

https://www.britishmuseum.org

\kayout( set = 3, binding = 0 ) uniform sampler2D uSampler; _I

9/11/2019
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MatrixSet DS Layout Binding 't DS Layout Binding: }&\cSet DS Layout T Set DS Lay ,/ i
binding /  binding N\ binding binding |
descriptorType descriptorType descriptorType descriptorType
descriptorCount descriptorCount descriptorCount descriptorCount
pipeline stage(s) pipeline stage(s) pipeline stage(s) pipeline stage(s)
set=0 set=1 set=2 set=3

mjb — September 11, 2019
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VkResult
Init13DescriptorSetLayouts( )

VkResult result;

1/DS #0:
VkDescriptorSetlLayoutBinding

MatrixSet[0].descriptorType
MatrixSet[0].descriptorCount
MatrixSet[0].stageFlags

1/ DS #1:
VkDescriptorSetlLayoutBinding

LightSet[0].descriptorType
LightSet[0].descriptorCount
LightSet[0].stageFlags

1/DS #2:
VkDescriptorSetlLayoutBinding

MiscSet[0].descriptorType
MiscSet[0].descriptorCount
MiscSet[0].stageFlags

1/ DS #3:
VkDescriptorSetlLayoutBinding
TexSamplerSet[0].binding

MatrixSet[0].binding =0;
= VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER;

LightSet[0].binding =0;

TexSamplerSet[0].descriptorType
TexSamplerSet[0].descriptorCount = 1;
TexSamplerSet[0].stageFlags
TexSamplerSet[0].plmmutableSamplers = (VkSampler *)nullptr;

MatrixSet[1];

=1;
= VK_SHADER_STAGE_VERTEX_BIT;

MatrixSet[0].plmmutableSamplers = (VkSampler *)nullptr;

LightSet[1];

= VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER,;
=1;

MiscSet[1];

MiscSet[0].binding =0;

= VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER;
=1;

TexSamplerSet[1];

= VK_SHADER_STAGE_FRAGMENT_BIT;

=VK_SHADER_STAGE_VERTEX_BIT | VK_SHADER_STAGE_FRAGMENT_BIT;
LightSet[0].plmmutableSamplers = (VkSampler *)nullptr;

= VK_SHADER_STAGE_VERTEX_BIT | VK_SHADER_STAGE_FRAGMENT_BIT;
MiscSet[0].plmmutableSamplers = (VkSampler *)nullptr;

= VK_DESCRIPTOR_TYPE_COMBINED_IMAGE_SAMPLER;

uniform sampler2D uSampler;
vec4 rgba = texture( uSampler, vST );

T

* ASIA219
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Step 2: Define the Descriptor Set Layouts

122

MatrixSet DS Layout Binding: LightSet DS Layout Binding: MiscSet DS Layout DS Layout Bindi
binding binding binding binding
descriptorType descriptorType descriptorType descriptorType
descriptorCount descriptorCount descriptorCount descriptorCount
pipeline stage(s) pipeline stage(s) pipeline stage(s) pipeline stage(s)
set=0 set=1 set=2 set=3

vdslc0 DS Layout CI:

vdslc1 DS Layout CI:

vdslc2 DS Layout CI:

vdslc3 DS Layout CI:

bindingCount
type
number of that type
pipeline stage(s)

bindingCount
type
number of that type
pipeline stage(s)

bindingCount
type
number of that type
p|pel|ne stage(s)

bindingCount
type
number of that type
pipeline stage(s)

/ e ASIA 2219
BRISBANE
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Array of Descriptor
Set Layouts

Pipeline Layout
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123

VkDescriptorSetLayoutCreatelnfo vdslcO0;
vdslc0.sType = VKfsTRUCTUREjng;f CRIPTOR_SET_LAYOUT_CREATE_INFO;

vdslc0.pNext = nullptr;
vdslc0.flags = 0;
vdslc0.bindingCount = 1;
vdslc0.pBindings = &MatrixSet[0];

’

VkDescriptorSetLayoutCreatelnfo
vdsic1.sType = VK_STRUCTURE_TYPE_DESCRIPTOR_SET_LAYOUT_CREATE_INFO;
vdslc1.pNext = nullptr;
vdslc1.flags = 0;
vdslc1.bindingCount = 1;
vdslc1.pBindings = &LightSet[0];

VkDescriptorSetLayoutCreatelnfo
vdslc2.sType = VK_STRUCTURE_TYPE=D RIPTOR_SET_LAYOUT_CREATE_INFO;
vdslc2.pNext = nullptr;
vdslc2.flags = 0;
vdslc2.bindingCount = 1;
vdslc2.pBindings = &MiscSet[0];

!

VkDescriptorSetlLayoutCreatelnfo
vdslc3.sType = VK_STRUCTURE_TYPE—BESCRIPTOR_SET_LAYOUT_CREATE_INFO;
vdslc3.pNext = nullptr;
vdslc3.flags = 0;
vdslc3.bindingCount = 1;
vdslc3.pBindings = & TexSamplerSet[0];

¢

result = vkCreateDescriptorSetLayout( LogicalDevice AN &vdslch, PALLOCATOR, OUT &DescriptorSetLayouts[0]
result = vkCreateDescriptorSetLayout( LogicalDevice/ IN &vdslc1,PALLOCATOR, OUT &DescriptorSetLayouts[1]
(
(

result = vkCreateDescriptorSetLayout( LogicalDevice, IN &vdslc2, PALLOCATOR, OUT &DescriptorSetLayouts[2]
result = vkCreateDescriptorSetLayout( LogicalDevice NN &vdslc3/ PALLOCATOR, OUT &DescriptorSetLayouts[3]

return result;

* ASIA29
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Step 3: Include the Descriptor Set Layouts in a Graphics Pipeline Layout

124

VkResult
Init14GraphicsPipelineLayout( )

VkResult result;

VkPipelineLayoutCreatelnfo
vplci.sType = VK_STRUCTURE_TYPE_PIRELINE_LAYOUT_CREATE_INFO;

vplci.pNext = nullptr;
vplci.flags = 0;
ci.setLayoutCount = 4;
i.pSetLayouts = &DescriptorSetLayou
vplci.pushConstantRangeCoun B
vplci.pPushConstantRanges = (VkPushConstant!

nge *)nullptr;
result = vkCreatePipelineLayout( LogicalDevice, IN &vplci, PALLOCATOR, OUT &GraphicsPipelineLayout );

return result;

PN N
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Step 4: Allocating the Memory for Descriptor Sets

125

VkResult
Init13DescriptorSets( )

VkResult result;

VkDescriptorSetAllocatelnfo @

vdsai.sType = VK_STRUCTUR =
vdsai.pNext = nullptr;
vdsai.descriptorPool = DescriptorPool;
vdsai.descriptorSetCount = 4;
vdsai.pSetLayouts = DescriptorSetLayouts;

result = vkAllocateDescriptorSets( LogicalDevice, IN &vdsai, OUT &DescriptorSets[0] );

DESCRIPTOR_SET_ALLOCATE_INFO;

> VI
4. ASIA2719
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Step 5: Tell the Descriptor Sets where their CPU Data is

126

VkDescriptorBufferlnfo vdbi0;
vdbi0.buffer = MyMatrixUniformBuffer.buffer;
vdbi0.offset = 0;
vdbi0.range = sizeof(Matrices);

VkDescriptorBufferlnfo vdbi1;
vdbi1.buffer = MyLightUniformBuffer.buffer;
vdbi1.offset = 0;
vdbi1.range = sizeof(Light);

VkDescriptorBufferlnfo vdbi2;
vdbi2.buffer = MyMiscUniformBuffer.buffer;
vdbi2.offset = 0;
vdbi2.range = sizeof(Misc);

VkDescriptorimagelnfo vdii0;
vdii.sampler = MyPuppyTexture.texSampler;
vdii.imageView = MyPuppyTexture.teximageView;

This struct identifies what buffer it
owns and how big it is

This struct identifies what buffer it
owns and how big it is

This struct identifies what buffer it
owns and how big it is

This struct identifies what texture
sampler and image view it owns

vdii.imageLayout = VK_IMAGE_LAYOUT_SHADER_READ_ONLY_OPTIMAL;

PN N
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Step 5: Tell the Descriptor Sets where their CPU Data is

VkWriteDescriptorSet vwdsO0;

VkWriteDescriptorSet vwds1;

This struct links a Descriptor
11ds 0: Set to the buffer it is pointing tto

vwds0.sType = VK_STRUCTURE_TYPE_WRITE_DESCRIPTOR_SET;
vwds0.pNext = nullptr;

vwds0.dstSet = DescriptorSets[0];

vwds0.dstBinding = 0;

vwds0.dstArrayElement = 0;

vwds0.descriptorCount = 1;

vwds0.descriptorType = VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER;
vwdsO0.pBufferinfo = IN &vdbi0;

vwds0.plmagelnfo = (VkDescriptorlmagelnfo *)nullptr;
vwds0.pTexelBufferView = (VkBufferView *)nullptr;

This struct links a Descriptor
/lds 1: Set to the buffer it is pointing tto

vwds1.sType = VK_STRUCTURE_TYPE_WRITE_DESCRIPTOR_SET;
vwds1.pNext = nullptr;

vwds1.dstSet = DescriptorSets[1];

vwds1.dstBinding = 0;

vwds1.dstArrayElement = 0;

vwds1.descriptorCount = 1;

vwds1.descriptorType = VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER;
vwds1.pBufferinfo = IN &vdbi1;

vwds1.plmagelnfo = (VkDescriptorimagelnfo *)nullptr;
vwds1.pTexelBufferView = (VkBufferView *)nullptr;

Sheh
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Step 5: Tell the Descriptor Sets where their data is

. . . This struct links a Descriptor
\/kW;;tzlé)e;crlpturSet vwds2; Set to the buffer it is pointing tto

vwds2.sType = VK_STRUCTURE_TYPE_WRITE_DESCRIPTOR_SET;

vwds2.pNext = nullptr;

vwds2.dstSet = DescriptorSets[2];

vwds2.dstBinding = 0;

vwds2.dstArrayElement = 0;

vwds2.descriptorCount = 1;

vwds2.descriptorType = VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER;

vwds2.pBufferinfo = IN &vdbi2;

vwds2.plmagelnfo = (VkDescriptorimagelnfo *)nullptr;

vwds2.pTexelBufferView = (VkBufferView *)nullptr;

This struct links a Descriptor Set
/lds 3: to the image it is pointing to
VkWriteDescriptorSet vwds3;

vwds3.sType = VK_STRUCTURE_TYPE_WRITE_DESCRIPTOR_SET;
vwds3.pNext = nullptr;

vwds3.dstSet = DescriptorSets[3];

vwds3.dstBinding = 0;

vwds3.dstArrayElement = 0;

vwds3.descriptorCount = 1;

vwds3.descriptorType = VK_DESCRIPTOR_TYPE_COMBINED_IMAGE_SAMPLER;
vwds3.pBufferinfo = (VkDescriptorBufferinfo *)nullptr;

vwds3.plmagelnfo = IN &vdii0;

vwds3.pTexelBufferView = (VkBufferView *)nullptr;

uint32_t copyCount = 0;
/I this could have been done with one call and an array of VkWriteDescriptorSets:

vkUpdateDescriptorSets( LogicalDevice, 1, IN &wds0, IN copyCount, (VkCopyDescriptorSet
vkUpdateDescriptorSets( LogicalDevice, 1, IN &vwds1, IN copyCount, (VkCopyDescriptorSet
vkUpdateDescriptorSets( LogicalDevice, 1, IN &vwds2, IN copyCount, (VkCopyDescriptorSet
vkUpdateDescriptorSets( LogicalDevice, 1, IN &vwds3, IN copyCount, (VkCopyDescriptorSet

*)nullptr );
*)nullptr );
*)nullptr )
*)nullptr );

PR
/- ASIA2a9
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Step 6: Include the Descriptor Set Layout when Creating a Graphics Pipeline 129

VkGraphicsPipelineCreatelnfo
vgpci.sType = VK_STRUCTURE_TYP
vgpci.pNext = nullptr;
vgpci.flags = 0

#ifdef CHOICES

VK_PIPELINE_CREATE_DISABLE_OPTIMIZATION_BIT

VK_PIPELINE_CREATE_ALLOW_DERIVATIVES_BIT

VK_PIPELINE_CREATE_DERIVATIVE_BIT

#endif

PHICS_PIPELINE_CREATE_INFO;

vgpci.stageCount = 2; /I number of staggs in this pipeline
vgpci.pStages = vpssci;
vgpci.pVertexInputState = &vpvisci;
vgpci.plnputAssemblyState = &vpiasci;
vgpci.pTessellationState = (VkPipelineTessellationStateCreateé{nfo *)nullptr;
vgpci.pViewportState = &vpvsci;

vgpci.pRasterizationState = &vprsci;

vgpci.pMultisampleState = &vpmsci;

vgpci.pDepthStencilState = &vpdssci;

vgpci.pColorBlendState = &vpcbsci;

vgpci.pDynamicState = &vpdsci;

vgpci.layout = IN GraphicsPipelineLayout;

vgpci.renderPass = IN RenderPass;

vgpci.subpass = 0; 1/l subpass number
vgpci.basePipelineHandle = (VkPipeline) VK_NULL_HANDLE;
vgpci.basePipelinelndex = 0;

result = vkCreateGraphicsPipelines( LogicalDevice, VK_NULL_HANDLE, 1, IN &vgpci,
PALLOCATOR, OUT &GraphicsPipeline );

" ASIA2719
BRISBANE mjb— September 11, 2019

Step 7: Bind Descriptor Sets into the Command Buffer when Drawing 130

Descriptor Set

plpehneBmdent graphicsPipelineLayout | | descriptorSetCount ‘
cmdBuﬁer /

kamdBlndDescnptorSets() |/

vkCmdBindDescriptorSets( CommandBuffers[nextimagelndex],
VK_PIPELINE_BIND_POINT_GRAPHICS, GraphicsPipelineLayout,
0, 4, DescriptorSets, 0, (uint32_t *)nullptr );

So, the Pipeline Layout contains the structure of the Descriptor Sets.
Any collection of Descriptor Sets that match that structure can be bound into that pipeline.

" AsiA2o19
BRISBANE
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131
G
ulkan.
Textures
Mike Bailey
mjb@cs.oregonstate.edu
A e http://cs.oregonstate.edu/~mjb/vulkan
ASIA 21
BRISBANE Textures.pptx mjb - September 11, 2019
Triangles in an Array of Structures 132
2 3
struct vertex o
glm::vec3 position; 6
glm::vec3 normal; N
glm;;ve olor;
b
struct vertex VertexData[ ] = 1
{
Il triangle 0-2-3:
Il vertex #0:
{
{1.,-1.,-1.},
{0,0,-1.},
0.0,0.}
h
Il vertex #2:
{
{1, 1,1},
{0,0,-1.},
0 0.},
h
Il vertex #3:
{
{1, 1,1},
{0,0,-1.},
1.1,0.},
h m
1+ AsiA 209
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Memory Types 133
CPU Memory GPU Memory
i
1
1
1
1
1
i
Host ! Device
Visible 1 Local
GPU Memory H GPU Memory
i
1
1
1
1
1
! [
memepy memepy Texture
Sampling
Hardware
RGBA to
the Shader
" ASIAZ719
BRISBANE mjb — September 11, 2019
Memory Types 134

NVIDIA Discrete Graphics:

11 Memory Types:
Memory 0:
Memory
Memory
Memory
Memory
Memory
Memory
Memory 7: DevicelLocal

Memory 8: DevicelLocal

Memory 9: HostVisible HostCoherent

Memory 10: HostVisible HostCoherent HostCached

QRN O

Intel Integrated Graphics:

3 Memory Types:

Memory 0: DevicelLocal

Memory 1: DeviceLocal HostVisible HostCoherent

Memory 2: DevicelLocal HostVisible HostCoherent HostCached

" ASIAZZ9
BRISBANE
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Texture Sampling Parameters

glTexParameteri
glTexParameteri
glTexParameteri
glTexParameteri

GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT );
GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR );
GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR );

VkSamplerCreatelnfo vsciD
vsci.magFilter = VK_FILTER_LINEAR;

vsci.minFilter = VK_FILTER_LINEAR;
vsci.mipmapMode = VK_SAMPLER |MIPMAP_MODE_LINEAR;

vsci.addressModeU = VK_SAMPLER |ADDRESS_MODE_REPEAT;
vsci.addressModeV = VK_SAMPLER |ADDRESS_MODE_REPEAT;
vsci.addressModeW = VK_SAMPLER _JADDRESS_MODE_REPEAT;

result = vkCreateSampler( LogicalDevice, IN &vsci, PALLOCATOR, pTextureSampler );

135

OpenGL
GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT ); L_pe

Vulkan

" AsiA2o19
BRISBANE
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Texture Mip*-mapping

Average 4 pixels to
make a new one

/

7
RGBA, RGBA,|RGBA, RGBA, RGBA,
RGBA, RGBA,|RGBA, RGBA, RGBA,
RGBA, RGBA,RGBA, RGBA, RGBA,
RGBA, RGBA, RGBA, RGBA, RGBA,
RGBA, RGBA, RGBA, RGBA, RGBA,
RGBA, RGBA,RGBA, RGBA, RGBA,

Average 4 pixels to
make a new one

RGBA|RGEA, RGBA, RGBA, RGEA,
RGBA, RGBA, R

:GBA, RGBA, RGBA,

Average 4 pixels to
make a new one
RGBA, RGBA,RGBA, RGBA, RGBA,

RGBA, RGBA, RGBA, RGBA, RGEA.

RGBA, RGBA, RGBA, RGBA, RGBA, RGBA, AGBA, ROBA, ROBA, RGBA,
RGBA, RGBA, RGBA, RGBA, RGBA, gg: 225:1%?;\ F;%BB; r;saeaf‘
RGBA, RGBA, RGBA, RGBA, RGBA, RGBA, RGBA, RGBA, RGBA, RGBA. ‘

» Total texture storage is ~ 2x what it was without mip-mapping

This is known as VK_SAMPLER_MIPMAP_MODE_LINEAR.

" AsiA2o19
BRISBANE

136

» Graphics hardware determines which level to use based on the texels : pixels ratio.

» In addition to just picking one mip-map level, the rendering system can sample from two of
them, one less that the T:P ratio and one more, and then blend the two RGBAs returned.

* Latin: multim in parvo, “many things in a small place”

mjb - September 11, 2019
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VkResult
Init07TextureSampler( MyTexture * pMyTexture )
VkResult result;
VkSamplerCreatelnfo vsci;

vsci.sType = VK_STRUCTURE _TYPE R_CREATE_INFO;
i nullptr;

VK_FILTER_LINEAR;
vsci.minFiter = VK_FILTER_LINEAR;
vsci.mipmapMode = VK_SAMPLER_MIPMAP_MODE_LINEAR;
vsci.addressModeU = VK_SAMPLER_ADDRESS_MODE_REPEAT;
vsci.addressModeV = VK_SAMPLER_ADDRRESS_MODE_REPEAT;
vsci.addressModeW = VK_SAMPLER_ADDRESS_MODE_REPEAT;

#ifdef CHOICES

VK_SAMPLER_ADDRESS_MODE_REPEAT

VK_SAMPLER_ADDRESS_MODE_MIRRORED_REFEAT

VK_SAMPLER_ADDRESS_MODE_CLAMP_TO_EDG

VK_SAMPLER_ADDRESS_MODE_CLAMP_TO_BORDER

VK_SAMPLER_ADDRESS_MODE_MIRROR_CLAMF TO_EDGE

#ondif

™

vsci.mipLodBias = 0.;
vsci.anisotropyEnable = VK_FALSE;
vsci.maxAnisotropy = 1.;
vsci.compareEnable = VK_FALSE;
vsci.compareOp = VK_COMPARE_OP_NEVER;

#ifdef CHOICES

VK_COMPARE_OP_NEVER

VK_COMPARE_OP_LESS

VK_COMPARE_OP_EQUAL

VK_COMPARE_OP_LESS_OR_EQUAL

VK_COMPARE_OP_GREATER

VK_COMPARE_OP_NOT_EQUAL

VK_COMPARE_OP_GREATER_OR_EQUAL

VK_COMPARE_OP_ALWAYS

#ondif

vsci.minLod =

vsci.maxLod =0.;

vsci.borderColor = VK_BORDER_COLOR_F{OAT_OPAQUE_BLACK;
#ifdef CHOICES
VK_BORDER_COLOR_FLOAT_TRANSPARENT_BLAEK
VK_BORDER_COLOR_INT_TRANSPARENT_BLACK
VK_BORDER_COLOR_FLOAT_OPAQUE_BLACK
VK_BORDER_COLOR_INT_OPAQUE_BLACK
VK_BORDER_COLOR_FLOAT_OPAQUE_WHITE
VK_BORDER_COLOR_INT_OPAQUE_WHITE
#ondif

vsci.unnormalizedCoordinates = VK_FALSE; /I VK_TRUE means we are use raw texels as the index
n

VK_FALSE nfeans we are using the usual 0. - 1.

result = vkCreateSampler( LogicalDevice, IN &vsci, PALLOCATOR, OUT &pMyTexture->texSampler );

o= 11,2019
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VkResult
Init07TextureBuffer( INOUT MyTexture * pMyTexture)

VkResult result;

uint32_t texWidth = pMyTexture->width;;

uint32_t texHeight = pMyTexture->height;

unsigned char *texture = pMyTexture->pixels;

VkDeviceSize textureSize = texWidth * texHeight * 4; Il rgba, 1 byte each

Vkimage staginglmage;
Vkimage texturelmage;

/1 this first {...} is to create the staging image:
4

VkimageCreatelnfo
vici.sType = VK_STRUC
vici.pNext ullptr;
vici.flags = 0;
vici.imageType = VK_IMAGE_TYPE_2D;
vici.format = VK_FORMAT_R8G8B8A8_UNORM;
vici.extent.width = texWidth;
vici.extent.height = texHeight;
vici.extent.deptt
vici.mipLevels = 1;
vici.arrayLayers = 1;
vici.samples = VK_SAMPLE_COUNT.
vici.tiling = VK_IMAGE_TILING_LINEA!

#ifdeflCHOICES

VK_IMAGE_TILING_OPTIMAL

VK_IMAGE_TILING_LINEAR

#end

_IMAGE_CREATE_INFO;

BIT;

vici.usage = VK_IMAGE_USAGE_TRANSFER_SRC_BIT;
#ifdeflCHOICES

VK_IAGE_USAGE_TRANSFER_SRC_BIT
VK_IMAGE_USAGE_TRANSFER_DST_BIT
VK_IAGE_USAGE_SAMPLED_BIT
VK_IMAGE_USAGE_STORAGE_BIT
VK_IAGE_USAGE_COLOR_ATTACHMENT_BIT
VK_IMAGE_USAGE_DEPTH_STENCIL_ATTACHMENT_BIT
VK_IMAGE_USAGE_TRANSIENT_ATTACHMENT_BIT
VK_IMAGE_USAGE_INPUT_ATTACHMENT_BIT

vici.sharingMode = VK_SHARING_MODE_EXCLUSIVE;

mjb — September 11, 2019
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#ifdef[CHOICES
VK_INAGE_LAYOUT_UNDEFINED
VK_INAGE_LAYOUT_PREINITIALIZED
#endi
vici.queueFamilylndexCount = 0;
vici.pQueueFamilyindices = (const uint3_t *)nullptr;

result = vkCreatelmage(LogicalDevice, IN &vici, PALLOCATOR, OUT &staginglmage); / allocated, but not filled

VkMemoryRequirements vmr;
vkGetimageMemoryRequirements( LogicalDevice, IN stagingimage, OUT &vmr);

if (Verbose)
{

fprintf(FpDebug, "Image vmr.size = %lid\n", vmr.size);
fprintf(FpDebug, "Image vmr.alignment = %lid\n”, vmr.alignment);
fprintf(FpDebug, "Image vmr.memoryTypeBits = 0x%08x\n", vmr.memoryTypeBits);
fllush(FpDebug):

}

VkMemoryAllocatelnfo
vmai.sType = VK_STRUC gE_MEMORY_ALLOCATE_INFO;
vmai.pNext = nullptr;
vmai.allocationSize = vmr.size;

VkDeviceMemor
result = vkAllocateMemory( L9 e gaai, PALLOCATOR, OUT &vdm);
pMyTexture->vdm = vdm;

result = vkBindimageMemory( LogicalDevice, IN stagingimage, IN vdm, 0); // 0 = offset

1/ we have now created the staging image - fill it with the pixel data:

VkimageSubresource
vis.aspectMask = VK_IMA

vis.mipLevel =
vis.arrayLaye

VkSubresourceLayout vsl;
vkGetimageSubresourceLayout( LogicalDevice, stagingimage, IN &vis, OUT &vsl);

if (Verbose)
{

fprintf(FpDebug, "Subresource Layout:\n");
fprintf(FpDebug, "\toffset = %lid\n", vsl.offset);
fprintf(FpDebug, "\tsize = %lid\n", vsL.size);
fprintf(FpDebug, "\trowPitch = %lld\n", vsL.rowPitch);
fprintf(FpDebug, "\tarrayPitch = %lid\n", vsl.arrayPitch);
fprintf(FpDebug, "\tdepthPitch = %lid\n", vsl.depthPitch);
fllush(FpDebug):

139

er 11, 2019

void * gpuMemory;
vkMapMemory( LogicalDevice, vdm, 0, VK_WHOLE_SIZE, 0, OUT &gpuMemory);
110 and 0 = offset and memory map flags

if (vsl.rowPitch == 4 * texWidth)
{

memcpy(gpuMemory, (void *)texture, (size_t)textureSize);
else
{

unsigned char *gpuBytes = (unsigned char *)gpuMemory;

for (unsigned inty = 0; y < texHeight; y++)

{

memcpy(&gpuBytes[y * vsl.rowPitch], &texture[4 * y * texWidth], (size_t)(4*texWidth) );

}

vkUnmapMemory( LogicalDevice, vdm);

* ASIA29
BRISBANE
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s second {...} is to create the actual texture image:

"
11 this
"

VkimageCreatelnfo @

vici.sType = VK_STRUCTU

vici.pNext = nullptr;

vici.flags = 0;

vici.imageType = VK_IMAGE_"

vici.format = VK_FORMAT_R8G!

vici.extent.width = texWidtl

vici.extent.height = texHeight;

vici.extent.depth

vici.mipLevels =

vici.arrayLayers = 1;

vici.samples = VK_SAMPLE_COUNY _1_BIT;

vici.tiling = VK_IMAGE_TILING_OPTMAL;

vici.usage = VK_IMAGE_USAGE_TRANSFER_DST_BIT | VK_IMAGE_USAGE_SAMPLED_BIT;
I/ because we are transferring into it and will eventual sample from it

vici.sharingMode = VK_SHARING_M@DE_EXCLUSIVE;

vici.initialLayout = VK_IMAGE_LAYOUT_PREINITIALIZED;

vici.queueFamilyindexCount = 0;

vici.pQueueFamilylndices = (const uint§2_t *)nullptr;

. IMAGE_CREATE_INFO;

E_2D;
8A8_UNORM;

result = vkCreatelmage(LogicalDevice, IN &vici, PALLOCATOR, OUT &texturelmage); // allocated, but not filled

VkMemoryRequirements vmr;
vkGetimageMemoryRequirements( LogicalDevice, IN texturelmage, OUT &vmr);

if( Verbose )

fprintf( FpDebug, "Texture vmr.size = %lld\n", vmr.size );

fprintf( FpDebug, "Texture vmr.alignment = %lid\n", vmr.alignment );

fprintf( FpDebug, "Texture vmr.memory TypeBits = 0x%08x\n", vmr.memory TypeBits );
fflush( FpDebug );

VkMemoryAllocatelnfo
vmai.sType = VK_STRUCTD
vmai.pNext = nullptr;
vmai.allocationSize = vmr.size;
vmai.memoryTypelndex = FindMemoryqhatlsDeviceLocal( ); // because we want to sample from it

VkDeviceMemory @
result = vkAllocateMemory( LoYiealBetice, |

result = vkBindimageMemory( LogicalDevice, IN texturelmage, INVdm, 0); /0 = offset

YPE_MEMORY_ALLOCATE_INFO;

i PALLOCATOR, OUT &vdm);

141
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1l copy pixels from the staging image to the texture:

VkCommandBufferBegininfo @
vebbi.sType = VK_STRUCTURI
vebbi.pNext = nullptr;
vebbi.flags = VK_COMMAND_BUFFER_USAGENQNE_TIME_SUBMIT_BIT;
vebbi.plnherif = (VKC Ir i *)nullptr;

OMMAND_BUFFER_BEGIN_INFO;

result = i ( TextureCi iffer, IN &vcbbi);

"
/I transition the staging buffer layout:

VkimageSubresourceRange @

visr.aspectMask = VK_IMAGE_A CJl_COLOR_BIT;
visr.baseMipLevel = 0;

visr.levelCount = 1;
visr.baseArrayLayer = 0;
visr.layerCount = 1;

VklmageMemoryBarrier
vimb.sType = VK_STRUCT!
vimb.pNext = nullptr;
vimb.oldLayout = VK_IMAGE_LAYOUT_PREINITIALIZED;
vimb.newLayout = VK_IMJIGE_ AYOUT_TRANSFER_SRC_OPTIMAL;
vimb.srcQueueFamilylndgx = \K_QUEUE_FAMILY_IGNORED;

K_QUEUE_FAMILY_IGNORED;

_IMAGE_MEMORY_BARRIER;

vimb.image = staginglnfag
vimb.srcAccessMask 7 VK,
vimb.dstAccessMask /= 0;

vimb.subresourceRghge = visr;

(CCESS_HOST_WRITE_BIT;

vkCmdPi| ief( TextureCc

VK_PIPELINE_STAGE_HOST_BIT, VK_PIPELINE_STAGE_HOST_BIT, 0,
0, (VkMemgryBarrier *)nullptr,

0, (VkBuffgrMemoryBarrier *)nullptr,

1, IN &vimb );

* ASIA29
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n
I/ transition the texture buffer layout:

VklmageSubresourceRange @
visr.aspectMask = VK IMAGE_A8R&€T_COLOR_BIT;
visr.baseMipLevel
visr.levelCount = 1;
visr.baseArraylLayer = 0;
visr.layerCount = 1;

VklmageMemoryBarrier
vimb.sType = VK_STRUCTL
vimb pNext = nu\lplr

vimb. schueueFamllyl dex = KﬁQUEUEiFAMILYJGNORED
vlmb.dsloueueFam\I K_QUEUE_FAMILY_IGNORED;

sk VK ACCESS_TRANSFER_WRITE_BIT;
Range = visr;

vimb.subresourge

vkCmdPipeli TextureC dBuffer,
VK PIF‘ELI?E STAGE ._TOP_OF_PIPE_E BIT VK_PIPELINE_STAGE_TRANSFER_BIT, 0,

0, (VkMengoryBarrier *)nullptr,
0, (VkBuMferMemoryBarrier *)nullptr,
1, IN &vimb);

/I now do the final image transfer:

VklmageSubresourcelLayers visl;
visl.aspectMask = VK_| IMAGE ASPECT_COLOR_BIT;
visl.baseArraylLayer =
visl.mipLevel = 0;
visl.layerCount = 1;

VkOffset3D vo3;

VKExtent3D ve3;
ve3.width = texWidth;
ve3.height = texHeight;
ve3.depth =

Jb — Septer

nber 11, 2019
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VklmageCopy
vic.srcSubresource = Vit
vic.srcOffset = vo3;
vic.dstSubresource = visl;
vic.dstOffset = vo3;
vic.extent = ve3;

vkCmdC TextureC
stagingimage, VK_IMAGE_LAYOUT_TRANSFER_SRC_OPTIMAL,
texturelmage, VK_IMAGE_LAYOUT_TRANSFER_DST_OPTIMAL, 1, IN &vic);

ASIA 2719
BRISBANE
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n
I/ transition the texture buffer layout a second time:

VklmageSubresourceRange @

visr.aspectMask = VK_IMAGE_ASPFCT_COLOR_BIT;
visr.baseMipLevel 3

visr.levelCount = 1;
visr.baseArrayLayer = 0;
visr.layerCount = 1;

VkimageMemoryBarrier qb

vimb.sType = VK_STRUCTYR PE_IMAGE_MEMORY_BARRIER;
vimb.pNext = nullptr;
vimb.oldLayout = VK_IMAGE_LJAYOUT_TRANSFER_DST_OPTIMAL;
vimb.newLayout = VK_IMAGE JLAYOUT_SHADER_READ_ONLY_OPTIMAL;
vimb.srcQueueFamilylgdex = YK_QUEUE_FAMILY_IGNORED;

i i K_QUEUE_FAMILY_IGNORED;

pryBarrier *)nullptr,

jerMemoryBarrier *)nullptr,
1, IN &vimb);
}
n
result = vkEndC TextureC )

VkSubmitinfo @
Setune

vsi.sType = VK_STRI g
vsi.pNext = nullptr;
vsi.commandBufferCount = 1;
vsi.pCommandBuffers = &Textur§CommandBuffer;
vsi.waitSemaphoreCount = 0;
vsi.pWaitSemaphores = (VkSemap
vsi.signalSemaphoreCount = 0;
vsi.pSignalSemaphores = (VkSemaghore *)nullptr;
vsi.pWaitD: kPi lags *)nullptr;

PE_SUBMIT_INFO;

hore *)nullptr;

result = vkQueueSubmit( Queue, 1, IN &vsi, VK_NULL_HANDLE );
result = vkQueueWaitldle( Queue );

145
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/I create an image view for the texture image:

VklmageSubresourceRange
visr.aspectMask = VK_IMAGE__
visr.baseMipLevel = 0;
visr.levelCount = 1;
visr.baseArrayLayer = 0;
visr.layerCount = 1;

" COLOR_BIT;

VkImageViewCreatelnfo ‘@

vivei.sType = VK_STRUCTUR PE_IMAGE_VIEW_CREATE_INFO;
vivci.pNext = nullptr;
vivci.flags = 0;

vivci.image = texturelmage;
vivci.viewType = VK_IMAGE,
vivci.format = VK_FORMAT_R

vivci.subresourceRange = visr;
result = vkCreatelmageView( LogicalDevice, IN &vivci, PALLOCATOR, OUT &pMyTexture->teximageView);

return result;

Note that, at this point, the Staging Buffer is no longer needed, and can be destroyed.

/-7 Asiazam
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Reading in a Texture from a BMP File

typedef struct MyTexture

uint32_t

uint32_t

Vkimage

VkimageView

VkSampler

VkDeviceMemory
} MyTexture;

MyTexture MyPuppyTexture;

width;

height;
texlmage;
texlmageView;
texSampler;
vdm;

147

result = Init06 TextureBufferAndFillFromBmpFile ( “pupp){bmp", &MyTexturePuppy);
Init06 TextureSampler( &MyPuppyTexture.texSampler );

PN N
4. ASIA2719
2 BRISBANE

This function can be found in the sample.cpp file. The BMP file needs to be created by something that
writes uncompressed 24-bit color BMP files, or was converted to the uncompressed BMP format by a
tool such as ImageMagick’s convert, Adobe Photoshop, or GNU’'s GIMP.

mjb - September 11, 2019

(Vu likan.

The Graphics Pipeline Data Structure

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mijb/vulkan
-/ | BRISBANE GraphicsPipeline.pptx
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B 4. The shaders get compiled the rest of the way when their Graphics Pipeline gets created.
4 ASIAZ79
. R mib — September 11, 2019

What is the Vulkan Graphics Pipeline? 149

Don’t worry if this is too small to read —
a larger version is coming up.

There is also a Vulkan Compute
Pipeline — we will get to that later.

Here’s what you need to know:

1.

2.

3.

The Vulkan Graphics Pipeline is like what OpenGL would call “The State”, or “The Context”. Itis a
data structure.
[P = gl i |—|

The Vulkan Graphics Pipeline is not the processes that OpenGL

would call “the graphics pipeline”. =
-' =l

For the most part, the Vulkan Graphics Pipeline is meant to be immutable — that is, once this
combination of state variables is combined into a Pipeline, that Pipeline never gets changed. To
make new combinations of state variables, create a new Graphics Pipelines.

The First Step: Create the Graphics Pipeline Layout 150

The Graphics Pipeline Layout is fairly static. Only the layout of the Descriptor Sets and
information on the Push Constants need to be supplied.

{

VkResult
Init14GraphicsPipelineLayout( )

VkResult result;

VkPipelineLayoutCreatelnfo

@ RPELINE_LAYOUT CREATE_INFO;

vplci.sType = VK_STRUCTURE_

vplci.pNext = nullptr;

vplci.flags = 0; Let the Pipeline Layout know
vplci.setLayoutCount = 4; — about the Descriptor Set and
vplci.pSetLayouts = &DescriptorSetLayouts{0]; Push Constant layouts.

vplci.pushConstantRangeCount = 0;
vplci.pPushConstantRanges = (VkPushConstantRange *)nullptr;

result = vkCreatePipelineLayout( LogicalDevice, IN &vplci, PALLOCATOR, OUT &GraphicsPipelineLayout );

return result;

" AsIA 2210
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Vulkan: A Pipeline Records the Following Items: 151

Pipeline Layout: DescriptorSets, PushConstants

Which Shaders are going to be used

Per-vertex input attributes: location, binding, format, offset

Per-vertex input bindings: binding, stride, inputRate

Assembly: topology

Viewport: x, y, w, h, minDepth, maxDepth

Scissoring: x, y, w, h

Rasterization: cullMode, polygonMode, frontFace, lineWidth

Depth: depthTestEnable, depthWriteEnable, depthCompareOp

Stencil: stencilTestEnable, stencilOpStateFront, stencilOpStateBack

Blending: blendEnable, srcColorBlendFactor, dstColorBlendFactor, colorBlendOp,
srcAlphaBlendFactor, dstAlphaBlendFactor, alphaBlendOp, colorWriteMask
DynamicState: which states can be set dynamically (bound to the command buffer,
outside the Pipeline)

Bold/lItalics indicates that this state item can also be set with Dynamic Variables

ASIA 27

219
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Descriptor Set
Layouts

VkPipelineLayoutCreatelnfo

Creating a Graphics Pipeline from a lot of Pieces 152

Push Constants

which stage (VERTEX, etc.) binding
stride

i location

VkShaderModule inputRate binding

/ format

— offset
|kareatePlpeIlneLayout() | | VkVertexInputBindingDescription | /

—— VkVertexInputAttributeDescription
VkPipelineShaderStageCreatelnio |
— / ipeli telnf | Topology
Veronpi St K/{ VkPipelinelnputAssemblyStateCreatelnfo

InputAssembly State 4 ort r):;ir{b:' ::1
Tesselation State VkViewportStateCreatelnfo P pth,
Viewport State <—1
VkPipelineRasterizationStateCreatelnfo \

maxDepth
Rasterization State <~

MultiSample State offset
extent

DepthStencil State <—
polygonMode

ColorBlend State
Dynamic State \ frontFace

+— Pipeline layout r i
RenderPass lineWidth
basePipelineHandle
basePipelinelndex

depthTestEnable
l VkPipelineColorBlendStateCreatelnfo | depthWriteEnable
depthCompareOp
VkGraph\csF‘ipelmeCreatelnf\ ‘ stencilTestEnable
stencilOpStateFront

tencilO|

VkPipelineDepthStencilStateCreatelnfo | cullMode

| VkPipelineColorBlendAttachmentState I

blendEnable
srcColorBlendFactor
dstColorBlendFactor

colorBlendOp

- N srcAlphaBlendFactor
VkPipelineDynamicStateCreatelnfo | dstAlphaBlendFactor

alphaBlendOp
| colorWriteMask

vkCreateGraphicsPipeline() |

mjb - September 11, 2019
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Creating a Typical Graphics Pipeline

153

VkResult
Init14GraphicsVertexFragmentPipeline( VkShaderModule vertexShader, VkShaderModule fragmentShader,
VkPrimitiveTopology topology, OUT VkPipeline *pGraphicsPipeline )

{

#ifdef ASSUMPTIONS
wibd[0].inputRate = VK_VERTEX_INPUT_RATE_VERTEX;
vprsci.depthClampEnable = VK_FALSE;
vprsci.rasterizerDiscardEnable = VK_FALSE;
vprsci.polygonMode = VK_POLYGON_MODE_FILL;
vprsci.cullMode = VK_CULL_MODE_NONE; // best to do this because of the projectionMatrix[1][1] *=-1.;
vprsci.frontFace = VK_FRONT_FACE_COUNTER_CLOCKWISE;
vpmsci.rasterizationSamples = VK_SAMPLE_COUNT_ONE_BIT;
vpcbas.blendEnable = VK_FALSE;
vpcbsci.logicOpEnable = VK_FALSE;
vpdssci.depthTestEnable = VK_TRUE;
vpdssci.depthWriteEnable = VK_TRUE;
vpdssci.depthCompareOp = VK_COMPARE_OP_LESS;

#endif

These settings seem pretty typical to me. Let’s write a simplified

PN N

Pipeline-creator that accepts Vertex and Fragment shader modules
and the topology, and always uses the settings in red above.

* ASIA29
BRISBANE
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Link in the Shaders

VkPipelineShaderStageCreatelnfo ( vpssci[2]; )
vpssci[0].sType = VK_STRUCTURE_ ~ E_SHADER_STAGE_CREATE_INFO;

vpssci[0].pNext = nullptr;

vpssci[0].flags = 0;

vpssci[0].stage = VK_SHADER_STAGE_VERTEX_BIT;
vpssci[0].module = vertexShader;

vpssci[0].pName = "main’; . Use one vpssci array member per
vpssci[0].pSpecializationinfo = (VkSpecializationInfo *)nullptr; .
#ifdef BITS shader module you are using

VK_SHADER_STAGE_VERTEX_BIT
VK_SHADER_STAGE_TESSELLATION_CONTROL_BIT
VK_SHADER_STAGE_TESSELLATION_EVALUATION_BIT
VK_SHADER_STAGE_GEOMETRY_BIT
VK_SHADER_STAGE_FRAGMENT_BIT
VK_SHADER_STAGE_COMPUTE_BIT
VK_SHADER_STAGE_ALL_GRAPHICS
VK_SHADER_STAGE_ALL

154

wibd[0].inputRate = VK_VERTEX_INPUT_RATE_VERTEX;
#ifdef CHOICES

VK_VERTEX_INPUT_RATE_VERTEX
VK_VERTEX_INPUT_RATE_INSTANCE

#endif

/- Asiazam
BRISBANE

#endif
vpssci[1].sType = VK_STRUCTURE_TYPE_PIPELINE_SHADER_STAGE_CREATE_INFO;
vpssci[1].pNext = nullptr;
vpssci[1].flags = 0;
vpssci[1].stage = VK_SHADER_STAGE_FRAGMENT_BIT;
i[1].module = fi tShader; -
‘;ﬁ:g:m;ﬁa;: - .,::zg:.'..e" ader Use one vvibd array member per vertex
vpssci[1].pSpecializationInfo = (VkSpecializationinfo *)nullptr; input array-of-structures you are using
VkVertexInputBindingDescription /l'an array containing one of these per buffer being used
wibd[0].binding = 0; /1 which bingtrrg is
wvibd[0].stride = sizeof( struct vertex ); /I bytes between successive

mjb - September 11, 2019
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Link in the Per-Vertex Attributes 155
VkVertexInputAttributeDescription vviad[4]; /I an array containing one of these per vertex attribute in all bindings
/14 = vertex, normal, color, texture coord
vviad[0].location = 0; 'location in the layout R
wiad([0].binding = 0; /i which binding description this s partof | US€ one vviad array member per element
wiad[0].format = VK_FORMAT_VEC3;  //x,y,z in the struct for the array-of-structures
vviad[0].offset = offsetof( struct vertex, position ); 110 element you are using as vertex input

#ifdef EXTRAS_DEFINED_AT_THE_TOP
/I these are here for convenience and readability:

#define VK_FORMAT_VEC4 VK_FORMAT_R32G32B32A32_SFLOAT

#define VK_FORMAT_XYZW VK_FORMAT_R32G32B32A32_SFLOAT

#define VK_FORMAT_VEC3 VK_FORMAT_R32G32B32_SFLOAT

#define VK_FORMAT_STP VK_FORMAT_R32G32B32_SFLOAT These are defined at the top of the

#define VK_FORMAT_XYZ VK_FORMAT_R32G32B32_SFLOAT sample code so that you don’t need to

fofing VICFORMAT ST~ VK_FORMAT Ra7037SFLOAT use confusing image-looking formats
lefine i

#define VK_FORMAT_XY VK_FORMAT_R32G32_SFLOAT for positions, normals, and tex coords

#define VK_FORMAT_FLOAT ~ VK_FORMAT_R32_SFLOAT

#define VK_FORMAT_S VK_FORMAT_R32_SFLOAT

#define VK_FORMAT_X VK_FORMAT_R32_SFLOAT

#endif

vviad[1].location = 1;

wviad[1].binding = 0;

vviad[1].format = VK_FORMAT_VEC3;  //nx, ny, nz
vviad[1].offset = offsetof( struct vertex, normal ); 1112

vviad[2].location = 2;

wviad[2].binding = 0;

wviad[2].format = VK_FORMAT_VEC3;  //r,g,b
vviad[2].offset = offsetof( struct vertex, color ); 1124

vviad[3].location = 3;

wviad[3].binding = 0;

vviad[3].format = VK_FORMAT_VEC2;  //s,t

vviad[3].offset = offsetof( struct vertex, texCoord ); 1136

" ASIA27
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VkPipelineVertexInputStateCreatelnfo vpvisci; // used to describe the input vertex attributes 156
vpvisci.sType = VK_STRUCTURE_TYPE_PIPELINE_VERTEX_INPUT_STATE_CREATE_INFO;
vpvisci.pNext = nullptr;
vpvisci.flags = 0; AT Ay
vpvisci.vertexBindingDescriptionCount = 1; De(?lare the blndl.ng descriptions and
vpvisci.pVertexBindingDescriptions = vvibd; attribute descrlptlons
vpvisci.vertexAttributeDescriptionCount = 4;
vpvisci.pVertexAttributeDescriptions = vviad;
VkPipelinelnputAssemblyStateCreatelnfo vpiasci;
vpiasci.sType = VK_STRUCTURE_TYPE_PIPELINE_INPUT_ASSEMBLY_STATE_CREATE_INFO;
vpiasci.pNext = nullptr;
vpiasci.flags = 0;
vpiasci.topology = VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST;;
#ifdef CHOICES
VK_PRIMITIVE_TOPOLOGY_POINT_LIST
VK_PRIMITIVE_TOPOLOGY_LINE_LIST Declare the vertex topology
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST
VK_PRIMITIVE_TOPOLOGY_LINE_STRIP
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_STRIP
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_FAN
VK_PRIMITIVE_TOPOLOGY_LINE_LIST_WITH_ADJACENCY
VK_PRIMITIVE_TOPOLOGY_LINE_STRIP_WITH_ADJACENCY
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST_WITH_ADJACENCY
VK_PRIMITIVE_TOPOLOGY_TRIANGLE_STRIP_WITH_ADJACENCY
#endif
vpiasci.primitiveRestartEnable = VK_FALSE;
VkPipelineTessellationStateCreatelnfo vptsci;
vptsci.sType = VK_STRUCTURE_TYPE_PIPELINE_TESSELLATION_STATE_CREATE_INFO;
vptsci.pNext = nullptr;
vptsci.flags = 0; | Tessellation Shader info ‘
vptsci.patchControlPoints = 0; /I number of patch control points
/I VkPipelineGeometryStateCreatelnfo vpgsci;
/1 vptsci.sType = VK_STRUCTURE_TYPE_PIPELINE_TESSELLATION_STATE_CREATE_INFO;
Z zﬁ::g::ggge: L‘O?“"p"’ | Geometry Shader info ‘
b= 1,2019
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What is “Primitive Restart Enable”?

vpiasci.primitiveRestartEnable = VK_FALSE;

“Restart Enable” is used with:
* Indexed drawing.
» Triangle Fan and *Strip topologies

If vpiasci.primitiveRestartEnable is VK_TRUE, then a special “index” indicates that the
primitive should start over. This is more efficient than explicitly ending the current
primitive and explicitly starting a new primitive of the same type.

typedef enum VkindexType

VK_INDEX_TYPE_UINT16 =0, /10— 65,535
VK_INDEX_TYPE_UINT32=1, 110 —4,294,967,295
} VkindexType;

If your VkindexType is VK_INDEX_TYPE_UINT16, then the special index is Oxffff.
If your VkindexType is VK_INDEX_TYPE_UINT32, it is Oxffffffff.

157
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-
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One Really Good use of Restart Enable is in Drawing Terrain
Surfaces with Triangle Strips

Triangle Strip #0:
Triangle Strip #1:
Triangle Strip #2:

PN N
4. ASIA2719
2 BRISBANE
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159

VkViewport
wW.x =0;

.y =0;

Declare the viewport information ‘

vv.width = (float)Width;
vv.height = (float)Height;
vv.minDepth = 0.0f;
vv.maxDepth = 1.0f;

VkRect2D
vr.offset.x = 0;

vr.offset.y = 0;
vr.extent.width = Width;

Declare the scissoring information

vr.extent.height = Height;

VkPipelineViewportStateCreatelnf VpVSCi;
vpvsci.sType = VK_STRUCTURE_TYPE_PIPELINE_VIEWPORT_STATE_CREATE_INFO;
vpvsci.pNext = nullptr;
vpvsci.flags = 0;
vpvsci.viewportCount =¢l;

vpvsci.pViewports = &vv;
vpvsci.scissorCount = 1
vpvsci.pScissors = &vr;

Group the viewport and
scissor information together

Wy
/- ASIA2219
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What is the Difference Between Changing the Viewport and Changing the Scissoring®0

Viewport:

Viewporting operates on vertices and takes place
right before the rasterizer. Changing the vertical part
of the viewport causes the entire scene to get scaled
(scrunched) into the viewport area.

Original Image

Scissoring:

Scissoring operates on fragments
and takes place right after the -
rasterizer. Changing the vertical
part of the scissor causes the
entire scene to get clipped where it
falls outside the scissor area.

/- ASIA2u9
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Setting the Rasterizer State 161

VkPipelineRasterizationStateCreatelnfo é vprsci;?‘
vprsci.sType = VK_STRUCTURE_TYPE™ E_RASTERIZATION_STATE_CREATE_INFO;

vprsci.pNext = nullptr;
vprsci.flags = 0; Declare information about how

vprsci.depthClampEnable = VK_FALSE; q q )
vprsci.rasterizerDiscardEnable = VK_FALSE; the rasterization will take place

vprsci.polygonMode = VK_POLYGON_MODE_FILL;
#ifdef CHOICES
VK_POLYGON_MODE_FILL
VK_POLYGON_MODE_LINE
VK_POLYGON_MODE_POINT
#endif

vprsci.cullMode = VK_CULL_MODE_NONE; /I recommend this because of the projMatrix[1][1] *=-1.;
#ifdef CHOICES
VK_CULL_MODE_NONE
VK_CULL_MODE_FRONT_BIT
VK_CULL_MODE_BACK_BIT
VK_CULL_MODE_FRONT_AND_BACK_BIT
#endif
vprsci.frontFace = VK_FRONT_FACE_COUNTER_CLOCKWISE;
#ifdef CHOICES
VK_FRONT_FACE_COUNTER_CLOCKWISE
VK_FRONT_FACE_CLOCKWISE
#endif
vprsci.depthBiasEnable = VK_FALSE;
vprsci.depthBiasConstantFactor = 0.f;
vprsci.depthBiasClamp = 0.f;
vprsci.depthBiasSlopeFactor = 0.f;
vprsci.lineWidth = 1.f;

> VI
* ASIA219
BRISBANE

mjb - September 11, 2019

What is “Depth Clamp Enable”? 162

vprsci.depthClampEnable = VK_FALSE;

Depth Clamp Enable causes the fragments that would normally have been discarded
because they are closer to the viewer than the near clipping plane to instead get
projected to the near clipping plane and displayed.

A good use for this is Polygon Capping:

The front of the polygon is clipped, The gray area shows what would happen
revealing to the viewer that this is really a with depthClampEnable (except it would
shell, not a solid have been red).

" Asiazam
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What is “Depth Bias Enable”? 163

vprsci.depthBiasEnable = VK_FALSE;
vprsci.depthBiasConstantFactor = 0.f;
vprsci.depthBiasClamp = 0.f;
vprsci.depthBiasSlopeFactor = 0.f;

Depth Bias Enable allows scaling and translation of the Z-depth values as they come
through the rasterizer to avoid Z-fighting.

Z-fighting

Text That Moves

ASIA 27

219
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Color Blending State for each Color Attachment 164

Create an array with one of these for each color buffer attachment.
Each color buffer attachment can use different blending operations.

VkPipelineColorBlendAttachmentState ( vpchas; )

vpcbas.blendEnable = VK_FALSE;

vpcbas.srcColorBlendFactor = VK_BLEND_FACTOR_SRC_COLOR;

vpcbas.dstColorBlendFactor = VK_BLEND_FACTOR_ONE_MINUS_SRC_COLOR;

vpcbas.colorBlendOp = VK_BLEND_OP_ADD;

vpcbas.srcAlphaBlendFactor = VK_BLEND_FACTOR_ONE This controls blending between the output of

vpebas.dstAlphaBlendFactor = VK_BLEND_FACTOR_ZERO; | each color attachment and its image memory.

vpcbas.alphaBlendOp = VK_BLEND_OP_ADD;

vpcbas.colorWriteMask = VK_COLOR_COMPONENT_R_BIT
| VK_COLOR_COMPONENT_G_BIT
| VK_COLOR_COMPONENT_B_BIT
| VK_COLOR_COMPONENT_A_BIT;

/- Asiazae
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Color Blending State for each Color Attachment

VkPipelineColorBlendStateCreatelnfo
vpcbsci.sType = VK_STRUCTURE_TY]
vpcbsci.pNext = nullptr;
vpcbsci.flags = 0;
vpcbsci.logicOpEnable = VK_FALSE;

#ifdef CHOICES
VK_LOGIC_OP_CLEAR
VK_LOGIC_OP_AND
VK_LOGIC_OP_AND_REVERSE
VK_LOGIC_OP_COPY
VK_LOGIC_OP_AND_INVERTED
VK_LOGIC_OP_NO_OP
VK_LOGIC_OP_XOR
VK_LOGIC_OP_OR
VK_LOGIC_OP_NOR
VK_LOGIC_OP_EQUIVALENT
VK_LOGIC_OP_INVERT
VK_LOGIC_OP_OR_REVERSE
VK_LOGIC_OP_COPY_INVERTED
VK_LOGIC_OP_OR_INVERTED
VK_LOGIC_OP_NAND
VK_LOGIC_OP_SET
#endif
vpcbsci.attachmentCount = 1;
vpcbsci.pAttachments = &vpcbas;
vpcbsci.blendConstants[0] = 0;
vpcbsci.blendConstants[1] = 0;
vpcbsci.blendConstants[2] = 0;
vpcbsci.blendConstants[3] = 0;

vpebsci.logicOp = VK_LOGIC_OP_COPY;

vpcbsci;
g@ E_COLOR_BLEND_STATE_CREATE_INFO;

165

This controls blending between the output
of the fragment shader and the input to the
color attachments.

> VI
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Which Pipeline Variables can be Set Dynamically

VkDynamicState
#ifdef CHOICES
VK_DYNAMIC_STATE_VIEWPOR
VK_DYNAMIC_STATE_SCISSOR
VK_DYNAMIC_STATE_LINE_WID1
VK_DYNAMIC_STATE_DEPTH_BI

nI

VK_DYNAMIC_STATE_DEPTH_BOUNDS

#endif
VkPipelineDynamicStateCreatelpfo

vpdsci.flags = 0;
vpdsci.dynamicStateCount % 0;
vpdsci.pDynamicStates = vds;

vpdsci.pNext = nullptr; l

vd@( VK_DYNAMIC_STATE_VIEWPORT, VK_DYNAMIC_STATE_SCISSOR };

VK_DYNAMIC_STATE_BLEND_CONSTANTS
VK_DYNAMIC_STATE_STENCIL_GOMPARE_MASK

VK_DYNAMIC_STATE_STENCIL_WRITE_MASK
VK_DYNAMIC_STATE_STENCIL_REFERENCE

vpdsci.sType = VKﬁSTRUCTUREfTYPEiPDYNAMICisTATEicREATEJNFO;

-- vkCmdSetViewport( )

-- vkCmdSetScissor( )

-- vkCmdSetLineWidth( )

-- vkCmdSetDepthBias( )

-- vkCmdSetBendConstants( )

-- vkCmdSetDepthZBounds( )

-- vkCmdSetStencilCompareMask( )
-- vkCmdSetStencilWriteMask( )

-- vkCmdSetStencilReferences( )

/I leave turned off for now

PN N
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Stencil Operations for Front and Back Faces

167

VkStencilOpState
vsosf.depthFailOp = VK_STENCIL_
vsosf.failOp
vsosf.passOp

vsosf;

P;

= VK_STENCIL_OP_KEEP;
= VK_STENCIL_OP_KEEP;

/I front

/I what to do if depth operation fails

1/ what to do if stencil operation fails

I/l what to do if stencil operation succeeds

#ifdef CHOICES

VK_STENCIL_OP_KEEP
VK_STENCIL_OP_ZERO
VK_STENCIL_OP_REPLACE
VK_STENCIL_OP_INCREMENT_AND_CLAMP
VK_STENCIL_OP_DECREMENT_AND_CLAMP
VK_STENCIL_OP_INVERT
VK_STENCIL_OP_INCREMENT_AND_WRAP
VK_STENCIL_OP_DECREMENT_AND_WRAP
#endif

#ifdef CHOICES
VK_COMPARE_OP_NEVER
VK_COMPARE_OP_LESS
VK_COMPARE_OP_EQUAL
VK_COMPARE_OP_LESS_OR_EQUAL
VK_COMPARE_OP_GREATER
VK_COMPARE_OP_NOT_EQUAL
VK_COMPARE_OP_GREATER_OR_EQUAL
VK_COMPARE_OP_ALWAYS
#endif
vsosf.compareMask = ~0;
vsosf.writeMask = ~0;
vsosf.reference = 0;

VkStencilOpState

vsosb.failOp
vsosb.passOp

vsosb.compareMask = ~0;
vsosb.writeMask = ~0;
vsosb.reference = 0;

vsosf.compareOp = VK_COMPARE_OP_|

-- keep the stencil value as it is

-- set stencil value to 0

-- replace stencil value with the reference value
-- increment stencil value

-- decrement stencil value

-- bit-invert stencil value

-- increment stencil value

-- decrement stencil value

NEVER;

-- never succeeds

-- succeeds if stencil value is < the reference value
-- succeeds if stencil value is == the reference value
-- succeeds if stencil value is <= the reference value
-- succeeds if stencil value is > the reference value
-- succeeds if stencil value is !='the reference value
-- succeeds if stencil value is >= the reference value
-- always succeeds

I back
vsosb.depthFailOp = VK_STENCIL_SR- P;

=VK_STENCIL_OP_KEEP;
=VK_STENCIL_OP_KEEP;
vsosb.compareOp = VK_COMPARE_OP_NEVER;

— September 11, 2019

Uses for Stencil Operations

Magic Lenses

ASIA 2219
BRISBANE

Polygon edges without Z-fighting

JE.

\l’.

168

mjb - September 11, 2019

9/11/2019

84



Operations for Depth Values

169

vpdssci.pNext = nullptr;

vpdssci.flags = 0;

vpdssci.depthTestEnable = VK_TRUE;
vpdssci.depthWriteEnable = VK_TRUE;
vpdssci.depthCompareOp = VK_COMPARE_OP_LESS;

VK_COMPARE_OP_NEVER -- never succeeds

VK_COMPARE_OP_LESS -- succeeds if new depth value is < the existing value
VK_COMPARE_OP_EQUAL -- succeeds if new depth value is == the existing value
VK_COMPARE_OP_LESS_OR_EQUAL -- succeeds if new depth value is <= the existing value
VK_COMPARE_OP_GREATER -- succeeds if new depth value is > the existing value
VK_COMPARE_OP_NOT_EQUAL -- succeeds if new depth value is != the existing value
VK_COMPARE_OP_GREATER_OR_EQUAL -- succeeds if new depth value is >= the existing value
VK_COMPARE_OP_ALWAYS -- always succeeds

#endif

vpdssci.depthBoundsTestEnable = VK_FALSE;
vpdssci.front = vsosf;

vpdssci.back = vsosb;
vpdssci.minDepthBounds =0.;
vpdssci.maxDepthBounds = 1.;
vpdssci.stencilTestEnable = VK_FALSE;

VkPipelineDepthStencilStateCreatelnfo vpdssci;
vpdssci.sType = VK_STRUCTURE_TYPE_P@EPTH_STENCIL_STATE_CREATE_INFO;

> VI
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Putting it all Together! (finally...)

170

VkGraphicsPipelineCreatelnfo @

vgpci.sType = VK_STRUCTURE_TYPE _ CS_PIPELINE_CREATE_INFO;
vgpci.pNext = nullptr;
vgpci.flags = 0;

#ifdef CHOICES
VK_PIPELINE_CREATE_DISABLE_OPTIMIZATION_BIT
VK_PIPELINE_CREATE_ALLOW_DERIVATIVES_BIT

Group all of the individual state
information and create the pipeline

VK_PIPELINE_CREATE_DERIVATIVE_BIT
#endif

vgpci.stageCount = 2; /I number of stages\,
vgpci.pStages = vpssci;

vgpci.pVertexInputState = &vpvisci;
vgpci.plnputAssemblyState = &vpiasci;
vgpci.pTessellationState = (VkPipelineTessellationStateCreatel
vgpci.pViewportState = &vpvsci;

vgpci.pRasterizationState = &vprsci;

vgpci.pMultisampleState = &vpmsci;

vgpci.pDepthStencilState = &vpdssci;

vgpci.pColorBlendState = &vpcbsci;

vgpci.pDynamicState = &vpdsci;

vgpci.layout = IN GraphicsPipelineLayout;

vgpci.renderPass = IN RenderPass;

vgpci.subpass = 0; /I subpass number
vgpci.basePipelineHandle = (VkPipeline) VK_NULL_HANDLE;
vgpci.basePipelineln =0

this pipeline

*)nullptr;

result = vkCreateGraphicsPipelines( LogicalDevice, VK_NULL_HANDLE, 1, IN &vgpci,
PALLOCATOR, OUT pGraphicsPipeline );

return result;

PN N
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Later on, we will Bind the Graphics Pipeline to the
Command Buffer when Drawing

171

vkCmdBindPipeline( CommandBuffers[nextimagelndex],

VK_PIPELINE_BIND_POINT_GRAPHICS, GraphicsPipeline );

> VI
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Queues and Command Buffers

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan

QueuesAndCommandBuffers.pptx
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Simplified Block Diagram 173

Application

Physical
Device

Logical
Device

Command Buffer
Command Buffer
Command Buffer

Queue

" AsIA 2210
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Vulkan Queues and Command Buffers 174

* Graphics commands are recorded in command buffers, e.g., vkCmdDoSomething( cmdBuffer, ... );
* You can have as many simultaneous Command Buffers as you want
« Each command buffer can be filled from a different thread

« Command Buffers record commands, but no work takes place until a Command Buffer is submitted

to a Queue
_Appliulipn
* We don’t create Queues — the Logical Device has them already [ mnstance |

Physical
Device

» Each Queue belongs to a Queue Family

» We don't create Queue Families — the Physical Device already has them

[cputhread | [ ][ [ J[ ]  cmdbuffer| == | queue |

| CPU Thread I | | I | Cmd buffer| = | queue |

| CPU Thread I | Cmd buffer | =
CcPUThread | | cmd buffer | ===

" Asiaza0
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Querying what Queue Families are Available 175

uint32_t count;
vkGetPhysicalDeviceQueueFamilyProperties( IN PhysicalDevice, &count, OUT (VkQueueFamilyProperties *) nullptr );

VkQueueFamilyProperties *vafp = new VkQueueFamilyProperties| count J;
vkGetPhysicalDeviceFamilyProperties( PhysicalDevice, &count, OUT &vqfp, );

for( unsigned inti = 0; i < count; i++ )

fprintf( FpDebug, "\t%d: Queue Family Count = %2d ; ", i, vafp[i].queueCount );

if( ( vafpli].queueFlags & VK_QUEUE_GRAPHICS_BIT)!=0)  fprintf( FpDebug, " Graphics" );

if( ( vafpli].queueFlags & VK_QUEUE_COMPUTE_BIT )!=0) fprintf( FpDebug, " Compute " );
if( ( vafpli].queueFlags & VK_QUEUE_TRANSFER_BIT)!=0) fprintf( FpDebug, " Transfer" );

fprintf(FpDebug, "\n");

Found 3 Queue Families:
0: Queue Family Count= 16 ; Graphics Compute Transfer
1: Queue Family Count= 1 ; Transfer
2: Queue Family Count= 8 ; Compute

> VI
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Similarly, we Can Write a Function that Finds the Proper Queue Family 176

int
FindQueueFamilyThatDoesGraphics( )
{
uint32_t count = -1;
vkGetPhysicalDeviceQueueFamilyProperties( IN PhysicalDevice, OUT &count, OUT (VkQueueFamilyProperties *)nullptr );
VkQueueFamilyPropeni@m VkQueueFamilyProperties[ count J; l
vkGetPhysicalDevice ueFamilyProperties( IN PhysicalDevice, IN &count, OUT vqfp );
for( unsigned int jZ 0; i < count; i++ )
if( ( vafp[ i ].queueFlags & VK_QUEUE_GRAPHICS BIT)!=0)
return i;
return -1;
}
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Creating a Logical Device Needs to Know Queue Family Information 177

lnninw vdqci[0].queuePriorities = (floatX) queuePriorities;

vdci.sType = VKN
vdci.pNext = nullptr}
vdci.flags = 0;
vdci.queueCreatelnfoCol /I # of device queues wanted
vdci.pQueueCreatelnfos = IN &vdqci[0]; /I array of VkDeviceQueueCreatelnfo's
vdci.enabledLayerCount = sizegf(myDevicelLayers) / sizeof(char *);
vdci.ppEnabledLayerNames = myQevicelLayers;

vdci.enabledExtensionCount = sized{(myDeviceExtensions) / sizeof(char *);
vdci.ppEnabledExtensionNames = myBgviceExtensions;

vdci.pEnabledFeatures = IN &PhysicalDeyjceFeatures; // already created

result = vkCreateLogicalDevice( PhysicalDevice, IN &vdci, PALLOCATOR, OUT &LogicalDevice );

VkQueue Queue;
uint32_t queueFamilylndex = FindQueueFamilyThatDoesGraphics( );
uint32_t queuelndex = 0;

result = vkGetDeviceQueue ( LogicalDevice, queueFamilylndex, queuelndex, OUT &Queue );

Sheh
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VkResult
Init06CommandPool( )
{

VkResult result;

VkCommandPoolCreatelnfo
vepei.sType = VK_STRUCTURE_TYP
vepcei.pNext = nullptr;
vepei.flags = VK_COMMAND_POOL_QREATE_RESET_COMMAND_BUFFER_BIT

| VK_COMMAND_POOL_OREATE_TRANSIENT_BIT;

GOMMAND_POOL_CREATE_INFO;

#ifdef CHOICES
VK_COMMAND_POOL_CREATE_TRANSIENT_BIT
VK_COMMAND_POOL_CREATE_RESET_COMMAND_}
#endif

vepcei.queueFamilylndex = FindQueueFamilyThatDoesGraphics( );
result = vkCreateCommandPool( LogicalDevice, IN &vcpci, PALLOCATOR, OUT &CommandPool );

return result;
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VkResult
Init06CommandBuffers( )

{
VkResult result;

I/ allocate 2 command buffers for the double-buffered rendering:

VkCommandBufferAllocatelnfo
i vcbai.sType = VK_STRUCTURE_TYPE_{ IAND_BUFFER_ALLOCATE_INFO;

Logical
Device

Physical
Device

vcbai.pNext = nullptr;
vcbai.commandPool = CommandPool;
vcbai.level = VK_COMMAND_BUFFER_LEVEL_PR|MARY;
vcbai.commandBufferCount = 2; 112, because Of double-buffering

/I allocate 1 command buffer for the transferring pixels from a staging buffer to a texture buffer:

Gommand Buffer

VkCommandBufferAllocatelnfo
vebai.sType = VK_STRUCTURE_TYP
vcbai.pNext = nullptr;
vcbai.commandPool = CommandPool;
vcbai.level = VK_COMMAND_BUFFER_LEVEL_PRIMARY;
vcbai.commandBufferCount = 1;

ND_BUFFER_ALLOCATE_INFO;

}

return result;

result = vkAllocateCommandBuffers( LogicalDevice, IN &vcbai, OUT &CommandBuffers[0] );

result = vkAllocateCommandBuffers( LogicalDevice, IN &vcbai, OUT &TextureCommandBuffer );

Sheh
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Beginning a Command Buffer
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VkSemaphoreCreatelnfo
vsci.sType = VK_STRUCTURE_’
vsci.pNext = nullptr;
vsci.flags = 0;

SEMAPHORE_CREATE_INFO;

VkSemaphore imageReadySemaphore;
result = vkCreateSemaphore( LogicalDevice, IN &vsci, PALLOCATOR, OUT &imageReadySemaphore );

uint32_t nextlmagelndex;
vkAcquireNextimageKHR( LogicalDevice, IN SwapChain, IN UINT64_MAX,

VkCommandBufferBeginInfo @

vebbi.sType = VK_STRUCTUR
vcbbi.pNext = nullptr;
vebbi.flags = VK_COMMAND_BUFFER_USAGE~QNE_TIME_SUBMIT_BIT;
vebbi.plnheritancelnfo = (VkCommandBufferlnheritance X)nullptr;

result = vkBeginCommandBuffer( CommandBuffers[nextimagelndex], IN &vcbbi );

vkEndCommandBuffer( CommandBuffers[nextimagelndex] );

IN imageReadySemaphore, IN VK_NULL_HANDLE, OUT &nextimagelndex );
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These are the Commands that could be entered into the Command Buffer, |

vkCmdBeginQuery( commandBuffer, flags );

vkCmdBeginRenderPass( commandBuffer, const contents );
vkCmdBindDescriptorSets( commandBuffer, pDynamicOffsets );
vkCmdBindIndexBuffer( commandBuffer, indexType );

vkCmdBindPipeline( commandBuffer, pipeline );

vkCmdBindVertexBuffers( commandBuffer, firstBinding, bindingCount, const pOffsets );
vkCmdBlitimage( commandBuffer, filter );

vkCmdClearAttachments( commandBuffer, attachmentCount, const pRects );
vkCmdClearColorimage( commandBuffer, pRanges );

vkCmdClearDepthStencillmage( commandBuffer, pRanges );

vkCmdCopyBuffer( commandBuffer, pRegions );

vkCmdCopyBufferTolmage( commandBuffer, pRegions );

vkCmdCopylmage( commandBuffer, pRegions );

vkCmdCopylmageToBuffer( commandBuffer, pRegions );
vkCmdCopyQueryPoolResults( commandBuffer, flags );
vkCmdDebugMarkerBeginEXT( commandBuffer, pMarkerinfo );
vkCmdDebugMarkerEndEXT( commandBuffer );

vkCmdDebugMarkerinsertEXT( commandBuffer, pMarkerinfo );

vvkCmadDispatch( commandBuffer, groupCountX, groupCountY, groupCountZ );
vkCmdDispatchindirect( commandBuffer, offset );

vkCmdDraw( commandBuffer, vertexCount, instanceCount, firstVertex, firstinstance );
vkCmdDrawlIndexed( commandBuffer, indexCount, instanceCount, firstindex, int32_t vertexOffset, firstinstance );
vkCmdDrawIndexedIndirect( commandBuffer, stride );
vkCmdDrawIndexedIndirectCountAMD( commandBuffer, stride );

vkCmdDrawIndirect( commandBuffer, stride );

vkCmdDrawIndirectCountAMD( commandBuffer, stride );

vkCmdEndQuery( commandBuffer, query );

vkCmdEndRenderPass( commandBuffer );

vkCmdExecuteCommands( commandBuffer, commandBufferCount, const pCommandBuffers );
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vkCmdFillBuffer( commandBuffer, dstBuffer, dstOffset, size, data );

vkCmdNextSubpass( commandBuffer, contents );

vkCmdPipelineBarrier( commandBuffer, srcStageMask, dstStageMask, dependencyFlags, memoryBarrierCount, VkMemoryBarrier* pMemoryBarriers,

bufferMemoryBarrierCount, pBufferMemoryBarriers, imageMemoryBarrierCount, plmageMemoryBarriers );

vkCmdProcessCommandsNVX( commandBuffer, pProcessCommandsinfo );

vkCmdPushConstants( commandBuffer, layout, stageFlags, offset, size, pValues );

vkCmdPushDescriptorSetKHR( commandBuffer, pipelineBindPoint, layout, set, descriptorWriteCount, pDescriptorWrites );

vkCmdPushDescriptorSetWithTemplateKHR( commandBuffer, descriptorUpdateTemplate, layout, set, pData );

vkCmdReserveSpaceForCommandsNVX( commandBuffer, pReserveSpacelnfo );

vkCmdResetEvent( commandBuffer, event, stageMask );

vkCmdResetQueryPool( commandBuffer, queryPool, firstQuery, queryCount );

vkCmdResolvelmage( commandBuffer, srcimage, srclmagelLayout, dstimage, dstimageLayout, regionCount, pRegions );

vkCmdSetBlendConstants( commandBuffer, blendConstants[4] );

vkCmdSetDepthBias( commandBuffer, depthBiasConstantFactor, depthBiasClamp, depthBiasSlopeFactor );

vkCmdSetDepthBounds( commandBuffer, minDepthBounds, maxDepthBounds );

vkCmdSetDeviceMaskKHX( commandBuffer, deviceMask );

vkCmdSetDiscardRectangleEXT( commandBuffer, firstDiscardRectangle, discardRectangleCount, pDiscardRectangles );

vkCmdSetEvent( commandBuffer, event, stageMask );

vkCmdSetLineWidth( commandBuffer, lineWidth );

vkCmdSetScissor( commandBuffer, firstScissor, scissorCount, pScissors );

vkCmdSetStencilCompareMask( commandBuffer, faceMask, compareMask );

vkCmdSetStencilReference( commandBuffer, faceMask, reference );

vkCmdSetStencilWriteMask( commandBuffer, faceMask, writeMask );

vkCmdSetViewport( commandBuffer, firstViewport, viewportCount, pViewports );

vkCmdSetViewportWScalingNV( commandBuffer, firstViewport, viewportCount, pViewportWScalings );

vkCmdUpdateBuffer( commandBuffer, dstBuffer, dstOffset, dataSize, pData );

vkCmdWaitEvents( commandBuffer, eventCount, pEvents, srcStageMask, dstStageMask, memoryBarrierCount, pMemoryBarriers,
bufferMemoryBarrierCount, pBufferMemoryBarriers, imageMemoryBarrierCount, plmageMemoryBarriers );

vkCmdWriteTimestamp( commandBuffer, pipelineStage, queryPool, query );
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VkResult
RenderScene( )
{
VkResult result;
VkSemaphoreCreatelnfo
vsci.sType = VK_STRUCTURE_ !
vsci.pNext = nullptr;
vsci.flags = 0;

RVAPHORE_CREATE_INFO;

VkSemaphore imageReadySemaphore;
result = vkCreateSemaphore( LogicalDevice, IN &vsci, PALLOCATOR, OUT &imageReadySemaphore );

uint32_t nextimagelndex;
vkAcquireNextimageKHR( LogicalDevice, IN SwapChain, IN UINT64_MAX, IN VK_NULL_HANDLE,
IN VK_NULL_HANDLE, OUT &nextlmagelndex );

VkCommandBufferBeginlnfo @

vebbi.sType = VK_STRUCTURI PESGOMMAND_BUFFER_BEGIN_INFO;
vebbi.pNext = nullptr;
vebbi.flags = VK_COMMAND_BUFFER_USAGE_ONE~IIME_SUBMIT_BIT;
vebbi.pInheritancelnfo = (VkCommandBufferlnheritancelnfo ptr;

result = vkBeginCommandBuffer( CommandBuffers[nextimagelndex], IN &vcbbi );

* ASIA29
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VkClearColorValue
veev.float32[0] = 0.0;
veev.float32[1] = 0.0;
veev.float32[2] = 0.0;
veev.float32[3] = 1.0;

VkClearDepthStencilValue

vedsv.depth = 1.f;
vedsv.stencil =

VkClearValue
vev[0].color = vcev;
vev[1].depthStencil = vedsy;

VkOffset2D 02d ={0,0};
VKExtent2D.e2d = { Width, Height };
VkRect2D 02d, e2d };

VkRenderPassBagininfo w

vrpbi.sType S\VK_STRUGTURE_TYPE-RENDER_PASS_BEGIN_INFO;
vrpbi.pNext = nyliptr;

vrpbi.renderArea = r2d;
vrpbi.clearValueCount
vrpbi.pClearValues = vcv; /I used for VK_ATTACH T_LOAD_OP_CLEAR

vkCmdBeginRenderPass( CommandBuffers[nextimagelndex], IN &vrpbi, IN VK_SUBPASS_CONTENTS_INLINE );
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VkViewp

0.,

0., Iy

(float)Width,

(float)Height,

0., /I minDepth

1. /I maxDepth
h
VvkCI iewport( CommandBuffersr dex], 0, 1, IN &viewport ); /I 0=firstViewport, 1=viewportCount
VkRecf
{

0,

0,

Width,

Height
h
vkCmdSetScissor( CommandBuffers[nextimagelndex], 0, 1, IN &scissor );
vkCmdBindDescriptorSets( CommandBuffers[nextimagelndex], VK_PIPELINE_BIND_POINT_GRAPHICS,

GraphicsPipelineLayout, 0, 4, DescriptorSets, 0, (uint32_t *)nullptr );

1 dynamic offset count, dynamic offsets
vkCmdBindPushConstants( CommandBuffers[nextimagelndex], PipelineLayout, VK_SHADER_STAGE_ALL, offset, size, void *values );
VkBuffer buffers[1] = { MyVertexDataBuffer.buffer };

VkDeviceSize offsets[1]={0};
vkCmdBindVertexBuffers( CommandBuffers[nextimagelndex], 0, 1, buffers, offsets ); /10, 1 = firstBinding, bindingCount
const uint32_t vertexCount = sizeof(VertexData) / sizeof(VertexData[0]);
const uint32_t instanceCount = 1;
const uint32_t firstVertex = 0;
const uint32_t firstinstance = 0;
vkCmdDraw( CommandBuffers[nextimagelndex], vertexCount, instanceCount, firstVertex, firstinstance );
vkCmdEndRenderPass( CommandBuffers[nextimagelndex] );
vkEndC ( CommandBuffers[nextin 1)
11, 2019
The Entire Submission / Wait / Display Process 186
VkFenceCreatelnfo vfci;
vfci.sType = VK_STRUC — _FENCE_CREATE_INFO;
vfci.pNext = nullptr;
vfci.flags = 0;
VkFence renderFence;
vkCreateFence( LogicalDevice, IN &vfci, PALLOCATOR, O ')
result = VK_SUCCESS;
VkPipelineStageFlags waitAtBottom = VK_PIPELINE_STAGE_BOTJOM_OF_PIPE_BIT;
VkQueue presentQueue;
vkGetDeviceQueue( LogicalDevice, FindQueueFamilyThatDoesGjaphics( ), 0, OUT &presentQueue );\
110 =, queuelndex
VkSubmitinfo
vsi.sType = VK_STRUCTURK_TYPE_SUBMIT_INFO;
vsi.pNext = nullptr;
vsi.waitSemaphoreCount = 1;
vsi.pWaitSemaphores = &imageR&adySemaphore;
vsi.pWaitDstStageMask = &waitAtBdttom;
vsi.commandBufferCount = 1;
vsi.pCommandBuffers = &CommandBuKers[nextimagelifdex];
vsi.signalSemaphoreCount = 0;
vsi.pSignalSemaphores = &SemaphoreRengerFinished
result = vkQueueSubmit( presentQueue, 1, IN &vsi, IN renderFence ); // 1 = submitCount
result = vkWaitForFences( LogicalDevice, 1, IN &renderFence, VK_TRUE, UINT64_MAX);  // waitAll, timeout
vkDestroyFence( LogicalDevice, renderFence, PALLOCATOR );
VkPresentinfoKHR C i)
vpi.sType = VK_STRUCTURE_TYRE_PRESENT_INFO_KHR;
vpi.pNext = nullptr;
vpi.waitSemaphoreCount = 0;
vpi.pWaitSemaphores = (VkSemaphord *)nullptr;
vpi.swapchainCount = 1;
vpi.pSwapchains = &SwapChain;
vpi dices = &r fe;
vpi.pResults = (VkResult *)nullptr;
result = vkQ KHR( presentQueue, IN &vpi );
er 11, 2019
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What Happens After a Queue has Been Submitted? 187

As the Vulkan 1.1 Specification says:

“Command buffer submissions to a single queue respect submission order and other
implicit ordering guarantees, but otherwise may overlap or execute out of order. Other
types of batches and queue submissions against a single queue (e.g. sparse memory
binding) have no implicit ordering constraints with any other queue submission or batch.
Additional explicit ordering constraints between queue submissions and individual batches
can be expressed with semaphores and fences.”

In other words, the Vulkan driver on your system will execute the commands in a single
buffer in the order in which they were put there.

But, between different command buffers submitted to different queues, the driver is allowed
to execute commands between buffers in-order or out-of-order or overlapped-order,

depending on what it thinks it can get away with.

The message here is, | think, always consider using some sort of Vulkan synchronization
when one command depends on a previous command reaching a certain state first.
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The Swap Chain

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan
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How We Think of OpenGL Framebuffers
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Vulkan Thinks of it This Way 190
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What is a Swap Chain? 191

Vulkan does not use the idea of a “back buffer”. So, we need a place to render into
before moving an image into place for viewing. The is called the Swap Chain.

In essence, the Swap Chain manages one or more image objects that form a sequence
of images that can be drawn into and then given to the Surface to be presented to the
user for viewing.

Swap Chains are arranged as a ring buffer ——m

Swap Chains are tightly coupled to the window system.

After creating the Swap Chain in the first place, the process for using the Swap Chain is:

Ask the Swap Chain for an image

Render into it via the Command Buffer and a Queue
Return the image to the Swap Chain for presentation
Present the image to the viewer (copy to “front buffer”)

pONM=
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What is a Swap Chain? 192

Because it has the word “chain” in it, let’s try to visualize the Swap Chain as a
physical chain.

Abicycle chain isn’t far off. A bicycle chain goes around and around, each section of
the chain taking its turn on the gear teeth, off the gear teeth, on, off, on, off, etc.

Because the Swap Chain is actually a ring buffer, the images in a Swap Chain go
around and around too, each image taking its turn being drawn into, being presented,
drawn into, being presented etc.

In the same way that bicycle chain links are “re-used”, Swap Chain images get re-
used too.
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We Need to Find Out What our Display Capabilities Are 194

VkSurfaceCapabilitieskHR Cvsc; )—
vkGetPhysicalDeviceSurfaceCapabilifieSKHR( PhysicalDevice, Surface, OUT &vsc );

VkExtent2D surfaceRes = vsc.currentExtent;
fprintf( FpDebug, "\nvkGetPhysicalDeviceSurfaceCapabilitiesKHR:\n" );

VkBool32 supported;
result = vkGetPhysicalDeviceSurfaceSupportKHR( PhysicalDevice, FindQueueFamilyThatDoesGraphics( ), Surface, &supported );
if( supported == VK_TRUE )

fprintf( FpDebug, "** This Surface is supported by the Graphics Queue **\n" );

uint32_t formatCount;

vkGetPhysicalDeviceSurfaceFormatsKHR( PhysicalDevice, Surface, &formatCount, (VkSurfaceFormatKHR *) nullptr );
VkSurfaceFormatKHR * surfaceFormats = new VkSurfaceFormatKHR[ formatCount ];
vkGetPhysicalDeviceSurfaceFormatsKHR( PhysicalDevice, Surface, &formatCount, surfaceFormats );

fprintf( FpDebug, "\nFound %d Surface Formats:\n", formatCount )

uint32_t presentModeCount;

vkGetPhysicalDeviceSurfacePresentModesKHR( PhysicalDevice, Surface, &presentModeCount, (VkPresentModeKHR *) nullptr );
VkPresentModeKHR * presentModes = new VkPresentModeKHR[ presentModeCount J;
vkGetPhysicalDeviceSurfacePresentModesKHR( PhysicalDevice, Surface, &presentModeCount, presentModes );

fprintf( FpDebug, "\nFound %d Present Modes:\n", presentModeCount );
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We Need to Find Out What our Display Capabilities Are 195

VulkanDebug.txt output:

vkGetPhysicalDeviceSurfaceCapabilitiesKHR:
minimageCount = 2 ; maxlmageCount = 8
currentExtent = 1024 x 1024
minimageExtent = 1024 x 1024
maximageExtent = 1024 x 1024
maxIimageArrayLayers = 1
supportedTransforms = 0x0001
currentTransform = 0x0001
supportedCompositeAlpha = 0x0001
supportedUsageFlags = 0x009f

** This Surface is supported by the Graphics Queue **

Found 2 Surface Formats:
0: 44 0 ( VK_FORMAT_B8G8R8A8_UNORM, VK_COLOR_SPACE_SRGB_NONLINEAR_KHR)
1: 50 0 ( VK_FORMAT_B8G8R8A8_SRGB, VK_COLOR_SPACE_SRGB_NONLINEAR_KHR)

Found 3 Present Modes:

0. 2 (VK_PRESENT_MODE_FIFO_KHR )
1.3 ( VK_PRESENT_MODE_FIFO_RELAXED_KHR )
2 1 ( VK_PRESENT_MODE_MAILBOX_KHR )

Sheh
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Creating a Swap Chain 196

| vkGetDevicePhysicalSurfaceCapabilities( )

VkSurfaceCapabilities

surface minimageCount
imageFormat maxImageCount
imageColorSpace //' currentExtent
imageExtent «— minimageExtent
imageArraylLayers maxIimageExtent
imageUsage maxImageArrayLayers
imageSharingMode supportedTransforms
preTransform currentTransform
compositeAlpha supportedCompositeAlpha
presentMode,
clipped
1Y

l VkSwapchainCreatelnfo |

AN

| vkCreateSwapchain() |

| vkGetSwapChainlmages( ) |

~

| vkCreatelmageView( )
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VkSurfaceCapabilitieskHR VSC;
vkGetPhysicalDeviceSurfaceCapa TesKHR( PhysicalDevice, Surface, OUT &vsc );
VkExtent2D surfaceRes = vsc.currentExtent;

VkSwapchainCreatelnfokHR @
vscci.sType = VK_STRUCTUR YPE_SWAPCHAIN_CREATE_INFO_KHR;
vscci.pNext = nullptr;
vscci.flags = 0;
vscci.surface = Surface;
vscci.minlmageCount = 2; Il double buffering
vscci.imageFormat = VK_FORMAT_B8G8R8A8_UNORM,;
vscci.imageColorSpace = VK_COLORSPACE_SRGB_NONLINEAR_KHR;
vscci.imageExtent.width = surfaceRes.\vidth;
vscci.imageExtent.height = surfaceRes \eight;
vscci.imageUsage = VK_IMAGE_USAGE_COLOR_ATTACHMENT_BIT;
vscci.preTransform = VK_SURFACE_TRANSFORM_IDENTITY_BIT_KHR;
vscci.compositeAlpha = VK_COMPOSITE, ALPHA_OPAQUE_BIT_KHR;
vscci.imageArraylLayers = 1;
vscci.imageSharingMode = VK_SHARING_\MODE_EXCLUSIVE;
vscci.queueFamilylndexCount = 0;
vscci.pQueueFamilylndices = (const uint32_
vscci.presentMode = VK_PRESENT_MODE_)
vscci.oldSwapchain = VK_NULL_HANDLE;
vscci.clipped = VK_TRUE;

“)nullptr;
AILBOX_KHR;

result = vkCreateSwapchainKHR( LogicalDevice, IN &vscci, PALLOCATOR, OUT &SwapChain );
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Creating the Swap Chain Images and Image Views 198

uint32_t imageCount; /I # of display buffers —2? 37?
result = vkGetSwapchainlmagesKHR( LogicalDevice, IN SwapChain, OUT &imageCount, (Vkimage *)nullptr );

Presentlmages = new Vklmage[ imageCount ];
result = vkGetSwapchainlmagesKHR( LogicalDevice, SwapChain, OUT &imageCount, Presentimages );

/I present views for the double-buffering:
PresentlmageViews = new VkimageView[ imageCount |;

for( unsigned inti = 0; i < imageCount; i++ )

Quvei

URE_TYPE_IMAGE_VIEW_CREATE_INFO;

VkImageViewCreatelnfo
vivei.sType = VK_STRU
vivci.pNext = nullptr;
vivci.flags = 0;
vivei.viewType = VK_IMAGE_VIE\W_TYPE_2D;
vivci.format = VK_FORMAT_B8G8R8A8_UNORM;
vivci.components.r = VK_COMPONENT_SWIZZLE_R;
vivci.components.g = VK_COMPONENT_SWIZZLE_G;
vivci.components.b = VK_COMPONBNT_SWIZZLE_B;
vivci.components.a = VK_COMPONENT_SWIZZLE_A;
vivci.subresourceRange.aspectMask = VK_IMAGE_ASPECT_COLOR_BIT;
vivci.subresourceRange.baseMipLevel
vivci.subresourceRange.levelCount = 1;
vivci.subresourceRange.baseArrayLayer
vivci.subresourceRange.layerCount = 1;
vivci.image = Presentimages]| i |;

result = vkCreatelmageView( LogicalDevice, IN &vivci, PALLOCATOR, OUT &PresentimageViews|[ i]);
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VkSemaphoreCreatelnfo
vsci.sType = VK_STRUCTUR
vsci.pNext = nullptr;
vsci.flags = 0;

YRE_SEMAPHORE_CREATE_INFO;

VkSemaphore imageReadySemaphore;
result = vkCreateSemaphore( LogicalDevice, IN &vsci, PALLOCATOR, OUT &imageReadySemaphore );

uint32_t nextlmagelndex;

uint64_t tmeout = UINT64_MAX;

vkAcquireNextimageKHR( LogicalDevice, IN SwapChain, IN timeout, IN imageReadySemaphore,
IN VK_NULL_HANDLE, OUT &nextimagelndex );

result = vkBeginCommandBuffer( CommandBuffers| nextimagelndex ], IN &vcbbi );

vkCmdBeginRenderPass( CommandBuffers[nextimagelndex], IN &vrpbi,
IN VK_SUBPASS_CONTENTS_INLINE );

vkCmdBindPipeline( CommandBuffers[nextimagelndex], VK_PIPELINE_BIND_POINT_GRAPHICS, GraphicsPipeline );

vkCmdEndRenderPass( CommandBuffers[ nextimagelndex ] );
vkEndCommandBuffer( CommandBuffers|[ nextimagelndex ] );
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VkFenceCreatelnfo vfci;
vfci.sType = VK_STRUCTURE_TYPE_FENCE_CREATE_INFO;
vfci.pNext = nullptr;
vfci.flags = 0;

VkFence renderFence;
vkCreateFence( LogicalDevice, &vfci, PALLOCATOR, OUT &renderFence );

VkQueue presentQueue;
vkGetDeviceQueue( LogicalDevice, FindQueueFamilyThatDoesGraphics( ), 0,
OUT &presentQueue );

VkSubmitinfo
vsi.sType = VK_STRU
vsi.pNext = nullptr;
vsi.waitSemaphoreCount =Y;
vsi.pWaitSemaphores = &mageReadySemaphore;
vsi.pWaitDstStageMask = &wali{AtBottom;
vsi.commandBufferCount = 1;
vsi.pCommandBuffers = &Comma
vsi.signalSemaphoreCount = 0;
vsi.pSignalSemaphores = &SemaphreRenderFinished;

URE_TYPE_SUBMIT_INFO;

dBuffers[ nextimagelndex ];

result = vkQueueSubmit( presentQueue, 1, IN &vsi, IN renderFence ); // 1 = submitCount
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Rendering into the Swap Chain, Il

201

VkPresentinfokHR

result = vkWaitForFences( LogicalDevice, 1, IN &renderFence, VK_TRUE, UINT64_MAX );

vpi.sType = VK_STRUCTURE_NYPE_PRESENT_INFO_KHR;
vpi.pNext = nullptr;
vpi.waitSemaphoreCount = 0;
vpi.pWaitSemaphores = (VkSemaphore *)nullptr;
vpi.swapchainCount = 1;
vpi.pSwapchains = &SwapChain;
vpi.plmagelndices = &nextimagelnde:
vpi.pResults = (VkResult *) nullptr;

result = vkQueuePresentKHR( presentQueue, IN &vpi );

7 AsiAzae
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. . . . 203
Vulkan: a More Typical (and Simplified) Block Diagram
Application
Instance |
Physical
Device
Logical
Device
3
(<}
7 Asiazame
BRISBANE mjb — September 11, 2019
Querying the Number of Physical Devices 204
uint32_t count;
result = vkEnumeratePhysicalDevices( Instance, OUT &count, OUT (VkPhysicalDevice *)nullptr );
VkPhysicalDevice * physicalDevices = new VkPhysicalDevice[ count J;
result = vkEnumeratePhysicalDevices( Instance, OUT &count, OUT physicalDevices );
This way of querying information is a recurring OpenCL and Vulkan pattern (get used to it):
How many total Where to
there are put them
result = vkEnumeratePhysicalDevices( Instance, &count, nullptr );
result = vkEnumeratePhysicalDevices( Instance, &count, physicalDevices );
& b
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Vulkan: Identifying the Physical Devices 205

VkResult result = VK_SUCCESS;

result = vkEnumeratePhysicalDevices( Instance, OUT &PhysicalDeviceCount, (VkPhysicalDevice *)nullptr );
if( result = VK_SUCCESS || PhysicalDeviceCount <= 0 )

[Application |
fprintf( FpDebug, "Could not count the physical devices\n" );
return VK_SHOULD_EXIT;
}

Physical

Device

fprintf(FpDebug, "\n%d physical devices found.\n", PhysicalDeviceCount);

VkPhysicalDevice * physicalDevices = new VkPhysicalDevice[ PhysicalDeviceCount J;

result = vkEnumeratePhysicalDevices( Instance, OUT &PhysicalDeviceCount, OUT physicalDevices
if( result 1= VK_SUCCESS)

{

fprintf( FpDebug, "Could not enumerate the %d physical devices\n", PhysicalDeviceCount );
return VK_SHOULD_EXIT;
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Which Physical Device to Use, | 206

int discreteSelect =-1;
int integratedSelect = -1;
for( unsigned int i = 0; i < PhysicalDeviceCount; i++ )

VkPhysicalDeviceProperties vpdp;
vkGetPhysicalDeviceProperties( IN physicalDevices]i], OUT &vpdp );
if( result = VK_SUCCESS))

fprintf( FpDebug, "Could not get the physical device properties of device %d\n", i );
return VK_SHOULD_EXIT;

fprintf( FpDebug, " \n\nDevice %2d:\n", i );

fprintf( FpDebug, "tAPI version: %d\n", vpdp.apiVersion );

fprintf( FpDebug, "\tDriver version: %d\n", vpdp.apiVersion );

fprintf( FpDebug, "\tVendor ID: 0x%04x\n", vpdp.vendorID );

fprintf( FpDebug, "\tDevice ID: 0x%04x\n", vpdp.devicelD );

fprintf( FpDebug, "\tPhysical Device Type: %d =", vpdp.deviceType );

if( vpdp.deviceType == VK_PHYSICAL_DEVICE_TYPE_DISCRETE_GPU ) fprintf( FpDebug, " (Discrete GPU)\n" );
if( vpdp.deviceType == VK_PHYSICAL_DEVICE_TYPE_INTEGRATED_GPU ) fprintf( FpDebug, " (Integrated GPU)\n" );
if( vpdp.deviceType == VK_PHYSICAL_DEVICE_TYPE_VIRTUAL_GPU ) fprintf( FpDebug, " (Virtual GPU)\n" );

if( vpdp.deviceType == VK_PHYSICAL_DEVICE_TYPE_CPU ) fprintf( FpDebug, " (CPU)\n" );

fprintf( FpDebug, "\tDevice Name: %s\n", vpdp.deviceName );

fprintf( FpDebug, "\tPipeline Cache Size: %d\n", vpdp.pipelineCacheUUIDI[0] );
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Which Physical Device to Use, Il 207

/I need some logical here to decide which physical device to select:

if( vpdp.deviceType == VK_PHYSICAL_DEVICE_TYPE_DISCRETE_GPU )
discreteSelect = i;

if( vpdp.deviceType == VK_PHYSICAL_DEVICE_TYPE_INTEGRATED_GPU )
integratedSelect = i;

}

int which = -1;
if( discreteSelect >=0)
{
which = discreteSelect;
PhysicalDevice = physicalDevices[which];

else if( integratedSelect >= 0 )

which = integratedSelect;
PhysicalDevice = physicalDevices[which];

}

else
fprintf( FpDebug, "Could not select a Physical Device\n" );
return VK_SHOULD_EXIT;

}

" ASIAZZ9
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Asking About the Physical Device’s Features 208

VkPhysicalDeviceProperties PhysicalDeviceFeatures;
vkGetPhysicalDeviceFeatures( IN PhysicalDevice, OUT &PhysicalDeviceFeatures );

fprintf
fprintf

FpDebug, "\nPhysical Device Features:\n");

FpDebug, "geometryShader = %2d\n", PhysicalDeviceFeatures.geometryShader);

fprintf( FpDebug, "tessellationShader = %2d\n", PhysicalDeviceFeatures.tessellationShader );

fprintf( FpDebug, "multiDrawindirect = %2d\n", PhysicalDeviceFeatures.multiDrawindirect );

fprintf( FpDebug, "wideLines = %2d\n", PhysicalDeviceFeatures.wideLines );

fprintf( FpDebug, "largePoints = %2d\n", PhysicalDeviceFeatures.largePoints );

fprintf( FpDebug, "multiViewport = %2d\n", PhysicalDeviceFeatures.multiViewport );

fprintf( FpDebug, "occlusionQueryPrecise = %2d\n", PhysicalDeviceFeatures.occlusionQueryPrecise );
fprintf( FpDebug, "pipelineStatisticsQuery = %2d\n", PhysicalDeviceFeatures.pipelineStatisticsQuery );
fprintf( FpDebug, "shaderFloat64 = %2d\n", PhysicalDeviceFeatures.shaderFloat64 );
(
(

fprintf( FpDebug, "shaderInt64 = %2d\n", PhysicalDeviceFeatures.shaderInt64 );
fprintf( FpDebug, "shaderInt16 = %2d\n", PhysicalDeviceFeatures.shaderInt16 );
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Here’s What the NVIDIA RTX 2080 Ti Produced

vkEnumeratePhysicalDevices:

Device 0:
API version: 4198499
Driver version: 4198499
Vendor ID: 0x10de
Device ID: Ox1e04
Physical Device Type: 2 = (Discrete GPU)
Device Name: RTX 2080 Ti
Pipeline Cache Size: 206
Device #0 selected (‘RTX 2080 Ti')

Physical Device Features:
geometryShader = 1
tessellationShader = 1
multiDrawlIndirect = 1
wideLines = 1

largePoints = 1
multiViewport = 1
occlusionQueryPrecise = 1
pipelineStatisticsQuery = 1
shaderFloat64 = 1
shaderInt64 = 1
shaderInt16 = 1

209
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Here’s What the Intel HD Graphics 520 Produced

vkEnumeratePhysicalDevices:

Device 0:
API version: 4194360
Driver version: 4194360
Vendor ID: 0x8086
Device ID: 0x1916
Physical Device Type: 1 = (Integrated GPU)
Device Name: Intel(R) HD Graphics 520
Pipeline Cache Size: 213
Device #0 selected ('Intel(R) HD Graphics 520°)

Physical Device Features:
geometryShader = 1
tessellationShader = 1
multiDrawlIndirect = 1
wideLines = 1

largePoints = 1
multiViewport = 1
occlusionQueryPrecise = 1
pipelineStatisticsQuery = 1
shaderFloat64 = 1
shaderInt64 = 1
shaderInt16 = 1

210
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Asking About the Physical Device’s Different Memories

211

VkPhysicalDeviceMemoryProperties vpdmp;
vkGetPhysicalDeviceMemoryProperties( PhysicalDevice, OUT &vpdmp );

fprintf( FpDebug, "\n%d Memory Types:\n", vpdmp.memoryTypeCount );
for( unsigned int i = 0; i < vpdmp.memoryTypeCount; i++ )

{
VkMemoryType vmt = vpdmp.memoryTypes]i];
fprintf( FpDebug, "Memory %2d: ", i);
if( ( vmt.propertyFlags & VK_MEMORY_PROPERTY_DEVICE_LOCAL_BIT )!=0) fprintf( FpDebug, " DeviceLocal" );
if( ( vmt.propertyFlags & VK_MEMORY_PROPERTY_HOST_VISIBLE BIT  )!=0) fprintf( FpDebug, " HostVisible" )
if( ( vmt.propertyFlags & VK_MEMORY_PROPERTY_HOST_COHERENT_BIT )!=0) fprintf( FpDebug, " HostCoherent" );
if( ( vmt.propertyFlags & VK_MEMORY_PROPERTY_HOST_CACHED_BIT )!=0) fprintf( FpDebug, " HostCached" );
if( ( vmt.propertyFlags & VK_MEMORY_PROPERTY_LAZILY_ALLOCATED_BIT )!=0) fprintf( FpDebug, " LazilyAllocated" );
fprintf(FpDebug, "\n");
}

fprintf( FpDebug, "\n%d Memory Heaps:\n", vpdmp.memoryHeapCount );
for( unsigned int i = 0; i < vpdmp.memoryHeapCount; i++ )
{
fprintf(FpDebug, "Heap %d: ", i);
VkMemoryHeap vmh = vpdmp.memoryHeapsli];
fprintf( FpDebug, " size = 0x%08Ix", (unsigned long int)vmh.size );
if( ( vmh.flags & VK_MEMORY_HEAP_DEVICE_LOCAL_BIT )!=0) fprintf( FpDebug, " DeviceLocal" ); // only one in use
fprintf(FpDebug, "\n");

* ASIA29
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Here’s What | Got

11 Memory Types:
Memory 0:
Memory
Memory
Memory
Memory
Memory
Memory 6:
Memory 7: DevicelLocal

Memory 8: DevicelLocal

Memory 9: HostVisible HostCoherent

Memory 10: HostVisible HostCoherent HostCached

NogohRXN2O

2 Memory Heaps:
Heap 0: size = 0xb7c00000 DevicelLocal
Heap 1: size = 0xfac00000
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Asking About the Physical Device’s Queue Families 213

uint32_t count = -1;
vkGetPhysicalDeviceQueueFamilyProperties( IN PhysicalDevice, &count, OUT (VkQueueFamilyProperties *)nullptr );
fprintf( FpDebug, "\nFound %d Queue Families:\n", count );

VkQueueFamilyProperties *vafp = new VkQueueFamilyProperties[ count J;
vkGetPhysicalDeviceQueueFamilyProperties( IN PhysicalDevice, &count, OUT vqfp );
for( unsigned int i = 0; i < count; i++ )

fprintf( FpDebug, "\t%d: queueCount = %2d ; ", i, vafp[i].queueCount );

if( ( vafplil.queueFlags & VK_QUEUE_GRAPHICS BIT)!=0) fprintf( FpDebug, " Graphics" );
if( ( vafp[i].queueFlags & VK_QUEUE_COMPUTE_BIT )!=0) fprintf( FpDebug, " Compute " );
if( ( vafp[i].queueFlags & VK_QUEUE_TRANSFER BIT)!=0) fprintf( FpDebug, " Transfer" );
fprintf(FpDebug, "\n");
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Here’s What | Got 214

Found 3 Queue Families:
0: queueCount =16 ; Graphics Compute Transfer
1: queueCount= 2 ; Transfer
2:queueCount= 8 ; Compute
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Vulkan: a More Typical (and Simplified) Block Diagram 216

Application

Physical
Device

Logical
Device

Command Buffer
| Command Buffer
| Command Buffer

Queue

PSR
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Looking to See What Device Layers are Available 217

const char * myDevicelLayers[ ] =

{
/I "VK_LAYER_LUNARG_api_dump",
/I"VK_LAYER_LUNARG_core_validation",
/I "VK_LAYER_LUNARG_image",
"VK_LAYER_LUNARG_object_tracker",
"VK_LAYER_LUNARG_parameter_validation",
/I "VK_LAYER_NV_optimus"

h

const char * myDeviceExtensions[ | =

{
"VK_KHR_surface",
"VK_KHR_win32_surface",
"VK_EXT_debug_report"
/1"VK_KHR_swapchains"

h

/] see what device layers are available:

uint32_t layerCount;
vkEnumerateDevicelLayerProperties(PhysicalDevice, &layerCount, (VkLayerProperties *)nullptr);

VkLayerProperties * deviceLayers = new VkLayerProperties[layerCount];

result = vkEnumerateDeviceLayerProperties( PhysicalDevice, &layerCount, deviceLayers);
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Looking to See What Device Extensions are Available 218

/I see what device extensions are available:

uint32_t extensionCount;

vkEnumerateDeviceExtensionProperties(PhysicalDevice, deviceLayersJi].layerName,
&extensionCount, (VkExtensionProperties *)nullptr);

VKExtensionProperties * deviceExtensions = new VkExtensionProperties[extensionCount];

result = vkEnumerateDeviceExtensionProperties(PhysicalDevice, deviceLayersJi].layerName,
&extensionCount, deviceExtensions);
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What Device Layers and Extensions are Available 219
4 physical device layers enumerated:
0x00401063 1 'VK_LAYER_NV_optimus' 'NVIDIA Optimus layer'
0 device extensions enumerated for 'VK_LAYER_NV_optimus":
0x00401072 1 'VK_LAYER_LUNARG_core_validation' 'LunarG Validation Layer'
2 device extensions enumerated for 'VK_LAYER_LUNARG_core_validation':
0x00000001 'VK_EXT_validation_cache'
0x00000004 'VK_EXT_debug_marker'
0x00401072 1 'VK_LAYER_LUNARG_object_tracker' 'LunarG Validation Layer'
2 device extensions enumerated for 'VK_LAYER_LUNARG_object_tracker"
0x00000001 'VK_EXT_validation_cache'
0x00000004 'VK_EXT_debug_marker'
0x00401072 1 'VK_LAYER_LUNARG_parameter_validation' 'LunarG Validation Layer'
2 device extensions enumerated for 'VK_LAYER_LUNARG_parameter_validation':
0x00000001 'VK_EXT_validation_cache'
0x00000004 'VK_EXT_debug_marker'
* ASlA279
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Vulkan: Creating a Logical Device 220
float queuePriorities[1] = Application
{

1.

Physical
Device

VkDeviceQueueCreatelnfo (vdqci;)
vdqci.sType = VK_STRU RE_TYPE_DEVICE_QUEUE_CREATE_INFO;
vdqci.pNext = nullptr;
vdqci.flags = 0;
vdqci.queueFamiltyindex = §;
vdqci.queueCount = 1;
vdqci.pQueueProperties = qué

Logical
Device

vdci.pNext = nullptr)
vdci.flags = 0;

/I # of device queues

vdqci; /I array of VkDeviceQueueCreatelnfo's
of(myDevicelLayers) / sizeof(char *);

vdci.pQueueCreatelnfos =
vdci.enabledLayerCount = si
vdci.enabledLayerCount = 0;
vdci.ppEnabledLayerNames = myBgvicelLayers;
vdci.enabledExtensionCount = 0;
vdci.ppEnabledExtensionNames = (const char **)nullptr; /I no extensons
vdci.enabledExtensionCount = sizeof(myBegviceExtensions) / sizeof(char *);
vdci.ppEnabledExtensionNames = myDevic®Extensions;

vdci.pEnabledFeatures = IN &PhysicalDeviceFgatures;

. result = vkCreateLogicalDevice( PhysicalDevice, IN &vdci, PALLOCATOR, OUT &LogicalDevice );
-/ © BRISBANE mijb — September 11, 2019
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Vulkan: Creating the Logical Device’s Queue 221
/I get the queue for this logical device:
vkGetDeviceQueue( LogicalDevice, 0, 0, OUT &Queue ); /10, 0 = queueFamilylndex, queuelndex
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Creating a Pipeline with Dynamically Changeable State Variables 223

The graphics pipeline is full of state information, and, as previously-
discussed, is immutable, that is, the information contained inside it is fixed,
and can only be changed by creating a new graphics pipeline with new
information.

That isn’t quite true. To a certain extent, you can declare parts of the pipeline
state changeable. This allows you to change pipeline information on the fly.

This is useful for managing state information that needs to change frequently.
This also creates possible optimization opportunities for the Vulkan driver.
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Which Pipeline State Variables can be Changed Dynamically 224

The possible uses for dynamic variables are shown in the VkDynamicState enum:

VK_DYNAMIC_STATE_VIEWPORT
VK_DYNAMIC_STATE_SCISSOR
VK_DYNAMIC_STATE_LINE_WIDTH
VK_DYNAMIC_STATE_DEPTH_BIAS
VK_DYNAMIC_STATE_BLEND_CONSTANTS
VK_DYNAMIC_STATE_DEPTH_BOUNDS
VK_DYNAMIC_STATE_STENCIL_COMPARE_MASK
VK_DYNAMIC_STATE_STENCIL_WRITE_MASK
VK_DYNAMIC_STATE_STENCIL_REFERENCE
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Creating a Pipeline 225

VkDynamicState

VK_DYNAMIC_STATE_VIEWPORT,
VK_DYNAMIC_STATE_LINE_WIDTH

VkPipelineDynamicStateCreatelnfo
vpdsci.sType = VK_STRUCTURJE_ PELINE_DYNAMIC_STATE_CREATE_INFO;
vpdsci.pNext = nullptr;
vpdsci.flags = 0;
vpdsci.dynamicStateCount =Aizeof(vg
vpdsci.pDynamicStates = &vds;

) / sizeof(VkDynamicState);

VkGraphicsPipelineCreatelnfo

vgpci.pDynamicState = &vpdsci;

vkCreateGraphicsPipelines( LogicalDevice, pipelineCache, 1, &vgpci, PALLOCATOR, &GraphicsPipeline );

If you declare certain state variables to be dynamic like this, then you
must fill them in the command buffer! Otherwise, they are undefined.
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Filling the Dynamic State Variables in the Command Buffer 226

The command buffer-bound function calls to set these dynamic states are:

vkCmdSetViewport( commandBuffer, firstViewport, viewportCount, pViewports );

vkCmdSetScissor( commandBuffer, firstScissor, scissorCount, pScissors );

vkCmdSetLineWidth( commandBuffer, linewidth );

vkCmdSetDepthBias( commandBuffer, depthBiasConstantFactor, depthBiasClamp, depthBiasSlopeFactor );
vkCmdSetBlendConstants( commandBuffer, blendConstants[4] );

vkCmdSetDepthBounds( commandBuffer, minDepthBounds, maxDepthBounds );
vkCmdSetStencilCompareMask( commandBuffer, faceMask, compareMask );

vkCmdSetStencilWriteMask( commandBuffer, faceMask, writeMask );

vkCmdSetStencilReference( commandBuffer, faceMask, reference );
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Push Constants 228

In an effort to expand flexibility and retain efficiency, Vulkan provides something called
Push Constants. Like the name implies, these let you “push” constant values out to
the shaders. These are typically used for small, frequently-updated data values. This
is good, since Vulkan, at times, makes it cumbersome to send changes to the
graphics.

By “small”, Vulkan specifies that these must be at least 128 bytes in size, although
they can be larger. For example, the maximum size is 256 bytes on the NVIDIA 1080ti.
(You can query this limit by looking at the maxPushConstantSize parameter in the
VkPhysicalDeviceLimits structure.) Unlike uniform buffers and vertex buffers, these
are not backed by memory. They are actually part of the Vulkan pipeline.
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Push Constants

On the shader side, if, for example, you are sending a 4x4 matrix, the use of push
constants in the shader looks like this:

layout( push_constant ) uniform matrix

mat4 modelMatrix;
} Matrix;

On the application side, push constants are pushed at the shaders by binding them to
the Vulkan Command Buffer:

vkCmdPushConstants( CommandBuffer, PipelineLayout, stageFlags,
offset, size, pValues );

where:
stageFlags are or’ed bits of VK_PIPELINE_STAGE_VERTEX_SHADER_BIT,
VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT, etc.

size is in bytes

pValues is a void * pointer to the data, which in this 4x4 matrix example, would be of
3 type glm::mat4.

PN
185

ASIA 2219
BRISBANE

229

mjb - September 11, 2019

Setting up the Push Constants for the Pipeline Structure

Prior to that, however, the pipeline layout needs to be told about the Push Constants:

230

VkPushConstantRange vpcer[1];
vpcr[0].stageFlags =
VK_PIPELINE_STAGE_VERJEX_SHADER_BIT
| VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT;
vpcr[0].offset = 0;
vpcr[0].size = sizeof( glm::mat4 );

VkPipelineLayoutCreatelnfo vplci;

vplci.sType = VK_STRUCTURE_TYPE_PIPELINE_LAYOUT_CREATE_INFO;
vplci.pNext = nullptr;
vplci.flags = 0;
vplci.setLayoutCount = 4;
vplci.pSetLayouts = DescriptorSeflLayouts;
vplci.pushConstantRangeCount
vplci.pPushConstantRanges = &vpcr[0];

result = vkCreatePipelineLayout( LogicalDevice, IN &vplci, PALLOCATOR,
OUT &GraphicsPipelineLayout );
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Creating a Pipeline 231

Descriptor Set
Layouts

VkPipelineLayoutCreatelnfo

which stage (VERTEX, etc.) binding

stride

i location
VkShaderModule inputRate binding
/ format

| offset
)

pd

VkVertexinputAttributeDescription

| vkCreatePipelineLayout( ) | VkVertexinputBindingD

| VkPipelineShaderStageCreatelnfo |

/ kPipe reatelnfo | Topology

Shaders /K/ VkPipelinelnputAssemblyStateCreatelnfo

Vertexinput State h

InputAssembly State 47 X, YbW, -
Viewport State «—1 P

Rasterization State <= T N
Rastorzaton St \| VkPipelineRasterizationStateCreatelnfo )\

DSl ate + VKPipelineDepthStencilStateCreatelnto_| culiMode
polygonMode
Dynamic State \ frontFace
— Pipeline layout lineWidth
RenderPass
basePipelineHandle
basePipelinelndex
depthTestEnable
VkPipelineColorBlendStateCreatelnfo | depthWriteEnable
depthCompareOp
VkGraphicsPipeIineCrea(elnfk\ | stencilTestEnable
stencilOpStateFront
stencilO
| VkPipelineColor |
blendEnable

srcColorBlendFactor

dstColorBlendFactor
colorBlendOp

— N srcAlphaBlendFactor

VkPipelineDynamicStateCreatelnfo | dstAlphaBlendFactor
alphaBlendOp

color

| vkCreateGraphicsPipeline( ) |

Jererel Graphics Pipeline
BRISBANE e ——

| Array naming the states that can be set dynamically ‘
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An Robotic Example using Push Constants 232

A robotic animation (i.e., a hierarchical transformation system)

Where each arm is represented by:

struct arm
{
glm:mat4 armMatrix;
glm::vec3 armColor;
float armScale; // scale factor in x

b

struct armArm1;
struct armArm2;
struct armArm3;
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In the Reset Function 233

struct arm Arm1;
struct arm Armz2;
struct arm Arm3;

Arm1.armMatrix = glm::mat4(%;
Arm1.armColor = glm::vec3( 0.f,
Arm1.armScale = 6.f;

0f);

Arm2.armMatrix = glm::mat4(%;
Arm2.armColor = glm::vec3( 1.f, 0.f, 0.f ); >The constructor gim::mat4( )

Arm2.armScale =4.f; produces an identity matrix. The
actual transformation matrices
Arm3.armMatrix = glm::mat4(%); will be set in UpdateScene( ).

Arm3.armColor = glm::vec3( 0., 0.f, 1.f);
Arm3.armScale = 2.f;

PSR
/- AslA2a19
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Setup the Push Constant for the Pipeline Structure 234

VkPushConstantRange vper[1];
vpcr[0].stageFlags = L/
VK_PIPELINE_STAGE_[VERTEX_SHADER_BIT
| VK_PIPELINE_STAGE|FRAGMENT_SHADER_BIT;
vpcr[0].offset = 0;
vpcr[0].size = sizeof( struct arm )

VkPipelineLayoutCreatelnfo vplci;

vplci.sType =
VK_STRUCTURE_TYPE_PIPELINE_LAYOUT_CREATE_INFO;

vplci.pNext = nullptr;
vplci.flags = 0;
vplci.setLayoutCount = 4;
vplci.pSetLayouts = DescriptorSetLayouts;
vaci.pushConstantRangeCountj= 1;
vplci.pPushConstantRanges = &vpcr[0];

result = vkCreatePipelineLayout( LogicalDevice, IN &vplci, PALLOCATOR,
OUT &GraphicsPipelineLayout );
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float rot1 = (float)Time;
float rot2 = 2.f * rot1;
float rot3 = 2.f * rot2;

glm::vec3 zaxis = glm::vec3(0., 0., 1.);

glm::mat4 m1g = glm::mat4();
m1g = glm::translate(m1g, gim::vec3(0., 0., 0.));
m1g = glm::rotate(m1g, rot1, zaxis);

glm::mat4 m21 = glm::mat4();

m21 = glm::translate(m21, glm::vec3(2.*Arm1.armScale, 0., 0.));
m21 = glm::rotate(m21, rot2, zaxis);

m21 = glm::translate(m21, gim::vec3(0., 0., 2.));

glm::mat4 m32 = gim::mat4();

m32 = glm::translate(m32, gim::vec3(2.*Arm2.armScale, 0., 0.));
m32 = glm::rotate(m32, rot3, zaxis);

m32 = glm::translate(m32, gim::vec3(0., 0., 2.));

Arm1.armMatrix = m1g; I'm1g
Arm2.armMatrix = m1g * m21; I m2g
Arm3.armMatrix = m1g * m21 * m32; // m3g

" AsiAz9
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In the RenderScene Function 236

VkBuffer buffers[1] = { MyVertexDataBuffer.buffer };
vkCmdBindVertexBuffers( CommandBuffers[nextimagelndex], 0, 1, buffers, offsets );
vkCmdPushConstants( CommandBuffers[nextimagelndex], GraphicsPipelineLayout,

VK_SHADER_STAGE_ALL, 0, sizeof(struct arm), (void *)&Arm1 );
vkCmdDraw( CommandBuffers[nextimagelndex], vertexCount, instanceCount, firstVertex, firstinstance );

vkCmdPushConstants( CommndBuffers[nextimagelndex], GraphicsPipelineLayout,
VK_SHADER_STA ALL, 0, sizeof(struct arm), (void *)&Arm2 );
vkCmdDraw( CommandBuffers[neX{imagelndex], vertexCount, instanceCount, firstVertex, firstinstance );

vkCmdPushConstants( CommandBuffersfyextimageln
VK_SHADER_STAGE_ALL, 0, s\
vkCmdDraw( CommandBuffers[nextimagelnd

x], GraphicsPipelineLayout,
), (void *)&Arm3 );
t, instanceCount, firstVertex, firstinstance );
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/- Asiazae
BRISBANE

mjb - September 11, 2019

9/11/2019

118



In the Vertex Shader 237

layout( push_constant ) uniform arm
{

mat4 armMatrix;

vec3 armColor;

float armScale; /I scale factor in x
} RobotArm;
layout( location = 0 ) in vec3 aVertex;
vec3 bVertex = aVertex; /I arm coordinate systemis [-1., 1.]in X
bVertex.x += 1.; /I'now is [0., 2.]
bVertex.x /= 2,; /I'now is [0., 1.]
bVertex.x *= (RobotArm.armScale ); /I now is [0., RobotArm.armScale]
bVertex = vec3( RobotArm.armMatrix * vec4( bVertex, 1.) );
gl_Position = PVM * vec4( bVertex, 1. ); /I Projection * Viewing * Modeling matrices
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Getting Information Back from the Graphics System

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan
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Setting up Query Pools

» There are 3 types of Queries: Occlusion, Pipeline Statistics, and Timestamp
» Vulkan requires you to first setup “Query Pools”, one for each specific type

» This indicates that Vulkan thinks that Queries are time-consuming (relatively) to setup,
and thus better to set them up in program-setup than in program-runtime

" ASIAZZ9
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Setting up Query Pools

240

VkQueryPoolCreatelnfo
vgpci.sType = VK_STRUCTURE|TYPE_QUERY_POOL_CREATE_INFO;
vgpci.pNext = nullptr;
vgpci.flags = 0;
vgpci.queryType = << one of: >> |

VK_QUERY_TYPE_OCCL
VK_QUERY_TYPE_PIPELI
VK_QUERY_TYPE_TIMES
vgpci.queryCount = 1;
vgpci.pipelineStatistics = 0; «——
are doing a pipeline statistics query

VK_QUERY_PIPELINE_STATISTIC_INPUT_ASSEMBLY_M&RTICES_BIT

VK_QUERY_PIPELINE_STATISTIC_INPUT_ASSEMBLY_PRIMITIVES_BIT /

VK_QUERY_PIPELINE_STATISTIC_VERTEX_SHADER_IN\OCATIONS_BIT

VK_QUERY_PIPELINE_STATISTIC_GEOMETRY_SHADE {NVOCATIONS_BIT

VK_QUERY_PIPELINE_STATISTIC_GEOMETRY_SHADER| PRIMITIVES_BIT

VK_QUERY_PIPELINE_STATISTIC_CLIPPING_INVOCAT|ANS_BIT

VK_QUERY_PIPELINE_STATISTIC_CLIPPING_PRIMITIVEY BIT

VK_QUERY_PIPELINE_STATISTIC_FRAGMENT_SHADER_JVOCATIONS_BIT

X RPL_SHADER_PATCHES_BIT

VK_QUERY_PIPELINE STATISTIC_TESSELLATION7CO
ATION_SHADER_INVOCATIONS_BIT

VK_QUERY_PIPELINE STATISTICiTESSELLATION_EVA
DCATIONS_BIT

VK_QUERY_PIPELINE_STATISTIC_COMPUTE_SHADER

VkQueryPool occlusionQueryPool;

result = vkCreateQueryPool( LogicalDevice, IN §v§pci, PALLOCATOR, OUT &occlusionQueryPool );

VkQueryPool statisticsQueryPool;
result = vkCreateQueryPool( LogicalDevice, IN &yqgpci, PALLOCATOR, OUT &statisticsQueryPool );

VkQueryPool timestampQueryPool;

result = vkCreateQueryPool( LogicalDevice, IN &vgpci, PALLOCATOR, OUT &timestampQueryPool
‘ )

', 2019

9/11/2019

120



Resetting, Filling, and Examining a Query Pool 241

vkCmdResetQueryPool( CommandBuffer, occlusionQueryPool, 0, 1);

vkCmdBeginQuery( CommandBuffer, occlusionQueryPool, 0, VK_QUERY_CONTROL_PRECISE_BIT );

query index number

vkCmdEndQuery( CommandBuffer, occlusionQueryPool, 0 );

#define DATASIZE 128
uint32 t  data[DATASIZE];

result = vkGetQueryPoolResults( LogicalDevice, occlusionQueryPool, 0, 1, DATASIZE*sizeof(uint32_t), data, stride, flags );

/I or’ed combinations of:

/I VK_QUERY_RESULT_64_BIT

/I VK_QUERY_RESULT_WAIT_BIT

/I VK_QUERY_RESULT_WITH_AVAILABILTY_BIT

I VK_QUERY_RESULT:PARTIAL_BIT
/I stride is # of bytes in between each result

" ASIAZZ9
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Occlusion Query 242
Occlusion Queries count the number of fragments drawn between the vkCmdBeginQuery and the
vkCmdEndQuery that pass both the Depth and Stencil tests
This is commonly used to see what level-of-detail should be used when drawing a complicated object
Some hints:
« Don’t draw the whole scene — just draw the object you are interested in
« Don’t draw the whole object — just draw a simple bounding volume at least as big as the object
« Don’t draw the whole bounding volume — cull away the back faces (two reasons: time and correctness)

« Don't draw the colors — just draw the depths (especially if the fragment shader is time-consuming)

uint32_t fragmentCount;
result = vkGetQueryPoolResults( LogicalDevice, occlusionQueryPool, 0, 1,
sizeof(uint32_t), &fragmentCount, 0, VK_QUERY_RESULT_WAIT_BIT );

" ASIAZZ9
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Pipeline Statistics Query

Pipeline Statistics Queries count how many of various things get done between the vkCmdBeginQuery
and the vkCmdEndQuery

243

uint32_t counts[NUM_STATS];
result = vkGetQueryPoolResults( LogicalDevice, statisticsQueryPool, 0, 1,
NUM_STATS*sizeof(uint32_t), counts, 0, VK_QUERY_RESULT_WAIT_BIT );

/I vgpci.pipelineStatistics = or’ed bits of:;

/I VK_QUERY_PIPELINE_STATISTIC_INPUT_ASSEMBLY_VERTICES_BIT

/I VK_QUERY_PIPELINE_STATISTIC_INPUT_ASSEMBLY_PRIMITIVES_BIT

/I VK_QUERY_PIPELINE_STATISTIC_VERTEX_SHADER_INVOCATIONS_BIT

/I VK_QUERY_PIPELINE_STATISTIC_GEOMETRY_SHADER_INVOCATIONS_BIT

/I VK_QUERY_PIPELINE_STATISTIC_GEOMETRY_SHADER_PRIMITIVES_BIT

/I VK_QUERY_PIPELINE_STATISTIC_CLIPPING_INVOCATIONS_BIT

/I VK_QUERY_PIPELINE_STATISTIC_CLIPPING_PRIMITIVES_BIT

/I VK_QUERY_PIPELINE_STATISTIC_FRAGMENT_SHADER_INVOCATIONS_BIT

/I VK_QUERY_PIPELINE_STATISTIC_TESSELLATION_CONTROL_SHADER_PATCHES_BIT
/I VK_QUERY_PIPELINE_STATISTIC_TESSELLATION_EVALUATION_SHADER_INVOCATIONS_BIT
/I VK_QUERY_PIPELINE_STATISTIC_COMPUTE_SHADER_INVOCATIONS_BIT

PN
185
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Timestamp Query

Timestamp Queries count how many nanoseconds of time elapsed between the vkCmdBeginQuery and
the vkCmdEndQuery.

uinté4_t nanosecondsCount;

result = vkGetQueryPoolResults( LogicalDevice, timestampQueryPool, 0, 1,
sizeof(uint64_t), &nanosecondsCount, 0,
VK_QUERY_RESULT_64_BIT | VK_QUERY_RESULT_WAIT_BIT);

PN N
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Timestamp Query 245

The vkCmdWriteTimeStamp( ) function produces the time between when this function is called and when
the first thing reaches the specified pipeline stage.

Even though the stages are “bits”, you are supposed to only specify one of them, not “or” multiple ones
together

vkCmdWriteTimeStamp( CommandBuffer, pipelineStages, timestampQueryPool, 0 );

/I VK_PIPELINE_STAGE_TOP_OF_PIPE_BIT /

/I VK_PIPELINE_STAGE_DRAW_INDIRECT_BIT

/I VK_PIPELINE_STAGE_VERTEX_INPUT_BIT

/I VK_PIPELINE_STAGE_VERTEX_SHADER_BIT

/I VK_PIPELINE_STAGE_TESSELLATION_CONTROL_SHADER_BIT,

/I VK_PIPELINE_STAGE_TESSELLATION_EVALUATION_SHADER_BIT

/I VK_PIPELINE_STAGE_GEOMETRY_SHADER_BIT,

/I VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT VK_PIPELINE_STAGE_EARLY_FRAGMENT_TESTS_BIT
/I VK_PIPELINE_STAGE_LATE_FRAGMENT_TESTS_BIT VK_PIPELINE_STAGE_COLOR_ATTACHMENT_OUTPUT_BIT
/I VK_PIPELINE_STAGE_COMPUTE_SHADER_BIT

/I VK_PIPELINE_STAGE_TRANSFER_BIT

/I VK_PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT

/I VK_PIPELINE_STAGE_HOST_BIT

/- Asiazae
BRISBANE

mjb - September 11, 2019

246

(Vuri(am

Compute Shaders

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan

ComputeShaders.ppix mjb - September 11, 2019
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Descriptor Set Push Constants
Layouts

VkPipelineLayoutCreatelnfo

Here is how you create a Compute Pipeline

which stage (COMPUTE)
VkShaderModule

| vkCreatePipelineLayout( ) |

| VkPipelineShaderStageCreatelnfo |

Shaders/

—> Pipeline layout
basePipelineHandle
basePipelinelndex

VkComputePipelineCreatelnfo

| vkCreateComputePipelines( )

q

Compute Pipeline

D

" AsiA2o19
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Start by Creating the Data Buffers

This is a Particle System application, so we need Positions, Velocities, and (possibly) Colors

layout( std140, set = 0, binding = 0 ) buffer Pos
Kl
h
layout( std140, set = 0, binding = 1) buffer Vel
[2])*
h

layout( std140, set = 0, binding =

vecd Positions[ J; // array of structures

vecd Velocities[ ;

buffer Col

vec4 Colors[ J; /I array of structures

248

You can use the empty brackets,
but only on the /ast element of the
buffer. The actual dimension will
be determined for you when
Vulkan examines the size of this
buffer’s data store.
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Creating a Shader Storage Buffer 249

VkBuffer Buffer;

VkBufferCreatelnfo vbci;
vbci.sType = VK_STRUCTURE_TYPE_BUFFER_CREATE_INFO;
vbci.pNext = nullptr;
vbci.flags = 0;

vbci.size = << buffer size in byte
vbci.usage = VK_USA! STORAGE_BUFFER_BIT;
vbci.sharingMode = VK_SHARING_MODE_EX SIVE;

vbci.queueFamilylndexCount = 0;
vbci.pQueueFamilylndices = (const iont32_t) nullptr;

result = vkCreateBuffer ( LogicalDevice, IN &vbci, PALLOCATOR, OUT &Buffer );

Sheh
/- ASIA2a9
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Vulkan: Allocating Memory for a Buffer, Binding a 250
Buffer to Memory, and Writing to the Buffer

VkMemoryRequirements vmr;
result = vkGetBufferMemoryRequirements( LogicalDevice, Buffer, OUT &vmr );

VkMemoryAllocatelnfo vmai;
vmai.sType = VK_STRUCTURE_TYPE_MEMORY_ALLOCATE_INFO;
vmai.pNext = nullptr;
vmai.flags = 0;
vmai.allocationSize = vmr.size;
vmai.memoryTypelndex = FindMemoryThatlsHostVisible( );

VkDeviceMemory vdm;
result = vkAllocateMemory( LogicalDevice, IN &vmai, PALLOCATOR, OUT &vdm );

result = vkBindBufferMemory( LogicalDevice, Buffer, IN vdm, 0 ); /1 0 is the offset

result = vkMapMemory( LogicalDevice, IN vdm, 0, VK_WHOLE_SIZE, 0, &ptr );

<< do the memory copy >>

result = vkUnmapMemory( LogicalDevice, IN vdm );

PR
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Fill the Data Buffer

VkResult
Fillo5DataBuffer( IN MyBuffer myBuffer, IN void * data )
{

I the size of the data had better match the size that was used to init the buffer!
void * pGpuMemory;

/I 0 and 0 are offset and flags
memcpy( pGpuMemory, data, (size_t)myBuffer.size );
vkUnmapMemory( LogicalDevice, IN myBuffer.vdm );
return VK_SUCCESS;

vkMapMemory( LogicalDevice, IN myBuffer.vdm, 0, VK_WHOLE_SIZE, 0, OUT &pGpuMemory );

PG
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Create the Compute Pipeline Layout

VkPipelineLayout ComputePipelineLayout;

VkDescriptorSetLayout =~ ComputeSetLayout; \

VkDescriptorSetLayoutBinding ComputeSet[1];
ComputeSet[0].binding =0;
ComputeSet[0].descriptorType = VHK_DESCRIPTOR_T
ComputeSet[0].descriptorCount =3
ComputeSet[0].stageFlags = VK_SHADER_STAC
ComputeSet[0].pImmutableSampl

®E_STORAGE_BUFFER;

COMPUTE_BIT;

s = (VkSampler *)nullpfr;

VkDescriptorSetLayoutCreatelnfo
vdslc0.sType = VK_STRUCTU
vdslc0.pNext = nullptr;
vdslc0.flags = 0;
vdslc0.bindingCount = 1;
vdslc0.pBindings = &ComputeSet[0];

vdslc;
_TYPE_DESCRIPTOR_SET_LAYOUT_CREATE_INFO;

result = vkCreateDescriptorSetLayout( LogicalDevice, &vdslc, PALLOCATOR, OUT &ComputeSetLayout )}

VkPipelineLayoutCreatelnfo vplci;
vplci.sType = VK_STRUCTURE_TYPE_PIPELINE_LAYOUT_CR]
vplci.pNext = nullptr;
vplci.flags = 0;
vplci.setLayoutCount = 1;
vplci.pSetLayouts = ComputeSetLayout;
vplci.pushConstantRangeCount = 0;
vplci.pPushConstantRanges = (VkPushConstantRange *)nullptr;

result = vkCreatePipelineLayout( LogicalDevice, IN &vplci, PALLOCATOR, OUT &ComputePipelineLayout );

* ASIA219
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Create the Compute Pipeline 253

VkPipeline ComputePipeline;

VkPipelineShaderStageCreatelnfo Vpssci;
vpssci.sType = VK_STRUCTURE_TYPE_PIPELINE_SHADER_STAGE_CREATE_INFO;
vpssci.pNext = nullptr;

vpssci.flags = 0;

vpssci.stage = VK_SHADER_STA
vpssci.module = computeShader;

vpssci.pName = "main";

vpssci.pSpecializationInfo = (VkSpecializationInfo *)nullptr;

VkComputePipelineCreatelnfo vepei[1];
vepci[0].sType = VK_STRUCTURE_TYPE_COMPUTE_PIPELINE_CREATE_INFO;
vepci[0].pNext = nullptr;
vepcei[0].flags = 0;
vepcei[0].stage = vpssci;
vepcei[0].layout = ComputePipelineLayout;
vepcei[0].basePipelineHandle = VK_NULL_HANDLE;
vepcei[0].basePipelinelndex = 0;

result = vkCreateComputePipelines( LogicalDevice, VK_NULL_HANDLE, 1, &vcpci[0], PALLOCATOR, &ComputePipeline );

Sheh
/- ASIA2a9
BRISBANE

mjb - September 11, 2019

The Particle System Compute Shader -- Setup 254

#version 430
#extension GL_ARB_compute_shader : enable

layout( std140, set = 0, binding = 0 ) buffer Pos

{

vecd Positions[ ; /I array of structures
I3
layout( std140, set = 0, binding = 1) buffer Vel
{

vecd Velocities[ 1; /I array of structures
I3

layout( std140, set = 0, binding = 2 ) buffer Col

vecd Colors[ I; /I array of structures

b

layout( local_size_x = 64, .Iocal_size_y =1, local_size_z=1) in;

\

This is the number of work-itemé per work-group, set in the compute shader.

The number of work-groups is set in the vkCmdDispatch( ) function call in the C/C++ program.

PN N
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The Particle System Compute Shader — The Physics 255
#define POINT vec3
#define VELOCITY vec3
#define VECTOR vec3
#define SPHERE vecd

const VECTOR G
const float DT

VECTOR(0.,-9.8,0.);
0.1;

const SPHERE Sphere = vec4(-100., -800., 0., 600. ); 1%, y,zr

uint gid = gl_GloballnvocationID.x; /I the .y and .z are both 1 in this case

POIINT p = Positions[ gid ].xyz;
VELOCITY v = Velocities[ gid ].xyz;

| P
POINT  pp=p+Vv*DT + .5*DT*DT*G; p'=p+vi+=G-t
VELOCITY vp =v + G*DT; 2
' = .

Positions[ gid ].xyz = pp; v'=v+G-t
Velocities[ gid ].xyz = vp;
7 asiazoe
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The Particle System Compute Shader — 256

How About Introducing a Bounce?

VELOCITY
Bounce( VELOCITY vin, VECTOR n ) n

) in out
VELOCITY vout = reflect( vin, n ); \ /
return vout;
}

VELOCITY
BounceSphere( POINT p, VELOCITY v, SPHERE s )

VECTOR n = normalize( p - s.xyz );
return Bounce(v, n );

}

bool
IsInsideSphere( POINT p, SPHERE s )
{

floatr = length( p - s.xyz );
return ( r<s.w );

T+ Asiaza9
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The Particle System Compute Shader —
How About Introducing a Bounce?

257

uint gid = gl_GloballnvocationID.x; /I the .y and .z are both 1 in this case
POINT  p = Positions[ gid ].xyz; , 1 2
VELOCITY v = Velocities| gid ].xyz; p=ptv-it+ E G-t
POINT pp =p + VDT + .5*DT*DT*G; v=v+G-t

VELOCITY vp =v + G*DT;

; : Graphics Trick Alert: Making the bounce

I{f( IsinsideSphere( pp. Sphere ) ) happen from the surface of the sphere is time-
vp = BounceSphere(p, v, S ); consuming. Instead, bounce from the previous
pp = p + vp*DT + .5*DT*DT*G; position in space. If DT is small enough (and it

} ' is), nobody will ever know...

Positions[ gid 1.xyz = pp;
Velocities[ gid ].xyz = vp;

Sheh
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Dispatching the Compute Shader from the Command Buffer

constint NUM_PARTICLES = 1024*1024;
constint NUM_WORK_ITEMS = 64;
const int NUM_X_WORK_GROUPS = NUM_PARTICLES / NUM_WORK_ITEMS;

vkCmdBindPipeline( CommandBuffer, VK_PIPELINE_BIND_POINT_COMPUTE, ComputePipeline );

vkCmdDispatch( CommandB NUM_X_WORK_G)ROUP@

This is the number of work-groupg, set in the C/C++ program.

The number of work-items per work-group is set in a layout in the compute shader.

Or,

vkCmdBindPipeline( CommandBuffer, VK_PIPELINE_BIND_POINT_COMPUTE, ComputePipeline );

vkCmdDispatchIndirect( CommandBuffer, Buffer, 0 ); /I Buffer holds the 3 sizes, offset=0

PN N
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The Bouncing Particle System Compute Shader —
What Does It Look Like?
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Specialization Constants

Mike Bailey
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What Are Specialization Constants? 261

In Vulkan, all shaders get halfway-compiled by SPIR-V and

then the rest-of-the-way compiled by the Vulkan driver. Shader
Source
Normally, the half-way compile fixes all constant values and
compiles the code that uses them. l
. . SPIR-V
But, it would be nice every so often to have your Vulkan Compile

program sneak into the halfway-compiled binary and
manipulate some constants at runtime. This is what
Specialization Constants are for. A Specialization Constant is
a way of injecting an integer, Boolean, uint, float, or double

constant into an halfway-compiled version of a shader right . ™
- Specialization .| Pipeline
before th t-of-the- lation. >
efore the rest-of-the-way compilation Constants Shader
) - Stage
That final compilation happens when you call
vkCreateComputePipelines( ) ‘
Final
Without Specialization Constants, you would have to commit Compile

to a final value before the SPIR-V compile was done, which
could have been a long time ago

219
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Why Do We Need Specialization Constants? 262

Specialization Constants could be used for:

+ Setting the work-items per work-group in a compute shader

+ Setting a Boolean flag and then eliminating the if-test that used it

+ Setting an integer constant and then eliminating the switch-statement that looked for it

» Making a decision to unroll a for-loop because the number of passes through it are
small enough

+ Collapsing arithmetic expressions into a single value

» Collapsing trivial simplifications, such as adding by zero or multiplying by 1

PN N
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Specialization Constant Example -- Setting an Array Size 263
In the compute shader
layout( constant_id = 7 ) const int ASIZE = 32;
int array[ASIZE];
In the Vulkan C/C++ program:
int asize = 64;
MapEntry /I one array element for each
/I Specialization Constant
/I # bytes into the Specialization Constant
/I array this one item is
= sizeof(asize); // size of just this Specialization Constant
vsi.dataSize 1 sizeof(asize); /I size of all the Specialization Constants together
vsi.pData = &asize; /I array of all the Specialization Constants
& 2 T
BRISBANE mjb — September 11, 2019

Linking the Specialization Constants into the Compute Pipeline 264
int asize = 64,
VkSpeciali vsme[1];

VkSpecializationlgfo vsi;
vsi.mapEnthyCount = 1;
vsi.pMapEntkes = &vsme[0];
vsi.dataSize 3\sizeof(asize);
vsi.pData = &asize;

VkPipelineShaderStageCreatelnfo
vpssci.sType = VK_STRUCTU
vpssci.pNext = nullptr;
vpssci.flags = 0;
vpssci.stage = VK_SHADER_!
vpssci.module = computeShadgr;
vpssci.pName = "main";
vpssci.pSpecializationinfo = &vsi;

VpSSsCci;

VkComputePipelineCreatelnfo vepei[1];
vepci[0].sType = VK_STRUCTURE_TYRE_COMPU
vepci[0].pNext = nullptr;
vepci[0].flags = 0;
vepci[0].stage = vpssci;
vepcei[0].layout = ComputePipelineLayout;
vepci[0].basePipelineHandle = VK_NULL_HANDLE;
vepci[0].basePipelinelndex = 0;

_PIPELINE_CREATE_INFO;

result = vkCreateComputePipelines( LogicalDevice, VK_NULL_HANDLE, 1, &vcpci[0], PALLOCATOR, OUT &ComputePipeline );
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Specialization Constant Example — Setting Multiple Constants

In the compute shader

265

layout( constant_id= 9) constint a=1;
layout( constant_id =10 ) constint b =2;
layout( constant_id = 11) const float c = 3.14;

In the C/C++ program:

struct abc { int a, int b, float c; } abc;

VkSpecializationMapEntry  vsme[3];
vsme[0].constantlD = 9;
vsme[0].offset = offsetof( abc, a );
vsme[0].size = sizeof(abc.a);
vsme[1].constantlD = 10;
vsme[1].offset = offsetof( abc, b );
vsme[1].size = sizeof(abc.b);
vsme[2].constantID = 11;
vsme[2].offset = offsetof( abc, ¢ );
vsme[2].size = sizeof(abc.c);

VkSpecializationInfo vsi;
vsi.mapEntryCount = 3;
vsi.pMapEntries = &vsme[0];

7

vsi.dataSize = sizeof(a
vsi.pData = &abc;

/I array of all the Specialization Constants

/I size of all the Specialization Constants together

ASIA 2219
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Specialization Constants — Setting the Number of Work-items
Per Work-Group in the Compute Shader

In the compute shader

266

layout( local_size_x_id=12) in;

layout( local_size_x = 32, local_size_y =1, local_size_ z=1) in;

In the C/C++ program:

int numXworklt:

vsi.dataSize = sixeof(int);
vsi.pData = &nhumXworkltems;

* ASIA29
BRISBANE
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Semaphores 269

» Used to control readiness of resources within one queue or across different queues
belonging to the same logical device

*  You create them, and give them to a Vulkan function which sets them. Later on,
you tell a Vulkan function to wait on this particular semaphore

* You don’t end up setting, resetting, or checking the semaphore yourself

» Semaphores must be initialized (“created”) before they can be used

Ask for Something l Y i ‘ Try to Use the Something
Ll
~ 7’
\\ ~ /,,
Y .
Semaphore ”
" ASIAZZ9
BRISBANE mjb — September 11, 2019

Creating a Semaphore 270

VkSemaphoreCreatelnfo
vsci.sType = VK_STRUCTURE_
vsci.pNext = nullptr;
vsci.flags = 0;;

EMAPHORE_CREATE_INFO;

VkSemaphore semaphore;
result = vkCreateSemaphore( LogicalDevice, IN &vsci, PALLOCATOR, OUT &semaphore );

PN N
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Semaphores Example during the Render Loop 271

VkSemaphore imageReadySemaphore;

VkSemaphoreCreatelnfo
vsci.sType = VK_STRUCTUR
vsci.pNext = nullptr;
vsci.flags = 0;

YPE_SEMAPHORE_CREATE_INFO;

result = vkCreateSemaphore( LogicalDevice, IN &vsci, PALLOCATOR, OUT &imageReadySemaphore );

uint32_t nextimagelndex;
Devi hain, IN UINT64_MAX,

vkAcquireNextimageKHR( LogicalDeviee+HN-Swa a
IN imageReadySemaphore, )N VK_NULL_HANDLE, OUT &nextimagelndex );

vsi.sType = VK_S
vsi.pNext = nullptr; Could be an array
vsi.waitSemaphoreCount =X+ of semaphores

vsi.commandBufferCount = 1;
vsi.pCommandBuffers = &Com
vsi.signalSemaphoreCount = 0;
vsi.pSignalSemaphores = (VkSemaphore) nullptr;

result = vkQueueSubmit( presentQueue, 1, IN &vsi, IN renderFence );
'mjb — September 11, 2019

andBuffers[nextimagelndex];

Fences 272

* Used to synchronize the application with commands submitted to a queue
* Announces that queue-submitted work is finished
* Much finer control than semaphores

* You can un-signal, signal, test or block-while-waiting

PN N
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Fences 273

#define VK_FENCE_CREATE_UNSIGNALED_BIT 0

VkFenceCreatelnfo @

vfci.sType = VK_STRUCTUR PENFENCE_CREATE_INFO;

vfci.pNext = nullptr;

vfci.flags = VK_FENCE_CREATE_UNSIGNALED_BIT; I1=0
/I VK_FENCE_CREATE_SIGNALED_BIT is only other option

VkFence fence;

result = vkCreateFence( LogicalDevice, IN &vfci, PALLOCATOR, (1

/I returns right away:

result = vkGetFenceStatus( LogicalDevi
/I result = VK_SUCCESS means it has signaleg
Il result = VK_NOT_READY means it has ng¥signaled

Could be an
array of fences

/I blocks:
result = vkWaitForFences( LogicaIDevice, aitForAll, timeout );
// waitForAll = VK_TRUE: wait for allfences in the list
/I waitForAll = VK_FALSE: wait for any one fence in the list
/I timeout is a uint64_t timeout in nanoseconds (could be 0, which means to return immediately)
/l timeout can be up to UINT64_MAX = Oxffffffffffffffff (= 580+ years)
/ result = VK_SUCCESS means it returned because a fence (or all fences) signaled
/l result = VK_TIMEOUT means it returned because the timeout was exceeded

2 BRISBANE mjb - September 11, 2019

Fence Example 274

VkFence renderFence;
vkCreateFence( LogicalDevice, &vfci, PALLOCATOR, OU{

&renderFence );
VkPipelineStageFlags waitAtBottom = VK_PIPELINE_STAGE_BOJI'TOM_OF_PIPE_BIT;

VkQueue presentQueue;
vkGetDeviceQueue( LogicalDevice, FindQueueFamilyThatDoes@raphics( ), 0, OUT &presentQueue );

VkSubmitinfo @

vsi.sType = VK_STRUESFIRE_TYPE_SUBMIT_INFO
vsi.pNext = nullptr;
vsi.waitSemaphoreCount = \;
vsi.pWaitSemaphores = &mageReadySemaphore;
vsi.pWaitDstStageMask = &wgitAtBottom;
vsi.commandBufferCount = 1;
vsi.pCommandBuffers = &CommyandBuffers[nextimpagelndex];
vsi.signalSemaphoreCount = 0;
vsi.pSignalSemaphores = (VkSengphore) nullptr;

result = vkQueueSubmit( presentQueue, 1, IN &vsi

result = vkWaitForFences( LogicalDevice, 1, K_TRUE, UINT64_MAX );

(N &renderFence,

result = vkQueuePresentKHR( presentQueue, IN &vpi );

" ASIAZZ9
BRISBANE
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Events 275

« Events provide even finer-grained synchronization
« Events are a primitive that can be signaled by the host or the device
« Can even signal at one place in the pipeline and wait for it at another place in the pipeline

« Signaling in the pipeline means “signal me as the last piece of this draw command passes
that point in the pipeline”.

« You can signal, un-signal, or test from a vk function or from a vkCmd function

¢ Can wait from a vkCmd function

Sheh
/- ASIA2a9
BRISBANE
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Controlling Events from the Host 276

VkEventCreatelnfo
veci.sType = VK_STRUCTURE_
veci.pNext = nullptr;
veci.flags = 0;

VENT_CREATE_INFO;

VKEvent event;

result = vkCreateEvent( LogicalDevice, IN &veci, PALLOCATOR,
result = vkSetEvent( LogicaIDev
result = vkResetEvent( LogicaIDe
result = vkGetEventStatus( LogicaIDev
[l result = VK_EVENT_SET: signated

/I result = VK_EVENT_RESET: not signaled

Note: the host cannot block waiting for an event, but it can test for it

PN N
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Controlling Events from the Device

result = vkCmdSetEvent( CommandBuffer, IN event, pipelineStageBits );

result = vkCmdResetEvent( CommandBuffer, IN event, pipelineStageBits );

result = vkCmdWaitEvents( CommandBuffe

Could be an
array of events

@Stagemts, dstPipelineStageBits,

arrierCount, pMemoryBarriers,

Where signaled, where wait
for the signal

bufferMemoryBarrierCount, pBufferMemoryBarriers,
imageMemoryBarrierCount, plmageMemoryBarriers );

AN

277

Memory barriers get executed
after events have been signaled

Note: the device cannot fest for an event, but it can block |

Sheh
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(Vuri(ano

Pipeline Barriers

Mike Bailey

mjb@cs.oregonstate.edu
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From the Command Buffer Notes:
These are the Commands that can be entered into the Command Buffer, |

vkCmdBeginQuery( commandBuffer, flags );

vkCmdBeginRenderPass( commandBuffer, const contents );
vkCmdBindDescriptorSets( commandBuffer, pDynamicOffsets );
vkCmdBindIndexBuffer( commandBuffer, indexType );

vkCmdBindPipeline( commandBuffer, pipeline );

vkCmdBindVertexBuffers( commandBuffer, firstBinding, bindingCount, const pOffsets );
vkCmdBlitimage( commandBuffer, filter );

vkCmdClearAttachments( commandBuffer, attachmentCount, const pRects );
vkCmdClearColorlmage( commandBuffer, pRanges );

vkCmdClearDepthStencillmage( commandBuffer, pRanges );

vkCmdCopyBuffer( commandBuffer, pRegions );

vkCmdCopyBufferTolmage( commandBuffer, pRegions );

vkCmdCopylmage( commandBuffer, pRegions );

vkCmdCopylmageToBuffer( commandBuffer, pRegions );
vkCmdCopyQueryPoolResults( commandBuffer, flags );
vkCmdDebugMarkerBeginEXT( commandBuffer, pMarkerinfo );
vkCmdDebugMarkerEndEXT( commandBuffer );

vkCmdDebugMarkerIinsertEXT( commandBuffer, pMarkerinfo );

vvkCmadDispatch( commandBuffer, groupCountX, groupCountY, groupCountZ );
vkCmdDispatchindirect( commandBuffer, offset );

vkCmdDraw( commandBuffer, vertexCount, instanceCount, firstVertex, firstinstance );
vkCmdDrawlIndexed( commandBuffer, indexCount, instanceCount, firstindex, int32_t vertexOffset, firstinstance );
vkCmdDrawlIndexedIndirect( commandBuffer, stride );
vkCmdDrawIndexedIndirectCountAMD( commandBuffer, stride );

vkCmdDrawIndirect( commandBuffer, stride );

vkCmdDrawIndirectCountAMD( commandBuffer, stride );

vkCmdEndQuery( commandBuffer, query );

vkCmdEndRenderPass( commandBuffer );

vkCmdExecuteCommands( commandBuffer, commandBufferCount, const pCommandBuffers );

" Asiaza0
BRISBANE
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From the Command Buffer Notes:
These are the Commands that can be entered into the Command Buffer, Il

280

vkCmdFillBuffer( commandBuffer, dstBuffer, dstOffset, size, data );

vkCmdNextSubpass( commandBuffer, contents );

vkCmdPipelineBarrier( commandBuffer, srcStageMask, dstStageMask, dependencyFlags, memoryBarrierCount, VkMemoryBarrier* pMemoryBarriers,
bufferMemoryBarrierCount, pBufferMemoryBarriers, imageMemoryBarrierCount, plmageMemoryBarriers );

vkCmdProcessCommandsNVX( commandBuffer, pProcessCommandsinfo );

vkCmdPushConstants( commandBuffer, layout, stageFlags, offset, size, pValues );

vkCmdPushDescriptorSetKHR( commandBuffer, pipelineBindPoint, layout, set, descriptorWriteCount, pDescriptorWrites );

vkCmdPushDescriptorSetWithTemplateKHR( commandBuffer, descriptorUpdateTemplate, layout, set, pData );

vkCmdReserveSpaceForCommandsNVX( commandBuffer, pReserveSpacelnfo );

vkCmdResetEvent( commandBuffer, event, stageMask );

vkCmdResetQueryPool( commandBuffer, queryPool, firstQuery, queryCount );

vkCmdResolvelmage( commandBuffer, srcimage, srclmagelayout, dstimage, dstimageLayout, regionCount, pRegions );

vkCmdSetBlendConstants( commandBuffer, blendConstants[4] );

vkCmdSetDepthBias( commandBuffer, depthBiasConstantFactor, depthBiasClamp, depthBiasSlopeFactor );

vkCmdSetDepthBounds( commandBuffer, minDepthBounds, maxDepthBounds );

vkCmdSetDeviceMaskKHX( commandBuffer, deviceMask );

vkCmdSetDiscardRectangleEXT( commandBuffer, firstDiscardRectangle, discardRectangleCount, pDiscardRectangles );

vkCmdSetEvent( commandBuffer, event, stageMask );

vkCmdSetLineWidth( commandBuffer, lineWidth );

vkCmdSetScissor( commandBuffer, firstScissor, scissorCount, pScissors );

vkCmdSetStencilCompareMask( commandBuffer, faceMask, compareMask );

vkCmdSetStencilReference( commandBuffer, faceMask, reference );

vkCmdSetStencilWriteMask( commandBuffer, faceMask, writeMask );

vkCmdSetViewport( commandBuffer, firstViewport, viewportCount, pViewports );

vkCmdSetViewportWScalingNV( commandBuffer, firstViewport, viewportCount, pViewportWScalings );

vkCmdUpdateBuffer( commandBuffer, dstBuffer, dstOffset, dataSize, pData );

vkCmdWaitEvents( commandBuffer, eventCount, pEvents, srcStageMask, dstStageMask, memoryBarrierCount, pMemoryBarriers,

bufferMemoryBarrierCount, pBufferMemoryBarriers, imageMemoryBarrierCount, plmageMemoryBarriers );
vkCmdWriteTimestamp( commandBuffer, pipelineStage, queryPool, query );

PN N
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Potential Memory Race Conditions that Pipeline Barriers can Prevent 281

1. Write-then-Read (WtR) — the memory write in one operation starts
overwriting the memory that another operation’s read needs to use

2. Read-then-Write (RtW) — the memory read in one operation hasn’t yet
finished before another operation starts overwriting that memory

3. Write-then-Write (WtW) — two operations start overwriting the same
memory and the end result is non-deterministic

Note: there is no problem with Read-then-Read (RtR) as no data
has been changed

219
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vkCmdPipelineBarrier( ) Function Call 282

A Pipeline Barrier is a way to establish a memory dependency between commands that
were submitted before the barrier and commands that are submitted after the barrier

vkCmdPipelineBarrier( commandBuffer,

srcStageMask,«—— | Guarantee that this pipeline stage has completely generated one set
of data before ...

dstStageMaskﬁ\| ]

.. allowing this pipeline stage to consume it

VK_DEPENDENCY_BY_REGION_BIT,
memoryBarrierCount, pMemoryBarriers,
bufferMemoryBarrierCount,  pBufferMemoryBarriers,

imageMemoryBarrierCount, plmageMemoryBarriers

) Defines what data we will be
blocking/un-blocking on

PN N
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The Scenario 283
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The Scenario 284

1. The cross-streets are named after pipeline stages
2. All traffic lights start out green

3. There are special sensors at all intersections that will know when the first car in the src
group enters that intersection

4. There are connections from those sensors to the traffic lights so that when the first car in
the src group enters its intersection, the proper dst traffic light will be turned red

5. When the last car in the src group completely makes it through its intersection, the
proper dst traffic light can be turned back to green

6. The Vulkan command pipeline ordering is this: (1) the src cars get released, (2) the
pipeline barrier is invoked (which turns some lights red), (3) the dst cars get released
(which end up being stopped by a red light somewhere)
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Pipeline Stage Masks — 285
Where in the Pipeline is this Memory Data being Generated or Consumed?

VK_PIPELINE_STAGE_TOP_OF PIPE_BIT
VK_PIPELINE_STAGE_DRAW_INDIRECT_BIT
VK_PIPELINE_STAGE_VERTEX_INPUT_BIT
VK_PIPELINE_STAGE_VERTEX_SHADER_BIT
VK_PIPELINE_STAGE_TESSELLATION_CONTROL_SHADER_BIT
VK_PIPELINE_STAGE_TESSELLATION_EVALUATION_SHADER_BIT
VK_PIPELINE_STAGE_GEOMETRY_SHADER_BIT
VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT
VK_PIPELINE_STAGE_EARLY_FRAGMENT_TESTS_BIT
VK_PIPELINE_STAGE_LATE_FRAGMENT_TESTS_BIT
VK_PIPELINE_STAGE_COLOR_ATTACHMENT_OUTPUT_BIT
VK_PIPELINE_STAGE_COMPUTE_SHADER_BIT
VK_PIPELINE_STAGE_TRANSFER_BIT
VK_PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT
VK_PIPELINE_STAGE_HOST_BIT
VK_PIPELINE_STAGE_ALL_GRAPHICS_BIT

S VK_PIPELINE_STAGE_ALL_COMMANDS_BIT

mjb - September 11, 2019

Pipeline Stages _—~| 286
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Access Masks — 287
What are you Interested in Generating or Consuming this Memory for?

VK_ACCESS_INDIRECT_COMMAND_READ_BIT
VK_ACCESS_INDEX_READ_BIT
VK_ACCESS_VERTEX_ATTRIBUTE_READ_BIT
VK_ACCESS_UNIFORM_READ_BIT
VK_ACCESS_INPUT_ATTACHMENT_READ_BIT
VK_ACCESS_SHADER_READ_BIT
VK_ACCESS_SHADER_WRITE_BIT
VK_ACCESS_COLOR_ATTACHMENT_READ_BIT
VK_ACCESS_COLOR_ATTACHMENT_WRITE_BIT
VK_ACCESS_DEPTH_STENCIL_ATTACHMENT_READ_BIT
VK_ACCESS_DEPTH_STENCIL_ATTACHMENT_WRITE_BIT
VK_ACCESS_TRANSFER_READ_BIT
VK_ACCESS_TRANSFER_WRITE_BIT
VK_ACCESS_HOST_READ_BIT
VK_ACCESS_HOST_WRITE_BIT
VK_ACCESS_MEMORY_READ_BIT
VK_ACCESS_MEMORY_WRITE_BIT

mjb - September 11, 2019

Pipeline Stages and what Access Operations can Happen There 288
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Access Operations and what Pipeline Stages they can be used In 289

1.2 3 4

«
~

8 9 10 11 12

VK_PIPELINE_STAGE_COLOR_ATTACHMENT_OUTPUT_BIT

VK_PIPELINE_STAGE_VERTEX_INPUT_BIT

VK_PIPELINE_STAGE_GEOMETRY_SHADER_BIT

VK_PIPELINE_STAGE_HOST_BIT

VK_PIPELINE_STAGE_TESSELLATION_EVALUATION_SHADER_BIT o

VK_PIPELINE_STAGE_TOP_OF_PIPE_BIT
VK_PIPELINE_STAGE_VERTEX_SHADER_BIT
VK_PIPELINE_STAGE_TESSELLATION_CONTROL_SHADER_BIT
VK_PIPELINE_STAGE_EARLY_FRAGMENT_TESTS_BIT
VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT
VK_PIPELINE_STAGE_LATE_FRAGMENT_TESTS_BIT
VK_PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT
VK_PIPELINE_STAGE_COMPUTE_SHADER

® VK_PIPELINE_STAGE_DRAW_INDIRECT_BIT
VK_PIPELINE_STAGE_TRANSFER_BIT

VK_ACCESS_INDIRECT_COMMAND_READ_BIT
VK_ACCESS_INDEX_READ_BIT
VK_ACCESS_VERTEX_ATTRIBUTE_READ_BIT
VK_ACCESS_UNIFORM_READ_BIT e o o o
VK_ACCESS_INPUT_ATTACHMENT_READ_BIT

VK_ACCESS_SHADER_READ_BIT o o o o
VK_ACCESS_SHADER_WRITE_BIT o o o o
VK_ACCESS_COLOR_ATTACHMENT_READ_BIT .
VK_ACCESS_COLOR_ATTACHMENT_WRITE_BIT .
VK_ACCESS_DEPTH_STENCIL_ATTACHMENT_READ_BIT . .
VK_ACCESS_DEPTH_STENCIL_ATTACHMENT_WRITE_BIT . .
VK_ACCESS_TRANSFER_READ_BIT .
VK_ACCESS_TRANSFER_WRITE_BIT .
VK_ACCESS_HOST_READ_BIT .
VK_ACCESS_HOST_WRITE_BIT .
VK_ACCESS_MEMORY_READ_BIT

VK_ACCESS_MEMORY_WRITE_BIT

b — September 11, 2019

Example: Be sure we are done writing an output image before using it 290
for something else

VK_PIPELINE_STAGE_TOP_OF_PIPE_BIT Stages
VK_PIPELINE_STAGE_DRAW_INDIRECT_BIT
VK_PIPELINE_STAGE_VERTEX_INPUT_BIT
VK_PIPELINE_STAGE_VERTEX_SHADER_BIT
VK_PIPELINE_STAGE_TESSELLATION_CONTROL_SHADER_BIT
VK_PIPELINE_STAGE_TESSELLATION_EVALUATION_SHADER_BIT
VK_PIPELINE_STAGE_GEOMETRY_SHADER_BIT
VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT <+————————| Src
VK_PIPELINE_STAGE_EARLY_FRAGMENT_TESTS_BIT
VK_PIPELINE_STAGE_LATE_FRAGMENT_TESTS_BIT
VK_PIPELINE_STAGE_COLOR_ATTACHMENT_OUTPUT_BIT
VK_PIPELINE_STAGE_COMPUTE_SHADER_BIT
VK_PIPELINE_STAGE_TRANSFER_BIT
VK_PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT <————— | dst
VK_PIPELINE_STAGE_HOST_BIT
VK_PIPELINE_STAGE_ALL_GRAPHICS_BIT
VK_PIPELINE_STAGE_ALL_COMMANDS_BIT

VK_ACCESS_INDIRECT_COMMAND_READ_BIT Access types
VK_ACCESS_INDEX_READ_BIT

VK_ACCESS_VERTEX_ATTRIBUTE_READ_BIT
VK_ACCESS_UNIFORM_READ_BIT
VK_ACCESS_INPUT_ATTACHMENT_READ_BIT IE'

VK_ACCESS_SHADER_READ_BIT
VK_ACCESS_SHADER_WRITE_BIT
VK_ACCESS_COLOR_ATTACHMENT_READ_BIT
VK_ACCESS_COLOR_ATTACHMENT_WRITE_BIT
VK_ACCESS_DEPTH_STENCIL_ATTACHMENT_READ_BIT
VK_ACCESS_DEPTH_STENCIL_ATTACHMENT _WRITE_BIT
VK_ACCESS_TRANSFER_READ_BIT -
VK_ACCESS_TRANSFER_WRITE_BIT dst (no access setting needed)
VK_ACCESS_HOST_READ_BIT
: VK_ACCESS_HOST_WRITE_BIT

S VK_ACCESS_MEMORY_READ_BIT
VK_ACCESS_MEMORY_WRITE_BIT
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Example: Don’t read a buffer back to the host until a shader is done writing it

VK_PIPELINE_STAGE_TOP_OF_PIPE_BIT Stages
VK_PIPELINE_STAGE_DRAW_INDIRECT_BIT
VK_PIPELINE_STAGE_VERTEX_INPUT_BIT
VK_PIPELINE_STAGE_VERTEX_SHADER_BIT I:src

VK_PIPELINE_STAGE_TESSELLATION_CONTROL_SHADER_BIT
VK_PIPELINE_STAGE_TESSELLATION_EVALUATION_SHADER_BIT
VK_PIPELINE_STAGE_GEOMETRY_SHADER_BIT
VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT
VK_PIPELINE_STAGE_EARLY_FRAGMENT_TESTS_BIT
VK_PIPELINE_STAGE_LATE_FRAGMENT_TESTS_BIT
VK_PIPELINE_STAGE_COLOR_ATTACHMENT_OUTPUT_BIT
VK_PIPELINE_STAGE_COMPUTE_SHADER_BIT
VK_PIPELINE_STAGE_TRANSFER_BIT
VK_PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT I:dst
VK_PIPELINE_STAGE_HOST_BIT
VK_PIPELINE_STAGE_ALL_GRAPHICS_BIT
VK_PIPELINE_STAGE_ALL_COMMANDS_BIT

VK_ACCESS_INDIRECT_COMMAND_READ_BIT
VK_ACCESS_INDEX_READ_BIT Access types
VK_ACCESS_VERTEX_ATTRIBUTE_READ_BIT
VK_ACCESS_UNIFORM_READ_BIT
VK_ACCESS_INPUT_ATTACHMENT_READ_BIT
VK_ACCESS_SHADER_READ_BIT
VK_ACCESS_SHADER_WRITE_BIT \E’
VK_ACCESS_COLOR_ATTACHMENT_READ_BIT
VK_ACCESS_COLOR_ATTACHMENT_WRITE_BIT
VK_ACCESS_DEPTH_STENCIL_ATTACHMENT_READ_BIT
VK_ACCESS_DEPTH_STENCIL_ATTACHMENT_WRITE_BIT
VK_ACCESS_TRANSFER_READ_BIT
VK_ACCESS_TRANSFER_WRITE_BIT | dst (no access setting needed)
VK_ACCESS_HOST_READ_BIT

VK_ACCESS_HOST_WRITE_BIT
VK_ACCESS_MEMORY_READ_BIT
| VK_ACCESS_MEMORY_WRITE_BIT
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depends on how it will be Used

VklmageMemoryBarrier vimb’

vimb.pNext = nullptr;
vimb.srcAccessMask = ?7?;
vimb.dstAccessMask = ?7?;
vimb.oldLayout =?7;
vimb.newLayout = ??;
vimb.srcQueueFamilylndex = VK_QUEUE_FAMILY_IGNORED;
vimb.dstQueueFamilylndex = VK_QUEUE_FAMILY_IGNORED;
vimb.image = ??;

vimb.subresourceRange = visr;

vimb.sType = VK_STRUCTURE_TYPE_IMAGE_MEMORY_BARRIER;

The Scenario 293
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VkimageLayout — How an Image gets Laid Out in Memory 294

VK_IMAGE_LAYOUT_UNDEFINED
VK_IMAGE_LAYOUT_GENERAL

VK_IMAGE_LAYOUT_TRANSFER_DST_OPTIMAL
VK_IMAGE_LAYOUT_PREINITIALIZED

VK_IMAGE_LAYOUT_SHARED_PRESENT_KHR

VK_IMAGE_LAYOUT_TRANSFER_SRC_OPTIMAL+~—___

VK_IMAGE_LAYOUT_PRESENT_SRC_KHR +————

VK_IMAGE_LAYOUT_COLOR_ATTACHMENT OPTIMAL “— | Used as a color attachment |

VK_IMAGE_LAYOUT_DEPTH_STENCIL_ATTACHMENT_OPTIMAL
VK_IMAGE_LAYOUT_DEPTH_STENCIL_READ_ONLY_OPTIMAL

VK_IMAGE_LAYOUT_SHADER_READ_ONLY_OPTIMAL «— | Read into a shader as a texture |

Show image to viewer

Here, the use of vkCmdPipelineBarrier( ) is to simply change the layout of an image |

/- Asiazae
BRISBANE
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Antialiasing and Multisampling

Mike Bailey

mjb@cs.oregonstate.edu

http://cs.oregonstate.edu/~mjb/vulkan

MultiSampling.pptx mjb — September 11, 2019
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Aliasing

Too often,
the Display We Get

The Display We Want
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Aliasing

“Aliasing” is a signal-processing term for “under-sampled
compared with the frequencies in the signal”.

What the signal really is:
what we want too often, what we get

\ Sarl'npling Interval . \

\l :

Sampled Points

" ASIAZZ9
BRISBANE
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What we think the signal is:
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Aliasing

" ASIAZZ9
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MultiSampling 299

Multisampling is a computer graphics technique to improve the quality of your output image by
looking inside every pixel to see what the rendering is doing there.

There are two approaches to this:

1. Supersampling: Pick some number of unique sub-pixels within a pixel, render the image at
each of these sub-pixels (including depth and stencil tests), then average them together.

VK_SAMPLE_COUNT_8_BIT VK_SAMPLE_COUNT_8_BIT
One pixel | | One pixel

2. Multisampling: Perform a single color render for the one pixel. Then, pick some number of
unique sub-pixels within that pixel and perform depth and stencil tests there. Assign the
single color to all the sub-pixels that made it through the depth and stencil tests

PR
/- ASIA2a9
A BRISBANE
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Vulkan Distribution of Sampling Points within a Pixel 300

VK_SAMPLE_COUNT_1_BIT VK_SAMPLE_COUNT_2_BIT VK_SAMPLE_COUNT_4_BIT

PN N

/- Asiazae
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Vulkan Distribution of Sampling Points within a Pixel 301

VK_SAMPLE_COUNT 2 BIT  VK_SAMPLE_COUNT 4_BIT  VK_SAMPLE_COUNT 8 BIT = VK_SAMPLE_COUNT_16_BIT
(0.5625, 0.3125) (0.5625, 0.5625)
(0.375, 0.125) (0.4375, 0.3125)
(0.4375, 0.6875) (0.3125, 0.625)
(0.75, 0.4375)
(0.25,0.25) (0.8125, 0.5625) (0.1875, 0.375)
(0.875, 0.375) (0.625, 0.8125)
(0.3125, 0.1875) (0.8125, 0.6875)
(0.6875, 0.1875)
(0.1875, 0.8125) (0.375, 0.875)
(0.125, 0.625) (0.5, 0.0625)
(0.0625, 0.4375) (0.25, 0.125)
(0.75,0.75) (0.125,0.75)
(0.6875, 0.9375) (0.0,0.5)
(0.625, 0.875) (09375, 0.25)
(0.9375, 0.0625) (0.875, 0.9375)
(0.0625, 0.0)

-
. IS mijb — September 11, 2019

Consider Two Triangles Whose Edges Pass Through the Same Pixel %02

SAMPLE_COUNT_8_BIT

]
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Supersampling

Z?=1 Color sample from subpixel;

Final Pixel Color = 3

303

# Fragment Shader calls = 8
mjb — September 11, 2019

Multisampling

3 x One color sample from A + 5 * One color sample from B

Final Pixel Color = 3

304

# Fragment Shader calls = 2
mjb — September 11, 2019
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Setting up the Image

305

VkPipelineMultisampleStateCreatelnfo
vpmsci.sType = VK_STRUCTURE_TYPE
vpmsci.pNext = nullptr;
vpmsci.flags = 0;
vpmsci.rasterizationSamples = VK_SAMPLE_COUNT_8_BIT;

INE_MULTISAMPLE_STATE_CREATE_INFO;

—

How dense is
the sampling

[

vpmsci.sampleShadingEnable = VK /TRUE;
vpmsci.minSampleShading = 0.5f; \
vpmsci.pSampleMask = (VkSampleMask *)nullptr;
vpmsci.alphaToCoverageEnable = VK_FALSE;

VK_TRUE means to allow some
sort of multisampling to take place

vpmsci.alphaToOneEnable = VK_FALSE;

VkGraphicsPipelineCreatelnfo
vgpci.pNext = nullptr;

vgpci.pMultisampleState = &vpmsci;

PALLOCATOR, OUT pGraphicsPipeline );

S_PIPELINE_CREATE_INFO;

result = vkCreateGraphicsPipelines( LogicalDevice, VK_NULL_HANDLE, 1, IN &vgpci,\

" AsiA2o19
BRISBANE

mjb - September 11, 2019

Setting up the Image

306

VkPipelineMultisampleStateCreatelnfo vpmsci;

vpmsci.minSampleShading

06

04

VK_SAMPLE_COUNT_8_BIT

/

long as they pass the depth and stencil tests).
0. produces simple multisampling
(0.,1.) produces partial supersampling

1. Produces complete supersampling

At least this fraction of sa'mples will get their own fragment shader calls (as

7 Asiazae
BRISBANE
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Setting up the Image

307

VkAttachmentDescription

vad[0].format = VK_EOQRMAT B8G8R8AR GB;
vad[0]. sample
vad[0].loadOp = VK_ATTACH VIE O D OP_CLEAR;
vad|[0].storeOp = VK_. ATTACHMENT STORE_OP_STORE;
vad|[0].stencilLoadOp = VK_ATTACHMENT_LOAD_OP_DONT_CARE;
vad|[0].stencilStoreOp = VK_ATTACHMENT_STORE_OP_DONT_CARE;
vad|[0].initialLayout = VK_IMAGE_LAYOUT_UNDEFINED;
vad|[0].finalLayout = VK_IMAGE_LAYOUT_PRESENT_SRC_KHR;
vad|[0].flags = 0;

vad[1].format = VK_FOR QAT 38 UINT;
vad[1].sample€=
vad[1].loadOp = VK A& ORD-OP_ CLEAR:
vad[1].storeOp = VK_, ATTACHMENT STORE OP_DONT_CARE;
vad[1].stencilLoadOp = VK_ATTACHMENT LOAD_OP_DONT_CARE;
vad[1].stencilStoreOp = VK_ATTACHMENT_STORE_OP_DONT_CARE;

vad[1].flags = 0;

VkAttachmentReference

VkAttachmentReference

vad[1].initialLayout = VK_IMAGE_LAYOUT UNDEFINED;
vad[1].finalLayout = VK_IMAGE_LAYOUT DEPTH_STENCIL_ATTACHMENT OPTIMAL;

colorReference.attachment = 0;
colorReference.layout = VK_IMAGE_LAYOUT_COLOR_ATTACHMENT_OPTIMAL;

colorReference;

depthReference;

depthReference.attachment = 1;
l depthReference.layout = VK_IMAGE_LAYOUT_DEPTH_STENCIL_ATTACHMENT_OPTIMAL;

mjb — September 11, 2019

Setting up the Image 308

VkSubpassDescription
vsd.flags = 0;

vsd.pResolveAttachments = (
vsd.pDepthStencilAttachment
vsd.preserveAttachmentCou
vsd.pPreserveAttachments =

VkRenderPassCreatelnfo

vrpci.pNext = nullptr;
vrpci.flags = 0;
vrpci.attachmentCount = 2;
vrpci.pAttachments = vad;
vrpci.subpassCount = 1;
vrpci.pSubpasses = IN &vsd;
vrpci.dependencyCount = 0;
vrpci.pDependencies = (VkSu

result = vkCreateRenderPass( LogicalD

vsd.pipelineBindPoint = VK_PI
vsd.inputAttachmentCount = 0;
vsd.plnputAttachments = (VkAtfachmentReference *)nullptr;
vsd.colorAttachmentCount = 1;
vsd.pColorAttachments = &colprReference;

vrpci.sType = VK_STRUCTYRETYPE_RENDER_PASS_CREATE_INFO;

LINE_BIND_POINT_GRAPHICS;

kAttachmentReference *)nullptr;
= &depth Reference;

uint32_t *)nullptr;

Cvrpel)

/I dolor and depth/stencil

bpassDependency *)nullptr;

evice, IN &vrpci, PALLOCATOR, OUT &RenderPass );

/- Asiazae
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Resolving the Image: 309
Converting the Multisampled Image to a VK_SAMPLE_COUNT_1_BIT image

VIOffset3D

vo3.x = 0;
vo3.y = 0;
v03.z = 0;

VKExtent3D

ve3.width = Width;
ve3.height = Height;
ve3.depth = 1;

VklmageSubresourcelLayers
visl.aspectMask = VK_IMAGH
visl.mipLevel = 0;
visl.baseArrayLayer = 0;
visl.layerCount = 1;

ASPECT_COLOR_BIT;

VklmageResolve
vir.srcSubresource = visf;
vir.srcOffset = vo3;
vir.dstSubresource = visl;
vir.dstOffset = vo3;
vir.extent = ve3;

vkCmdResolvelmage( cmdBuffer, srcimage, srcimagelLayout, dstimage, dstimageLayout, 1, &vir );

* ASIA29
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Thanks for
coming today!
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