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Course Goals

+ Give a sense of how Vulkan is different from OpenGL
+ Show how to do basic drawing in Vulkan

* Leave you with working, documented, understandable sample code

| http://cs.oregonstate.edu/~mjb/vulkan
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My Favorite Vulkan Reference

Graham Sellers, Vulkan Programming Guide,
Addison-Wesley, 2017.
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Top Three the D

that p! of Vulkan
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 ion that this was a for OpenGL. It's not.

OpenGL 4.2 Pipeline Flowchart

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.
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Who’s Been Specifically Working on Vulkan? 13 Vulkan Differences from OpenGL 14
+ More low-level information must be provided (by you!) in the application, rather than the driver
AMDO QN smscascom « Screen coordinate system is Y-down
« No “current state”, at least not one maintained by the driver
« Al of the things that we have talked about being d@pmated in OpenGL are really
in Vulkan: built-in pipeline transformations, begin-vertex*-end, fixed-
deprecated in vuikan: buit-in pipeli formations, begi *-end, fixed
function, etc.
+ You must manage your own transformations.
« All transformation, color and texture functionality must be done in shaders.
« Shaders are pre-"half-compiled” outside of your application. The compilation process is then
finished during the runtime pipeline-building process.
SIGGRAPH * SIGGRAPH
o2t 0] e |
Vulkan Highlights: Pipeline State Data Structure 15 Vulkan: Creating a Pipeline 7]
e
L
+ In OpenGL, your “pipeline state” is the combination of whatever your current graphics attributes
are: color, transformations, textures, shaders, etc.
+ Changing the state on-the-fly one item at-a-time is very expensive
Shacer stages
+ Vulkan forces you to set all your state variables at once into a “pipeline state object” (PSO) data Ymml\:n y o e S
structure and then invoke the entire PSO at once whenever you want to use that state ewpor Sto ]
combination
« Think of the pipeline state as being immutable. 'S:‘:.CLEE\\ foniFace
basePpaineriand
« Potentially, you could have thousands of these pre-prepared pipeline state objects mew"im‘"w deplhTestEnable
o] —ﬁ Sy
sanciOpSiatorront
[nersinecaomensatactmansios |
Slendnabio
scColarlendFacor
[crostetraphicaripeiinet | \  amndon
scAphaendeacor
ViPpeineDymamicStaaGraatania Slhaiandon
ColrriaMask
2 SIGGRAPH =% R SIGGRAFH 75 [Teray mamin e iatos it ca b ot ayramicaty | .
Querying the Number of Something 17 Vulkan Code has a Distinct “Style” of Setting Information in structs |

uint32_t count;
resulf

VkPhysicalDevice * physicalDevices = new VkPhysicalDevice[ count ;

= VkEnumeratePhysicalDevices( Instance, OUT &count, OUT (VkPhysicalDevice *)nullptr );

result = vkEnumeratePhysicalDevices( Instance, OUT &count, OUT physicalDevices );

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

result = vkEnumeratePhysicalDevices( Instance, &count,

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

physicalDevices );

SIGGRAPH =%

b oy 24,2020
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and then Passing that

as a pointer-to-the-struct

TYPE_BUFFER_CREATE_INFO;

< buffer size in bytes >>
VK_USAGE_UNIFORM_B
vbisharingMode = VK_SHARING_MODE JSXCLUSIVE;
vboi.queueFamilyindexCount = 0;

vbei.pQueueFamilyindices = nullptr;

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

result =

LogicalDe Buffer, OUT &mr ), // fills vmr

YPE_MEMORY_ALLOCATE_INFO;

result = vkAllocateMemory( LogicalDevice, IN &vmai, PALLOCATOR

T &MatrixBufferMemoryHand

result = vkBindBufferMemory( LogicalDevice, Buffer, MatrixBufferMemoryHandle, 0 );
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Vulkan Quick Reference Card — | Recommend you Print This! 19

Cian MHRCINOS

Vulkan Quick Reference Card

Vulkan 1.1 Reference Guide

uulkan Pigefine Diagras v

b

P | e |
Vulkan Highlights: Overall Block Diagram 21 Vulkan Highlights: a More Typical Block Diagram z|
Application Application
al ysical ysical
Device Device Device
Logical Logical Logical Logical
Device Device Device Device
Command Buffer
Command Buffer
SIGGRAFH 75, . SIGGRAPH %% o
Steps in Creating Graphics using Vulkan 24

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- ...

CoNoareNS

NValkan.

The Vulkan Sample Code Included with These Notes

Mike Bailey

mjb@cs.oregonstate.edu

| http://cs.oregonstate.edu/~mjb/vulkan
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Sample Program Output 25)
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Sample Program Keyboard Inputs 26]

Toggle lighting off and on

Toggle display mode (textures vs. colors, for now)

Pause the animation

'q,'Q" quit the program

Esc: quit the program

Toggle rotation-animation and using the mouse

Toggle using a vertex buffer only vs. an index buffer
(in the index buffer version)

‘','4','9'  Set the number of instances
(in the instancing version)

ooy 24 200]
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. I've written everything out in appalling longhand.

. Everything is in one .cpp file (except the geometry data). It really should be

. At times, | could have hidden complexity, but | didn’t. At all stages, | have tried

. I've setup Vulkan structs every time they are used, even though, in many cases

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

Caveats on the Sample Code, | 27

broken up, but this way you can find everything easily.

to err on the side of showing you everything, so that nothing happens in a way
that's kept a secret from you.

(most?), they could have been setup once and then re-used each time.

could go there.

Main Program |

int
main( int arge, char * argv[] )
{

Width =800;

Height = 600;

ermo_ter =fopen_s(&FpDebug, DEBUGFILE, "W );
ifteri=0)

fprintf( stderr, "Cannot open debug print ile %sn", DEBUGFILE );
FpDebug = stderr;

}
Tprintf(FpDebug, "FpDebug: Width = %d ; Height = %din", Width, Height);

Rose();
InitGraphics( );

Iloop until the user closes the window:
while( glfwWindowShouldClose( MainWindow ) == 0)
{

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

}
fprintf(FpDebug, "Closing the GLFW windowin");

VkQueueWaiide( Queve );
vKDeviceWaitdle( LogicalDevice )
DestroyAllulkan( )
affwDestroyWindow( MainWindow )
gitwTerminate( )

retum 0;

Caveats on the Sample Code, I 28]

4

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

~

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

®

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

©

At times, | 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.

Vulkan Conventions 30]
VkXxx is a typedef, probably a struct

vkYyy( ) is a function call
VK_ZZZ is 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 significance.

me actually #define'd to nothing. b sy 220
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Double-click here to

with this solution

Linux shader compiler~_|

Windows shader compiler

launch Visual Studio 2019

Your Sample2019.zip File Contains This

‘ The “19” refers to the version of Visual Studio, not the year of development.

ooy 20 200

Reporting Error Results, Il

void
PrintVkError( VkResult result, std:string prefix )
{
if (Verbose && result == VK_SUCCESS)
{

fprintf(FpDebug, "%s: %s\n", prefix.c_str(), “Successful’);
fflush(FpDebug);
return;

constint numErrorCode:
std::string meaning = "";
for(inti = 0; i < numErrorCodes; i++)

if( result == ErrorCodesfi].resultCode )
{

meaning = ErrorCodesfil.meaning;
break;

}

fprintf{ FpDebug, "n%s: %s\n", prefix.c_str(), meaning.c_str() );
filush(FpDebug);

sizeof( ErrorCodes ) / sizeof( struct errorcode );

Reporting Error Results, |

struct errorcode

VkResult  resultCode;
std:stringmeaning;

3
ErmorCodes[ ] =
{

VK_NOT_READY,
VK_TIMEOUT,

VK_EVENT_SET,

VK_EVENT RESET,

VK INCOMPLETE,
VK_ERROR_OUT_OF_HOST_MEMORY,
VK_ERROR_OUT_OF_DEVICE_MEMORY,
VK_ERROR INITIALIZATION_FAILED,
VK_ERROR_DEVICE_LOST,
VK_ERROR_MEMORY_MAP_FAILED,
VK_ERROR_LAYER_NOT_PRESENT,
VK_ERROR_EXTENSION_NOT_PRESENT,
VK_ERROR_FEATURE_NOT_PRESENT,
VK_ERROR_INCOMPATIBLE_DRIVER,
VK_ERROR_TOO_MANY_OBJECTS,
VK_ERROR_FORMAT_NOT_SUPPORTED,
VK_ERROR_FRAGMENTED_POOL,
VK_ERROR_SURFACE_LOST_KHR,
VK_ERROR_NATIVE_WINDOW_IN_USE_KHR,

VK_ERROR_VALIDATION_FAILED_EXT,
VK_ERROR INVALID_SHADER N
VK_ERROR_OUT_OF_POOL_MEMORY _KHR,
VK_ERROR_INVALID_EXTERNAL_HANDLE,

“Not Ready"

*Out of Host Memory*
“Out of Device Memory"
“Intialization Failed"
"Device Lost"

“Memory Map Failed"

“Incompatible Driver
“Too Many Objects’
“Format Not Supported”

*Incompatible Display"
“Valuidation Failed"
“Invalid Shader”

“Out of Pool Memory’

“Invalid External Handle"

SIGGRAPH 75, ¥

ooy 24 200]

Vilkan.

Drawing

Mike Bailey

mjb@cs.oregonstate.edu

| http://cs.oregonstate.edu/~mijb/vulkan

Extras in the Code

#define REPORT(s) {PrintVkError( result, s ); filush(FpDebug); }

#define HERE_|_AM(s)

bool Paused;

bool Verbose;

#define DEBUGFILE "VulkanDebug. txt"

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

constint32_t OFFSET_ZERO= 0;

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

Vulkan Topologies

VK_PRIMITIVE_TOPOLOGY_POINT_LIST

VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST

VS
o Vv,
oV v,
[ J v Vs
A 1

v, oV

VK_PRIMITIVE_TOPOLOGY_TRIANGLE_STRIP

VK_PRIMITIVE_TOPOLOGY_LINE_LIST

VE

V7

.\/3\. v v =
VZ
V.
S o C
o Vo v, A
VK_PRIMITIVE_TOPOLOGY_LINE_STRIP VK_PRIMITIVE_TOPOLOGY_TRIANGLE_FAN
A &
Vs
A Vi
A Vo

VQ

SIGERAPH %, v,
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Vulkan Topologies A Colored Cube Example

typedef enum VkPrimitiveTopology static GLuint CubeTrianglelndices( J[3] =

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:

oy 21 0] v sy 2t o]

Triangles Represented as an Array of Structures

From the file SampleVertexData.cpp: 3

indexed Buffer Drawing |

Stream of Vertices

struct vertex

position;
normal;
color;
texCoord;

gimiivec2

struct vertex VertexDatal ] =

i triangle 0-
Il vertex #0:

f Modeled in

{0,0,1), right-handed

{0, 1, 0.}, coordinates

(1)
%
I vertex#3:

(1 {111,

(1. (1,0

{0, {0.1.}
, ,

e SIEEII.IJ'H T e
Filling the Vertex Buffer 41 A Preview of What Init0O5DataBuffer Does
VkResult
it size, gs usage, OUT MyBuffer * pMyBuffer )
struct vertex VertexDatal ] = (
{ VkResult result =
VkBufferCreateln
) UCTURE _TYPE_BUFFER_CREATE_INFO;
MyBuffer MyVertexDataBuffer; y = size;
vbei usage = usage:
Vbci sharingMode = VK_SHARING_MODE_EXCLUSIVE;
it05My) DataBuffer( Data), OUT &My DataBuffer ); voci nxueFaFrmlyl‘m‘iedchw
" . " bci pQueueFamilyindices = (cor “nulptr;

Fillo5DataBuffer( MyVertexDataBt e, (void *) ) resu\l—kaveateBLmer(Luglca\Dewce \N &vhc\ PALLOCATOR, OUT &pMyBuffer->buffer );

VkMemoryRequirements @
VkResult ovice, N pMyBuerSbafier OUTE M ) fils vane

Init05MyVertexDataBuffer( IN VkDeviceSize size, OUT MyBuffer * pMyBuffer )

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

VkDeviceMemory
result = vkAllocaleMemoy
pMyBuffer->vdm = vai;

ul pMy  INYdm, 0 ); 10 the offset
return resul;
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Telling the Pipeline about its Input

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.

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;

VkVertexInputBindingDescription
‘wibd[0].binding
wibd[0] stride = sizeof( struct vertex );

wibd[1];

1 one of these per buffer data buffer
0; I/ which binding # this is

/I bytes between successive structs
wibd[0].inputRate = VK_VERTEX_INPUT_RATE_VERTEX;

ooy 20 200

Telling the Pipeline about its Input

struct vertex

layout( location = 0 ) in vec3 aVertex;

positior
normal;
color;
texCoord;

gl
gl
g
gl

layout( location = 1) in vec3 aNormal;
layout( location = 2 in vec3 aColor;
layout( location = 3 ) in vec2 aTexCoo:

¥

VkVertexinputAttributeDescription  vviad[4];
1/ 4 = vertex, normal, color, texture coord
wiad[0].location = 0; I/ ocation i the layout decoration
wiad[0].binding = 0; I/ which binding description this is part of
wiad[0).format = VK_FORMAT_VEC3; z
wiad[0].offset = offsetof( struct vertex, position ); "o

Jl array per vertex input attribute

X Y

™
wviad[1].location = 1; Always use the C/C

wiad[1].binding

hardcoding the value!

wiad[1].format = VK_FORMAT_VEC3;  // nx, ny, nz
wviad[1].offset = offsetof( struct vertex, normal ); 112
wiad[2].location = 2;

wiad[2] binding = 0;

wviad[2] format = VK_FORMAT_VEC3;  //r,g,b
wiad[2].offset = offsetof( struct vertex, color ); 124

wviad[3] location = 3;
wiad[3] binding = 0;
wiad[3].format = VK_FORMAT_VEC2;  //'s, t

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

construct offsetof, rather than

ooy 24 200]

Telling the Pipeline about its Input 5] Telling the Pipeline about its Input |
We will come o the Pipeline later, but for now, know that a Vulkan Pipeline is essentially a very large
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 s vertex input
data structure that holds (what OpenGL would call) the state, including how to parse ts vertex input.
VkGraphicsPipelineCreatelnio
Type = VK_STRUCTURE_TYPE_GRAPHICS_PIPELINE_CREATE_INFO:
VkPipelineVertexinputStateCreatelnfo  vpvisci; Il used to describe the input vertex attributes zg‘p’g :fo‘ = i — - - -—INFO:
vpvisci.sType = VK_STRUCTURE_TYPE_PIPELINE_VERTEX_INPUT_STATE_CREATE_INFO; voaiagae o T
:S:;zz;ﬁ:::fo"“”p"* vgpci.stageCount = 2; 11 number of shader stages in this pipeline
o Sta =
vpvisci.vertexBindingDescriptionCount = 1; zgpj "Verie:" ::’;;1 ~ svpvisci
vpvisci.pVertexBindingDescriptions = vvibd; 9P p‘ . P! . f& ol
vpvisci.vertexAttributeDescriptionCount = 4; Vgpel pinputhssemblyState = &vpiascl; o
vpvisci.pVertexAttributeDescriptions = vviad: vgpol ~ (VkPipe reatelnfo *)nullptr; /1 8vptsci
pviscl | g vgpci.pViewportState = &vpvsci;
VkPipelinelnputAssemblyStateCreatelnfo  vpiasci; zggg mﬁi:ﬁ;zgﬂzf&%‘;zz"
upiasci.sType = VK_STRUCTURE_TYPE_PIPELINE_INPUT_ASSEMBLY_STATE_CREATE_INFO; vpel pDeplhStenciState - Supdssci
:;:::z: ;’:‘;:[’0““"9"' vgpei pColorBlendState = &vpebsci;
=0 vgpci.pDynamicState = &vpdsci;
vpiasci.topology = VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST;; e Payant  IN GraphicepipslineLayout
vgpci.renderPass = IN RenderPass;
vgpci.subpass = 0; i subpass number
vgpci.basePipelineHandle = (VkPipeline) VK_NULL_HANDLE;
vgpoi.basePipelinelndex = 0;
result = vkCreateGraphicsPipelines( LogicalDevice, VK_NULL_HANDLE, 1, IN 8vgpci,
PALLOCATOR, OUT 8GraphicsPipeline );
o o
SIGGRAPH 2%, . SIGGRAPH 2%, .
Telling the Command Buffer what Vertices to Draw 47| Drawing with an Index Buffer |
struct vertex JustVertexDatal | =
J verox 0 Stream of Vertices Stream of Indices
We will come to Command Buffers later, but for now, know that you will specify the vertex buffer {
that you wan drawn -
g Vertex Lookup M
L
{
N Ao e b F:l
verox 14,11
VKBuffer buffers[1] = MyVertexDataBuffer.buffer; 1
{
0,1, vertexD offsets ); {
(
const uint32_¢ sizeof( )1 sizeof( ) (
const uint32_t T > Always use the C/C++ »
const uint32_t firstVertex = 0; construct sizeof, rather than .
const uint32_t firstinstance hardcoding a count!
int dustindexDatal
firstVertex, 13
0.2,3;
0,31,
457 N
476
13,7
0,4,6, 9!
0.6,2,
267,
27,3,
0.1,5,
B
SIGERAPH [ e SIGGRAPH i ———
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Drawing with an Index Buffer 49| Drawing with an Index Buffer 50|
kCi bindingCount, vertexDataBuffers, vertexOffsets );
vkCmdBi indexD: i i ;
indexOffset, indpxType ); VkResul
Inito5Mylr VKD ize size, OUT MyBuffer * pMyBuffer)
typedef enum VKindexType / {
{ VkResult result = InitO5DataBuffer(size, VK_BUFFER_USAGE_INDEX_BUFFER_BIT, pMyBuffer);
VK_INDEX_TYPE_UINT16 =0,/ 0~ 65,535 1 fils pMyBuffer
VK_INDEX_TYPE_UINT32 = 1,// 0 - 4,204,967,295 " It
} VkindexType; ) return result;
vkCmdDi indexCount, instanceCount, fi vertexOffset, fil i ? f(J Data), IN &MyJus(\/enexDalaBuffer %
Fillo5DataBuffer( MyJustVertexDataBuffer, (void *) JustVertexData );
Inito5MyindexDataBuffer( sizeof(JustindexData), IN &MyJustindexDataBuffer );
Fillo5DataBuffer( MyJustindexDataBuffer, (void *) JustindexData );
oy 21 0] v sy 2t o]
Drawing with an Index Buffer 51 Sometimes the Same Point Needs Multiple Attributes 2]
2 3
VkBuffer vBuffers[1] = { MyJustVertexDataBuffer.buffer };
VkBuffer iBuffer = { MyJustindexDataBuffer.buffer };
S 7
kC C 0, 1, vBuffers, offsets );
110, 1 = firstBinding, bindingCount
KC ], iBuffer, 0, VK_INDEX_TYPE_UINT32 ); Y
const uint32_t vertexCount = sizeof( JustVertexData ) / sizeof( JustVertexData[0] ); 1

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

const uint32_t firstVertex = 0;

const uint32_t firstindex
const uint32_t firstinstance = 0;
const uint32_t vertexOffset =

Sometimes a point that is common tg

ultiple faces has the same attributes, no matter what
face itis in. Sometimes it doesn’t.

kCmdD: C

\dex], indexCount, instanceCount, firstindex,
vertexOffset, firstinstance );

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 indexed 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.

Sometimes the Same Point Needs Multiple Attributes 53]

Where values do not match at the m
comners (texture coordinates)

Shaders and SPIR-V

Mike Bailey

mjb@cs.oregonstate.edu

Where values match at the
corners (color)

| © SieR

| http://cs.oregonstate.edu/~mijb/vulkan




The Shaders’ View of the Basic
Computer Graphics Pipeline

« In general, you want to have a vertex and
fragment shader as a minimum.

+ Amissing 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 i
The interpolated values then go to the
fragment shaders

|:| = Fixed Function
I:I = Programmable

£ SIGGRAPH [,

ooy 20 200
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Vulkan Shader Stages

Shader stages

typedef enum VkPipelineStageFlagBits {
VK_PIPELINE_STAGE_TOP_OF_PIPE_BIT = 0x00000001,
VK_PIPELINE_STAGE_DRAW_INDIRECT_BIT = 000000002,
VK_PIPELINE_STAGE_VERTEX_INPUT_BIT = 000000004,
K_PIPELINE_STAGE_VERTEX_SHADER_BIT = 0x00000008,
'K_PIPELINE_STAGE_TESSELLATION_CONTROL_SHADER_BIT = 0x00000010,
K_PIPELINE_STAGE_TESSELLATION_EVALUATION_SHADER_BIT = 000000020,
K_PIPELINE_STAGE_GEOMETRY_SHADER_BIT = 0x00000040,
VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT = 0x00000080,
VK_PIPELINE_STAGE_EARLY_FRAGMENT_TESTS_BIT = 0x00000100,
VK_PIPELINE_STAGE_LATE_FRAGMENT_TESTS_BIT = 0x00000200,
VK_PIPELINE_STAGE_COLOR_ATTACHMENT_OUTPUT_BIT = 0x00000400,
VK_PIPELINE_STAGE_COMPUTE_SHADER_BIT = 0x00000800,
VK_PIPELINE_STAGE_TRANSFER_BIT = 0x00001000,
VK_PIPELINE_STAGE_BOTTOM_OF_PIPE_BIT = 000002000,
VK_PIPELINE_STAGE_HOST_BIT = 0x00004000,
VK_PIPELINE_STAGE_ALL_GRAPHICS_BIT = 000008000,
VK_PIPELINE_STAGE_ALL_COMMANDS_BIT = 0x00010000,
} VkPipelineStageFlagBits;

ooy 24 200]

How Vulkan GLSL Differs from OpenGL GLSL

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_Instancelndex

gl_VertexiD
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

Vulkan: Shaders’ use of Layouts for Uniform Variables

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

ampler uniform variables
must be in block buffers

matd uModelMatrix;
matd uViewMatrix;
matd uProjectionMatrix;
mat3 uNormalMatrix;

} Matrices;

fform block:
uniform lightBuf

I/ non-sampler variables must be in
layout( std140, set = 1, binding >

vecd uLightPos;
) Light;

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

codel ] (u_n32.

codeSizo m byes)

VikShadertodueCreatainiol)

kCreateShaderModule()

How Vulkan GLSL Differs from OpenGL GLSL

Shader combinations of separate texture data and sampler:
uniform sampler s;
uniform texture2D t; Note: our sample code
vec4 rgba = texture( sampler2D(t, s ), vST ); doesn’t use this.

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 can be from

constants

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

« This sets gl ize.x and gl_\
+ gl_WorkGroupSize.z s set as a constant

Vulkan Shader Compiling

You half-precompile 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, when the pipeline
structure is finally created

The SPIR-V spec has been public for a few years —new shader languages are
surely being developed

OpenGL and OpenCL have now adopted SPIR-V as well

External

Vendor-specific

GLSL Source  —— GLsL
code

Compiler
Develop Time

— SPIRV —

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

ahwN
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SPIR-V:

Standard Portable Intermediate Representation for Vulkan

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

Shaderfile extensions:

vert Vertex

tesc Tessellation Control

tese  Tessellation Evaluation
.geom Geometry

frag Fragment

.comp Compute

(Can be overridden by the —S option)

Running glslangValidator.exe 52]

glslangValw

Compile for Vulkan (“-G” is compile for OpenGL)

sample-vert.vertx-o sample-vert.spv

Specify the output file

The input file. The compiler determines the shader type by the file extension:

-V Compile for Vulkan vert Vertex shader
-G Compile for OpenGL tees Tessellation Control Shader
-l Directory(ies) to look in for #includes .tecs Tessellation Evaluation Shader
-S Specify stage rather than get it from shaderfile extension .geom Geometry shader
-C Print out the maximum sizes of various properties frag Fragment shader
.comp Compute shader
Windows: glslangValidator.exe
Linux: glslangValidator
€ SIGGRAPH : € SIGGRAPH i
- oy 24200 - P |
Running glslangValidator.exe 63 How do you know if SPIR-V compiled successfully? 64

€2 SIGGRAPH

lkan/Samplel

D Sy /Vulkan/Sample2017
§ 185

=glslangvalidator. exe -V sample-vert.vert -o sample-vert.spv

sample-vert.vert

ID+m] h
§ 186
~glslangvalidator
sample-trag. Trag

Vulkan/Sample2017

JSVulkan/Sample2017

sample-frag. frag -o sample-frag.spwv

Reading a SPIR-V File into a Vulkan Shader Module

#define SPIRV_MAGIC 0x07230203

VkResult
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 1= SPIRV_MAGIC )

filename.c_str( ), magic, SPIRV_MAGIC );
return VK_SHOULD_EXIT;

fseek(fp, OL, SEEK_END );
int size = ftell( p );

rewind(p );

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

felose(fp );

fprintf( FpDebug, "Magic number for spir-v file '%s is 0x%08x — should be 0x%08x\n",

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 ...

€2 SIGGRAPH

Reading a SPIR-V File into a Shader Module & |

VkshaderModuleCreatelnfo
YPE\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;

€2 SIGGRAPH
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ViPipeineShaderStageCreateino

Vulkan: Creating a Pipeline

‘Shadersiages ©_

Vertexinout Sate

T

ViPipoinovererinpuSiateCroatoinio -hmgy

Tessaiation State

Viewport Stte a——T
Rastrzation State +—|

— s
e At

DeptrStonci Stats +—|

Dynamic S
Peins o

biieP\vlhneHi»ﬂh
soPpelinoindox

GoptiTestEnable

SIGGRAPH 75,

VKGraphicsPpeineCreatelnt

VkCraatoGraphicsPipeline()

GopthCompareOp.
SenciTestEnabie
stonciOpSiioFront

\—‘ ble.

blander
srcCalorBiendFactor
sCalor@iendFactor

JorBier
srcAphaBlondFacor

VkPipelneDynamicSiateCreatenio alphatiendOp.
colonrtettask

[ i o s v e i |

oy 20 2]

For example, if this is your Shader Source

SIGGRAFH 75,

#version 400

extension GL_ARB. separate_shader_objects : enable.
fextanson GI_ARD_ shacing Jangusge 4Z0peckanable

layout(std140, set

maté ubodelMarix;
maté uViowMatix:

maté uProjectionMatix;

mat3 uNormalMatrx;
) Matrices

Jinon-opague must be in a uniform bl
Toyou RaH40 ot 1, D =0 ) o gt

vecd uightPos;
)Light;

lavout ocation =0) i vec3 avores

oo
v locaton = 3 Invect aroxgoor

layout (Iocation = 0 ) out vec3 vNormal;

1) out vec3 vColor:

layout (location = 2 ) out vec2 vTexCoord,

void
main()
{

matd PYM
9l_Posiion

Matices.
i

Normal = Matics ot ol

VColor

renGoord = sTesCoor

You can also take a look at SPIR-V Assembly

rt.spv

wxe ¥ (3) samplavertaert o samp

This prints out the SPIR-V “assembly” to standard output.
Other than nerd interest, there is no graphics-programming reason to look at this. ©

ooy 20 20

the SPIR-V Assembly, Part |

‘Gapabily Shad

Name 4 ‘main®
Name 10 "PYII-
Name 13 "matBur

o s e

Nam 65 “lg@”

Name 67 "Light”

SourceExiension "GL_ARB. separale_shader_obje
Soucatiension “GLARB shadng Tanguage, 430peck”

Hemberlame 65(ighiBuf)0 "uLightPos”

MemberName 13(malBuf) 0 “ublodelatrix

Henboroecorte 1St | Caior

MemberDecorat 13(matEur
MembarDccorate 13(maiBuf) 1 Matuiida 16
128
®
102
®

Decorate 13(matBun) B
Dacaral aice Dosctpiorsotd

70]

This is the SPIR-V Assembly, Part Il

Decorate 15(atices) Binging O

e e B Hemiosaris 0 P | oo
e e Mg = e 32(al f anvﬁmu]ZBmll\erhpD\dincl

i3maBu)  TypeSineisss
S5 ypebanerunfar amat
TMatice) 14t Varato Uniom

poponr o s

2 18
25 ey Consnto

int 320
:n 20 Constant
TypeAiray i
aten, " Typesi Tivech toan 31
Tyspolte O 330 PtV
ot Ve

it ot 1)
st mpnw riaie npul
o Consnt 06535521

sl 470 i G
48 16(0n) Constant 3

MemberDecorato 32(d_Perertex) 0 Bui Posfion

This is the SPIR-V Assembly, Part Ill

= ypePainir Uniom
Satomat 30 vl
SavCoan:  47(t Varabe Ouput
S7(aColor)  36(pr) Varable Input
58 Vector Sfoat)2

w0 Ty
61(TexCoord).60(pr) Variable Ouipul

BaTexCoord:  62(t) Varibie nput
GS(IghBf).  TypeSict 7(fvece)
B Ty

ST 6 Vrtle Lndorm
a2 Funtonone
Lavel
|mPvM] o S e Fucton
18 1l Acceshan Taics) 17
0

2 mwn]uceg&:mm15[Mmcn)11
=

2 itmestio 02
2 ‘ammmwcm‘swammm
27
FA mmm-stxuz7
Store 10(PV
oo

38 11(vec3) Load 37(aVertox)
40 6(foa) CompsicExtract 38 0
41 6{foa ComposioExact 38 1
42 6(foa) CompsioExtact 38 2

Poner Unitorm 65(ightur)

et NawTimesecr 3543
46 4l Acesscran 542

sog) megcm 15(Matices) 49
12 Loa
(e o S(aNormal
e Mt Tmeslecir 5254
Normal) 55
T ma 57(aColor
Jore S6(uCalon) 56
stz lm G3(aTexCoors)
611 ToxCoord) 64

2 2 5282

Funcionénd
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A Google-Wrapped Version of glslangValidator 73 74
The shaderc project from Google (https:/github.com/google/shaderc) provides i all ml |'
a glslangValidator wrapper program called glsic that has a much improved Data Buffers
command-line interface. You use, basically, the same way:
glslc.exe -target-env=vulkan  sample-vert.vert -o sample-vert.spv
Mike Bailey
There are several really nice features. The two | really like are: :
mjb@cs.oregonstate.edu
1. You can #include files into your shader source
2. You can “#define” definitions on the command line like this:
glslc.exe --target-env=vulkan  -DNUMPONTS=4 pl rt.vert -o pl rt.spv
glslc is included in your Sample .zip file
| http://cs.oregonstate.edu/~mijb/vulkan
e | e |
From the Quick Reference Card 75] Terminology Issues 76]
WVulkan 1.1 Reference Guide
Wulkan Pigeline Dlagram %)
E o T =ea K e 3 AVulkan Data Buffer is just a group of contiguous bytes in GPU memory. They have no
B e N e E inherent meaning. The data that is stored there is whatever you want it to be. (This is
e —q— e | sometimes called a “Binary Large Object”, or “BLOB".)
[y N Ownsriptor St Itis up to you to be sure that the writer and the reader of the Data Buffer are interpreting
i 1 i the bytes in the same way!
Lo e
— — Lt Vulkan calls these things “Buffers”. But, Vulkan calls other things “Buffers”, too, such as
Ry Texture Buffers and Command Buffers. So, | sometimes have taken to calling these things
E"““"i I “Data Buffers” and have even gone to far as to override some of Vulkan’s own terminology:
s
;'—__ == 1 s typedef VkBuffer VkDataBuffer;
I_.._-_-..:.—.-u...;!._.r il |
— = i | This is probably a bad idea in the long run.
[ o
E om 7 w1
SIGGRAFH 75, . SIGGRAFH 75, _—
77 78]

Creating and Filling Vulkan Data Buffers

buffetUsage
aveuoFamiyndices
sze oyles)

LogicalDovs

ViguterCrestainto

Buter,

KGetBuferMomoryRequirements( )

memonyType

Vitomonylocataito

LogealDevce AllocateMemory()

buttertichonHance

apucress

Creating a Vulkan Data Buffer

VkBuffer Buffer;

VkBufferCreatelnfd

vbei.sType = VK_STRUCTURE_TYPE_BUFFER_CREATE_INFO;

TEXEL_BUFFER_BIT
TEXEL_BUFFER_BIT

VK_USAGE_VERTEX_BUI &k
VK_USAGE_INDIRECT_BUKFER_BIT
vbei.sharingMode = << one of: >>
VK_SHARING_MODE_EXCLI
vbci.queueFamilylndexCount = 0;
vbei.pQueueFamilyindices = (const ion32_t) nullptr;

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

13
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Allocating Memory for a Vulkan Data Buffer, Binding a 79| Finding the Right Type of Memory 5]
Buffer to Memory, and Writing to the Buffer

VkMemoryRequirements

result = vkGetBufferMemoryHequirements( LogicalDevice, Buffer, OUT &vmr );

int
FindMemoryThatlsHostVisible( )
{

VkMemoryAllocatelnfo
vmai.sType = VK_STRUCTURE {YPE_MEMORY_ALLOCATE_INFO; VkPhysicalDeviceMemoryProperties  vpdmp;
vmai.| pNex(— nullptr; ( PhysicalDevice, OUT &vpdmp );
vmai.flags = 0; for( unslgned inti=0;i<vpdmp.i memoryTypeCoun( i++)
vmai. allocatlonSlze vmr.size;
vmai.memoryTypelndex = FindMemoryThatlsHostVisible( );

VkMemoryType vmt = vpd
if( ( vmt.propertyFlags &3

return i;
VkDeviceMemor }
result = vkAllocateMemory( Log N &vmai, PALLOCATOR, OUT &vdm );

return -1;

result = vkBindBufferMemory( Lodic\Device, Buffer, IN vdm, 0 ); 11 0'is the offset }

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

<< do the memory copy >>

SIGGRAPH [ . SIGGRAPH [
el foSlt = vkl LagicalDevice IN vdm ). me_ 24 200 ] L] ooy 24 200]

Finding the Right Type of Memory 81 Finding the Right Type of Memory |

VkPhysicalDeviceMemoryProperties
vkGetPhysicalDeviceMemoryProperties( PhyslcaIDewce OUT &vpdmp );

int
FindMemoryThatlsDeviceLocal( )
{

VkPhysicalDeviceMemoryProperties vpdm 11 Memory Types:
vaelF’hys|caIDewceMemoryPropemes( PhyslcalDevwce OUT &vpdmp ); Memory
for( unsigned int i = 0; i < vpdmp.memoryTypeCount; i++ ) Memory
Memory
\ yType vmt = vpdmp, post Memory
if( vml.pmpenyF\ag@
{ Memory
return i; Memory
} Memory
} Memory 7: Devicelocal
return -1; Memory 8: Devicelocal
} Memory 9: HostVisible HostCoherent
Memory 10: HostVisible HostCoherent HostCached

ahewN2Q

2 Memory Heaps:
Heap 0: size = 0xb7c00000 DeviceLocal
Heap 1: size = 0xfac00000

Sidebar: The Vulkan Memory Allocator (VMA) Sidebar: The Vulkan Memory Allocator (VMA) 84

#define VMA_IMPLEMENTATION
#include “vk_mem_alloc.h”

The Vulkan Memory Allocator is a set of functions to simplify your view of Y_k_Eu“ercrea‘elnfo Ve
allocating buffer memory. | don't have experience using it (yet), so I'm not in a ‘VmaAllocationCreatelnfo vaci;
position to confidently comment on it. But, | am including its github link here vaci.physicalDevice = PhysicalDevice;
and a little sample code in case you want to take a peek. vaci.device = LogicalDevice;

vaci.usage = VMA_MEMORY_USAGE_GPU_ONLY;
https://github.com/GPUOpen-LibrariesAndSDKs/VulkanMemoryAllocator

VmaAllocator

var;
This repository includes a smattering of documentation. vmaCreateAllocator( IN &vaci, OUT &var )

VkBuffer Buffer'
‘VmaAllocation
\maCreataBufier{IN var, IN &b, IN &vaci, OUT &Buffer. OUT &van, nulpir )

void *mappedDataAddr;

vmaMapMemory( IN var, IN van, OUT &mappedDataAddr );
memcpy( mappedDataAddr, &MyData, sizeof(MyData) );

vmaUnmapMemory( IN var, IN van );

L1 L1
€ SIGGRAPH [, o SIGGRAPH %,
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Something I've Found Useful

I 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.

7/26/2020

Initializing a Data Buffer

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

VkRes!
vbci.size = pMyBuffer->size = size;

pMyBuffer->vdm = vdm;

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

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

It also makes it il ible to y the wrong
VkDevi ory and/or VkDi with the wrong data buffer.
[ [
SIGBRAPH B, ] SIGGRAPH %, —
Here’s a C struct used by the Sample Code to hold some uniform variables 87 Filling those Uniform Variables |
uint32_t Height, Width;
struct matBuf const double FOV = glm:radians(60.);  // field-of-view angle in radians
glm::mat4 uModelMatrix; glm::vec3 eye(0.,0.,EYEDIST);
atd uViewMatrix; glm::vec3 look(0.,0.,0.);
at4 uProjectionMatrix; gim::ved up(0.,1.0.)
at3 uNormalMatrix; Matrices.uModelMatrix = glm::mat4( 1. ); I/ identity
Matrices.uViewMatrix = glm::lookAt( eye, look, up );
Matrice: = FOV, eight, 0.1, 1000. );
Here’s the associated GLSL shader code to access those uniform variables Meatrices.uProjectionMatrix[1][1] *= Il account for Vulkan's LH screen coordinate system
Matrices.uNormalMatrix = gim::inverseTranspose( glm::mat3( Matrices.uModelMatrix ) );
layout( std140, set = 0, binding = 0 ) uniform matBuf
matd uModelMatrix; This code assumes that this line:
matd4 uViewMatrix; -
mat4 uProjectionMatrix; #define GLM_FORCE_RADIANS
mat4 uNormalMatrix; o .
== } Matrices; == is listed before GLM is included!
SIGGRAFH 75, e SIGGRAFH 75, e
0]

The Parade of Buffer Data |

MyBuffer ~ MyMatrixUniformBuffer;

The MyBuffer does not hold any actual data itself. It just
information about what is in the data buffer

e
s DataBuller] ViDkooSE: 525, VHOUBAageTiag Leage. DA MyDutr * phySusler

s - Py Taes - s,

e Attt | Lo, 14 s, LA |, L1 byl

This C struct is holding the
original data, written by the

application. —. e,
-:p:ﬁf,‘,’;}:w The Data Buffer in GPU memory is holding the
struct matBuf Matrices; copied data. It is readable by the shaders
! uniform matBuf Matrices;
by oAt S0 zof — 0 bleeding — 0} priiorm mofut
ek e 2 nadd blasdbdaia,
T ———— e VWi

rraTowegeend oo Momtcse. AMBls ) ) 3 Masices

Filling the Data Buffer

Init05UniformBuffer( sizeof(Matrices),

Fillo5DataBuffer( MyMatrixUniformBuffer,  IN (void *) &Malrices )

/OUT &MyMatrixUniformBuffer )

i vee® yedll 0 FYFNIAT)
sl w3 bouk(D.0.0.),
glmzveed upio, 1.0,

= gimematd] I ettty

Matrices uliewMalrix

= glmcdookAL ey, ook, up )

MstricRs 18 = FOW,

Mstrices wrojectionMatif11[1] *--1.;

LERET:

Matnces - pone] Matnces.

3
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Creating and Filling the Data Buffer — the Details 91 Creating and Filling the Data Buffer — the Details 52|
VkResult
i KDevi . VkBufferUsageFlags usage, OUT MyBuffer * pMyBuffer )
VkResult
Fillo5DataBuffer( IN MyBuffer myBuffer, IN
{

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

void * pGpuMemory;
vbel.queueFamilyindexCount = 0; . vkMapMemory( LogicalDevice/AN myBuffer.vdm, 0, VK_WHOLE_SIZE, 0 pGpuMemory;
vbei pQueueFamilyindices = (const uiM32_t Jnullptr;

result = vkCreateBuffer ( LogicalDevice, IN &vbci, PALLOCATOR, OUT &pMyBuffer->buffer ); 0and 0 are offset and flag

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

VkMemoryRequirements @\m vkUnmapMemory( LogicalDevice, IN myBuffer.vdm );
ice, IN pMyBuffer->buffer, OUT &vmr ); I fills vmr

return VK_SUCCESS;

VkMemoryAllocatelnfo }
vm: K_STH PE_MEMORY_ALLOCATE_INFO;
vmai pNe -
vmai.allocationSize = vmr.size; Remember — to Vulkan and GPU memory, these are just bits.
vmat P = % Itis up to you to handle their meaning correctly.
VkDeviceMemory

result = vkAllocateMemory
pMyBuffer->vdm = vdif:

result= LogicalDevice, pMy . IN vdm, OFFSET_ZERO );
return result;

SIGGRAPH [, n

%] Setting Up GLFW 5
#define GLFW_INCLUDE_VULKAN

m #include "glfw3.h"

uint32_t Width, Height;
GLFW VkSurfaceKHR Surface;
void
IntGLFW( )
Mike Bailey {
] glfwinit( );
mjb@cs.oregonstate.edu if( ! glfwVulkanSupported( ) )
fprintf( stderr, “Vulkan is not supported on this system!\n” );
exit( 1);
glfwWindowHint( GLFW_CLIENT_API, GLFW_NO_API );

glfwWindowHint( GLFW_RESIZABLE, GLFW_FALSE );
MainWindow = glfwCreateWindow( Width, Height, "Vulkan Sample”, NULL, NULL );
VkResult result = i Instance, , NULL, OUT &Surface );

| glfwSetErrorCallback( GLFWErrorCallback );

- o allback - .
http'//cs'oregonState'edUI mJb/VL”kan glfwSetCursorPosCallback( MainWindow, GLFWMouseMotion );

GL )
> SIGGRAPH [, " SIGGRA| o

You Can Also Query What Vulkan Extensions GLFW Requires & | GLFW Keyboard Callback 6]

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

uint32_t count;

if( action == GLFW_PRESS )
const char * ions = gl i ions (&count); {

switch( key )
{

fprintf( FpDebug, "nFound %d GLFW Required Instance Extensions:\n", count ); licase GLFW_KEY_M:

case'm’:
for(uint32_t i=0;i < count; i++) case 'M':
Mode++;
fprintf( FpDebug, "\t%s\n", extensions[ i ] ); if( Mode >= 2 )
Mode = 0;
break;
" default:
Eotmd 2 GFFW Required Instance fprintf( FpDebug, "Unknow key hit: 0x%04x = "%c'\n", key, key );
xtensions: fflush(FpDebug);
VK_KHR_surface }
VK_KHR_win32_surface }

}
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GLFW Mouse Button Callback 97

void
‘GLFWMouseButton( GLFWuindow “window, int button, int action, int mods )
{

intb=0; /I LEFT, MIDDLE, o RIGHT

1l get the proper button bit mask:
switch bution )

case GLFW_MOUSE_BUTTON_LEFT:
b= LEFT, al

case GLFW_MOUSE_BUTTON_MIDDLE:
b= MIDDI

case GLFW_MOUSE_BUTTON_RIGHT:
b= RIGHT; break;

default:

b=0;
fprint( FpDebug, “Unknown mouse button: %d\n", button );
)

1/ bution down sets the bit, up clears the bt
if(action == GLFW_PRESS )

double xpos, ypos:
glfwGetCursorPos( window, &xpos, &ypos):
Xmouse = (injpos:

Ymouse = int)ypos:

ActiveButton |= b; i set the proper it

ActveButton &= ~b 1 clar the proper bt
)
> SIGERAPH [,
P |
Looping and Closing GLFW e |

while( Wi Does not block —

{ - / processes any waiting events, then returns
glfwPollEvents(
Time = glfwGetTime( );
UpdateScene( );
RenderScene( );

/I elapsed time, in double-precision seconds

}

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

GLFW Mouse Motion Callback

void
GLFWMouseMotion( GLFWwindow *window, double xpos, double ypos )
{

int dx = (int)xpos - Xmouse;
intdy = (int)ypos - Ymouse;

i change in mouse coords

if( (ActiveButton & LEFT ) 1=0 )
Xrot += (ANGFACT*dy );
Yrot += (ANGFACT*dx );
if( (ActiveButton & MIDDLE ) 1=0 )
Scale += SCLFACT * (float) ( dx - dy );
I/ keep object from tuming inside-out o disappearing:
if( Scale < MINSCALE )

Scale = MINSCALE;

int)xpos; /I new current position
nt)ypos;

ooy 24 200]

Looping and Closing GLFW

If you would like to block waiting for events, use:

glfwWaitEvents( );

You can have the blocking wake up after a timeout period with:

glfwWaitEventsTimeout( double secs );

You can wake up one of these blocks from another thread with:

glfwPostEmptyEvent( );

Vilkan.

GLM

Mike Bailey

mjb@cs.oregonstate.edu

| http://cs.oregonstate.edu/~mijb/vulkan

What is GLM?

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.

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/

7 |

You invoke GLM like this:

OpenGL treats all angles as given in degrees.
This line forces GLM to treat all angles as given

Liff radians. | recommend this so that all angles
efine GLM_FORCE_RADIAN: you create in all programming will be in 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.

17



7/26/2020

Why are we even talking about this? 103 The Most Useful GLM Variables, Operations, and Functions 104
Al of the things that we have talked about being deprecated in OpenGL are really m ractor
deprecated in Vulkan -- built-in pipeline transformations, begin-end, fixed-function, etc. So, constructor:
where you might have said in OpenGL: gim:mata( 1. ); J/ identity matrix
gIMatrixMode( GL_MODELVIEW ); gim:ivecd( )
glLoadldentity( ); ' gim::vecd();
gluLookAt( 0.,0,3., 0,0,0, 0,1,0.); GLM recommends that you use the “glm::” syntax and avoid “using namespace”
glRotatef( (GLfloat)Yrot, 0., 1., D ) syntax because they have not made any effort to create unique function names
glRotatef( (GLfloat)Xrot, 1., N
giScalef( (GLfloat)Scale, (GLﬂoat)Scale (GLfloat)Scale ); /I multiplications:
you would now say: glm:mat4 * glm:mat4
glm:mat4 * glm::vecd
glm::mat4 modelview = gim::matd( 1.);  // identity glm:mat4 * gim:vecd( gim:vec3, 1. )  // promote a vec3 to a vec4 via a constructor
glm::vec3 eye(0.,0.,3.);
gim::vec3 look(0.,0.,0.);
gim:vec3  up(0.,1.,0. )
modelview = glm::lookAt( eye, look, up ); 114y 2} = M {xy2)
= D2R*Yrot, )i I{X.y.Z} = V' [yr]'{xyz} " ing OpenGL ions with
modelview = glm::rotate( modelview, D2R*Xrot, gim::vec3(1.,0..0.) ); //{x.y,z} = VI"[yrl*[xr]
=gim:: g cale,Scale) ); /X'y 2} = [\ yr) [T [51 (" YZ) glm::mat4 gim::rotate( glm:mat4 const & m, float angle, glm::vec3 const & axis );
This is exactly the same concept as OpenGL, but a different expression of it. Read on for details gim::matd gim::scale( gim:matd const & m, glm:vec3 const & factors )
SIGGRAPH ™ SIGGRAPH ™= glm::mat4 glm::translate( glm::mat4 const & m, glm::vec3 const & translation );
L] e | e |

The Most Useful GLM Variables, Operations, and Functions 105] Installing GLM into your own space 706]

| 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.
\

Il viewing volume (assign, not concatenate):

glm::|
glm::|

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

glm::|
glm::

ustum( float left, float right, float bottom, float top, float near, float far );
::perspective( float fovy, float aspect, float near, float far);

1l viewing (assign, not concatenate):

gim:mat4 glm::lookAt( gim::vec3 const & eye, glm::vec3 const & look, glm::vec3 const & up );

Here’s what that GLM folder looks like 107, GLM in the Vulkan sample.cpp Program 708)

if( UseMouse )
€

if( Scale < MINSCALE )

—— Scale = MINSCALE;
Matrices.ubodelMatrix = gim=maté(1.);  /lidentiy
% delMatrx = gin: rotate( Yrot, gim:vec3(0.1.0) ):
Haticesulodealr - in:oate( Yoo, gmzvec 1.0.0.) )
P Matrices.ubodelMarix = gim: I

cale(
| done i way. e Scle 1 appled re o e oo, tham e ot
else
if( 1 Paused )
{

‘const gim:vec3 axis = gi:ivec3(0., 1.,0.);
Matrices.ubodelMatrix = glm:rotate( gim:matd( 1.), (float)gim:radians( 360.F Tme/SECONDS_PER_CYCLE ), axis )
1
)

gim:vecd eye(0.0. EYEDIST );
gimivecs 00k(0.0.0)
gim:vec3 up(0..1.0.);
o soatiati - gim:iookA eye, ook,

Matrices, Fov, 0.1, 1000 );
Matrices.uProjectionMatrix{1][1] *= -1.; I Vulkan's projected Y is inverted from OpenGL

Mat gl:mat3( M ModelMatrx ); 1/ note: i !

Filo5DataBuffer( MyMatricUniformBuer, (void *) &Matrices )

Misc.uTime = (foat)Time;
Misc.uMode = Mode;
- Fil0SDataBuffer{ MyMiscUniformBufier, (void*) &M )

18
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Sidebar: Why Isn’t The Normal Matrix exactly the same as the Model Matrix?

scalings, but if it has non-uniform scalings, then it is not. Wrong!

Itis, if the Model Matrix is all rotations and uniform
These diagrams show you why.

-~

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

\ Right!
Original object and normal

glm::mat3 NormalMatrix = gim::iinverseTranspose( gim::mat3(Model) ).

109

by 24,2020

“ulkan.

Instancing

Mike Bailey

mjb@cs.oregonstate.edu

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

0]

ooy 24 200]

Instancing — What and why?

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( C

vertexCountCinstanceCount, JrstVertex, 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?

‘ BTW, when not using instancing, be sure the instanceCount is 1, not 0 ! ‘

11

Making each Instance look differently -- Approach #1

such as position or color.

gl_Instancelndex starts at 0

In the vertex shader:

out vec3 vColor;
constint NUMINSTANCES = 16
const float DELTA =

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;

M [pIVI*[m]

Use the built-in vertex shader variable gl_Instancelndex to define a unique display property,

2]

113]

Making each Instance look differently -- Approach #2

Put the unique characteristics in a uniform buffer array and reference them
Still uses gl_Instancelndex

In the vertex shader:

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

vec3 uColors[1024];
} Colors;

out vec3 vColor;

int index = gl_Instancelndex % 1024;
vColor = Colors.uColors[ index J;

/l'or “& 1023” — gives 0 - 1023

vecd vertex =. . .

gl_Position = PVM * vertex; I TpI*IvVI*[m]

114]
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115] What is the Vulkan Graphics Pipeline? |

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

Wiican.

The Graphics Pipeline Data Structure

[ There is also a Vulkan Compute Pipeline Data Structure. |

Mike Bailey

mjb@cs.oregonstate.edu

Here’s what you need to know:

The Vulkan Graphics Pipeline is like what OpenGL would call “The State”, or “The Context”. It is a data structure.

2. The Vulkan Graphics Pipeline is not the processes that OpenGL
would call “the graphics pipeline”.

3. For the most part, the Vulkan Graphics Pipeline Data Structure is 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 Pipeline.

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

The shaders get compiled the rest of the way when their Graphics Pipeline gets created.

ooy 20 200 ETSPPR |

Graphics Pipeline Stages and what goes into Them 17| The First Step: Create the Graphics Pipeline Layout Eg |

The GPU and Driver specify the Pipeline Stages — the
Vulkan Graphics Pipeline declares what goes in them

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

Spedialization info

Vertex Input binding
Vertex Input attributes

VkResult

[ Topology | Input Assembly ] Init14GraphicsPipelineLayout( )
{

[ Tesselation Shaders, Geometry shader  |——————>] Tesselation, Geometry Shaders ] VkResult result;

Viewpart Y T VikPipelineLayoutCreatelnfo @
ml Viewport | VplcisType = VK_STRUCTURE_TYRE<PIPELINE_LAYOUT_CREATE_INFO;

vplci.pNext = nulptr;

Depth Giamping o Let the Pipeline Layout know about the
DiscardEnable TDescriptor Set and Push Constant layouts.
i ——prerpSeiLayouts = EbescrporSeilayouls[T}———
FrontFace vplci.pushConstantRangeCount = 0
LineWidth Vplci.pPushC = (VkPushC “)nullptr;
Which states are dynamic. I e result = vkCreatePipelineLayout( LogicalDevice, IN &vplci, PALLOCATOR, OUT &GraphicsPipelineLayout );
DepihTestEnable return result;
DepthireEnatie )
DepthCompareOp
StencilTestEnable Why is this necessary? It is because the Descriptor Sets and Push
r I Fragment Shader Stage ] Constants data structures have different sizes depending on how many of
Spedialization info v each you have. So, the exact structure of the Pipeline Layout depends on
€2 SIGGRAPH o I Color Blending Stage ] SIGGRAPH [, you telling Vulkan about the Descriptor Sets and Push Constants that you
olor Blending parameters ; _ o _——
A Pipeline Data Structure Contains the Following State Items: o) DescrptrSot Creating a Graphics Pipeline from a lot of Pieces 720]
ViPpelneLayouCrsatiio
« Pipeline Layout: Descriptor Sets, Push Constants
« Which Shaders to use
« Per-vertex input attributes: location, binding, format, offset
« Per-vertex input bindings: binding, stride, inputRate
» Assembly: topology
« Viewport: x, y, w, h, minDepth, maxDepth T
« Scissoring: x, y, w, h Vertoinpet Sato 4
« Rasterization: cullMode, polygonMode, frontFace, lineWidth Tessiion Se
« Depth: depthTestEnable, depthWriteEnable, depthCompareOp Rostazaton Sle <]
« Stencil: stencilTestEnable, stencilO ront, stencilO| Deptienct
« Blending: blendEnable, srcColorBlendFactor, dstColorBlendFactor, colorBlendOp, &}’L‘;‘Z‘su(’f
srcAlphaBlendFactor, dstAlphaBlendFactor, alphaBlendOp, colorWriteMask —’D a:.'ng;p“él“ﬂ:\ neWidh
- DynamicState: which states can be set dynamically (bound to the command buffer, outside the Pipeline) TascPpeineincer —
‘ GepthCompare0n
ViGraphcPpeinsCrastan, | \ SonciTosEnatle
sanciOpSiatoFron
‘ Bold/ltalics indicates that this state item can also be set with Dynamic State Variables ‘
bandnable
[¥CreateGraphicsPipeiine() | prissdiesd
ol
! ‘ Spaiendo
SIGERAPH 75 e > SIGGRAPH 1, e ] b
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Creating a Typical Graphics Pipeline 121

VkResult

{
#ifdef ASSUMPTIONS

vprsci.depthClampEnable = VK_FALSE;

vprsci.rasterizerDiscardEnable = VK_FALSE;
vprscipolygonhiode = VK_POLYGON MODE FILL;
vprsci.cullMode = VK_CULL_MODE_NONE:

vpebas.blendEnable = VK_FALSE
vpebsci logicOpEnable = VK_FALSE:

vpdssci.depthTestEnable = VK_TRUE;
vpdssci.depthWriteEnabls VK_TRUE;
vpdssci.depthCompareO,

#endif

p
VkPrimitiveTopology topology, OUT VkPipeline *pGraphicsPipeline )

wibd[0].inputRate = VK_VERTEX_INPUT_RATE_VERTEX;

// best to do this because of the projectionMatrix[1][1] *
Vprsci. froanace VK_FRONT_FACE_COUNTER_CLOCKWISE;
vpmsci rasterizationSamples = VK_SAMPLE_COUNT_ONE_BIT;

VK_COMPARE_OP_LESS;

The Shaders to U:

se

VKPipelineShaderStageCreatelnfo $vpsscl[2] )
€ STRUCTURE [E_SHADER_
Next = nulpi

K_SHADER_STAGE_VERTEX BIT;

Name = "main’;

“nullptr;
Hidef BITS
VK_SHADER_STAGE_VERTEX BIT
VK_SHADER_STAGE_ TESSELLATION_CONTROL_BIT
VICSHADER_STAGE TESSELLATION | EVALUATION_BIT
VK_SHADER_STAGE_GEOMETRY.
VK_SHADER_STAGE_ FRAGMENT ¢ o
VK_SHADER_STAGE_COMPUTE_BIT
VK_SHADER_STAGE_ALL_GRAPHICS
VK_SHADER_STAGE_ALL

ndi

/K_STRUCTURE_TYPE_PIPELINE_SHADER

_STAGE_CREATE_INFO;

_STAGE_CREATE_INFO;

Use one vpssci array member per
shader module you are using

T22)

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

‘ and the topology, and always uses the settings in red above.

Pipeline-creator that accepts Vertex and Fragment shader modules

VRVerexopuBdnescpon

1} pNewt - ol

] stage - V_SHADER_STAGE_FRAGMENT BIT

1 pName = i Use one wvibd array member per vertex
3 “eutbtr | input array you are using

Cwibdl1],) 1 an array cotaiing one ofhese per buffr bing used
wibd[0). bmdmg it which 3

oy 20 2]

wibdl[0] strde = sizeof( struct vertex ;
ibd[0] mputRats < VI VERTEX INPUT_RATE VERTEX:

#fdef CHOICES

VK_VERTEX_INPUT_RATE_VERTEX

VK_VERTEX_INPUT_RATE_INSTANCE

Hondif

1l bytes between successive

ooy 20 20

rtion nqu‘

VReolneVertapuSiseCresontc
STR

g vpvisci :)
UCTURE_TVF VERTEX_INPUT_STATE_CREATE_INFO;

Link in the Per-Vertex Attributes 23]
VkVertexinputAtiiouteDescripion  (_ wviadl4], ) //an array containing one of hese per verlex attrbute in all bindings ‘
4= color,text
location in the layout 5
i b descrpion s s o Use one vviad array member per element
o ‘F?ZMA; Vsm . o in the struct for the array-of-structures
et ExXT e cffsetol STt vertex.posil ' element you are using as vertex input
Ithess are hers for convenience and readabi
#define VK_FORMAT VEC4  VK_FORMAT R32G32B32A32 SFLOAT
iefne VK_FORMAT XYZW VK FORMAT R32G32B32A32 SFLOAT
#dofine VK FORMAT VEC3  VK_FORMAT_R32G32632 SFLOAT
#define VK_FORMAT_STP VK_FORMAT_R32G32832_SFLOAT These are defined at the top of the
#define VK FORMAT XYZ VK FORMAT R32G32832 SFLOAT '
e ORMAT X2, \KEORMAT R0 sample code 5o that you don't need to
Faeine VK FORMAT ST VK FORMAT R32032 SFLOAT use confusing image-looking formats
#define VK FORMAT X VK_FORMAT R32G32_SFLOAT it
#define VK FORMAT FLOAT VK FORMAT R32_SFLOAT for positions, normals, and tex coords
#define VK_FORMAT S VK FORMAT R32 SFLOAT
fefine VK_FORMAT X VK_FORMAT R32 SFLOAT
ait
wiad(f]locato
waclt] b
wiad1]. FORMAT_VEC3; /i, ny, nz
i1} oo - o o vries. nomar 1z
wiad(2}locatio
wiad[2]bindin
wiad(2]format = VK_FORMAT VECS;  //7,g.b
wwiad{2]offset = offsatof struct vertex, color ) 124
wiad(3]locator
wwiad3]binding
wiad[3]format = VK_FORMAT_VEC2; /s, t
wwiad[3]offset = offsetof struct vertex,texCoord ); "6
SIGGRAPH %%
. b~y 24,
Options for vpiasci.topology 25|

VK_PRIMITIVE_TOPOLOGY_POINT_LIST

{
oV
[ J
v, oV

VK_PRIMITIVE_TOPOLOGY_LINE_LIST

;

VO

VK_PRIMITIVE_TOPOLOGY_LINE_STRIP
Vs

VZ

Vo Vi

Vs

VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST

V.
v, 2

Va
A Vi

VK_PRIM| ITIVEﬁTO\?OLOGYﬁTRIANGLEisTRI P
6

V7

VK_PRIMITIVE_TOPOLOGY_TRIANGLE_FAN

1 used to describe the input vertex attrbutes.

vpvisci.flag:
vpvisci.vertexBindingDescriptionCount
‘vpvisci pVertexBindingDescriptions = vvibd:
vpviscivertexAttibuteDescriptionCour

Declare the binding descriptions and
attribute descriptions

Vpvisci.pVertexAltributeDescriptions = vwiad;

vpiasci.pNext mm

vpiasci.topology = VK_PRIMITIVE_TOPOLOGY_TRIANGLE_LIST;;

#def CHOICES

VK_PRIMITIVE_TOPOLOGY_POINT_LIST

VK_PRIMITIVE_TOPOLOGY_LINE_LIST

VICPRMITVE TOPOLOGY_TRUNGLE LisT
IMITIVE_TOPOLOGY_LINE_STR

VK PRMITVE 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
Hondif

plasci primitiveRestartEnable = VK_FALSE;

VWepelneTesselatonSiateCrealiio
vptsci STRI
vplsm DNex
vptsci
void patchComm\Pomls =0

uHDlv

ViPpeInaGamstn StsteCrestarta

vpisci fiags = 0;

WPpsinsnpuAssarySatsCestano
piasci<Type VK STRUCTURE. TYP INPUT_ASSEMBLY_STATE_CREATE_INFO:

1 number of patch control points

Declare the vertex topolog:

Tessellation Shader info

Geometry Shader info

What is “Primi

vpiasci.

= VK_FALSE;

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

e Restart Enable”?

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
VK_INDEX_TYPE_UINT32
} VkindexType;

, /10— 65,535
, 110 —4,294,967,295

If your VkIndexType is VK_INDEX_TYPE_UINT32, it

If your VkIndexType is VK_INDEX_TYPE_UINT16, then the special index is Oxffff.

is OxFFFFFEEE.

726)
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One Really Good use of Restart Enable is in Drawing Terrain 127 128)
Surfaces with Triangle Strips

Triangle Strip #0: VkV'EWp‘:l':

Tranglo s 1, TRl
wawidth = (float) Width;

Triangle Strp #2: [ S PSS |~ L/ Lt wheight = loat)Height

v.minDepth = 0.0f;
vv.maxDepth = 1.0f;

Declare the viewport information

VkRect2D Declare the scissoring information
vroffset.x
vroffset.

vrextent wldlh Width;
vrextent height = Height;

VkP\pel\neVlewpunSmleCrealeln
sci.sType = VK_STRYCTURE_ 'rva PIPELINE _VIEWPORT_STATE_CREATE_INFO;

vpvscw pNext = nuliptr;
vpvsciflags =

VPVSCi. vuewpun(:uum
vpvsci.pViewports = &w;
vpvsci.scissorCount =
VPVsci.pScissors = &vr;

L} L}
SIGGRAPH 2%, ] SIGGRAPH 7, o]

Group the viewport and

scissor information together

What is the Difference Between Changing the Viewport and Changing the Scissoring? 2] Setting the Rasterizer State |

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.

VkPlpelmeRastenzal\onstate(lreateIn(u
i.5Type = VK_STRUCTURE _TYP! E_RASTERIZATION_STATE_CREATE_INFO;

Declare information about how the

vprsci.depthClampEnable = VK PALSE,
vprsci rasterizerDiscardEnablg
vprsci.polygonMode = VK | PDLVGDN hobE - FILL

#ifdef CHOICES

VK_POLYGON_MODE_FILL

VK_POLYGON_MODE LINE

VK_POLYGON_MODE_POINT

#endif

rasterization will take place

Original Image

vprscicullMode = VK_CULL_MODE_NONE; 1l recommend this because of the projMatrix[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

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.

vprsci.frontFace = VK_FRONT_FACE_COUNTER_CLOCKWISE;
#ifdef CHOICES
VK_FRONT_FACE_COUNTER_CLOCKWISE
VK_FRONT_FACE_CLOCKWISE
#endif

prsci depthBiasEnable = VK_FALSE;

vprsci depthBiasConstantFactor = 0.;

vprsci depthBiasClamp = 0.;

prsci depthBiasSlopeF actor = 0.f;

vprscilineWidth = 1.1,

L} L}
SIGGRAPH [, " SIGGRAPH [, o

ﬂl

What is “Depth Clamp Enable”? 131 What is “Depth Bias Enable”? |

vprsci.d

hCl = VK_FALSE; vprsci. deplhBlasEnable 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.

0.f;
vprscl dep(hBlassIopeFactor =0.f;

Depth Bias Enable allows scaling and translation of the Z-depth values as
Agood use for this is Polygon Capping: they come through the rasterizer to avoid Z-fighting.

The gray area shows what would
happen with depthClampEnable
(except it would have been red).

The front of the polygon is clipped,
revealing to the viewer that this is
really a shell, not a solid

Z-fighting

I I
SIGERAPH [ e SIGERAPH [
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MultiSampling State 133 Color Blending State for each Color Attachment * 134
Create an array with one of these for each color buffer attachment. Each
color buffer attachment can use different blending operations.
VkPipelineMultisampleStateCreatelnfo
vpmscisType = VK_STRUCTURE_TYPE TINE_MULTISAMPLE_STATE_CREATE_INFO;
vpmsci pNext = nullptr; kalpe\|neCDIorB\endAuachmenlStale
vpmsci flags = 0; pebas.blendEnable = VK_FALSE;
vpmsci rasterizationSamples = VK_SAMPLE_COUNT_1_BIT; Declare information vpcbas srcColorBlendFactor = VK_BLEND_FACTOR_SRC_COLOR;
vpmsci.sampleShadingEnable = VK_FALSE; the multisampling wi vpcbas.dstColorBlendFactor = VK_BLEND_FACTOR_ONE. er:Vs SRC_COLOR;
vpmsci.minSampleShading = 0; vpcbas.colorBlendOp = VK_BLEND_OP_ADD; -
vpmsci,| p‘SahmgzMask (\éksz:nplmaﬁm)nu\lmn vpcbas.srcAlphaBlendFactor = VK_BLEND_FACTOR/ONE; is controls blending between the output of
vpmsci.alphaToCoverageEnable vpcbas.dstAlphaBlendFactor BLEND_FACT@R_ZERO; its i
! eqch color attachment and its image memory.
vpmsci.alphaToOneEnable = VK_FALSE; vpcbas.alphaBlendOp = VK_BLEND_OP_ADD;, 9 0
vpcbas.colorWriteMask VK_COLOR_@OMPONENT_R_BIT
| VK_COLOR_ZOMPONENT_G_BIT
P " — | VK_COLOR/COMPONENT_B_BIT
We will discuss MultiSampling in a separate noteset. | VK ool COMPONENT A_BIT:
‘Colornew =(1.-@) * ColoTeyisting + @ * ColoTincoming
0<a<l1
*A “Color Attachment” is a framebuffer to be rendered into.
by 24,2020 You can have as many of these as you want. e |
Raster Operations for each Color Attachment 735] Which Pipeline Variables can be Set Dynamically 736]
VkP\pehneCulurBIendS\a\eCreate\MD
sType = VK_STRUCTURE. WP;PRECOLORJLEND}TATE;REATEJNFO
Mocstpitintiip Just used as an example in the Sample Code
vpebsci.flags = 0;
vpebsci.logicOpEnable = VK_FALSE:
vpebscilogicOp = VK_LOGIC_OP_COPY; VkDynamicState (vds[D=CVR_DYNAMIC_STATE_VIEWPORT, VK_DYNAMIC_STATE_SCIS!
#ifdef CHOICES #ifdef CHOICES
xi ng}g gg CLEAR VK_DYNAMIC_STATE_VIEWPOR - vkCmdSetViewport( )
oG OFAND_ REVERSE VK_DYNAMIC_STATE_SCISSOR - vkCmdSetScissor( )
VK_LOGIC_OP_COPY This controls blending between the VK_DYNAMIC_STATE_LINE_WIDT| vkCmdSetLineWidth( )
il VICOYNAWIG,STATE_BLEND. GONSTANTS CCméSaBoniGonsris)
VK_LOGIC_OP_NO_OP i Cl X | X - vkCmdSetBendConstants
VK_LOGIC_OP_XOR inpttojthelcoloratachments: VK_DYNAMIC_STATE_DEPTH_BOUNDS - vkCmdSetDepthZBounds( )
xﬁ tgg}gfg”“ VK_DYNAMIC_STATE_STENCIL_CPMPARE_MASK vkCmdSetStencilCompareMask( )
VKL OGIC P EQUNALENT VK_DYNAMIC_STATE_STENCIL_WRITE_MASK - vkCmdSetStencilWriteMask( )
VK_LOGIC_OP_INVERT VK_DYNAMIC_STATE_STENCIL_REFERENCE - vkCmdSetStencilReferences( )
VK_LOGIC_OP_OR_REVERSE #endif
VK_LOGIC_OP_COPY_INVERTED VkPipelineDynamicStateCreatelhfo
VK_LOGIC_OP_OR_INVERTED vpdsci.sType = VK_STRUGTURE_TYPE_PI DYNAMIC_STATE_CREATE_INFO;
VK_LOGIC_OP_NAND vpdsci.pNext = nullptr;
VK_LOGIC_OP_SET
ot vpdsciflags
vpcbsci attachmentCount = 1; vpdsci dynamicStateCount § 0; /l1eave tumed off for now
vpdsci.pDynamicStates = vds;
vpebsci.blendConstants[3] =
137 . - T3]
The Stencil Buffer Using the Stencil Buffer to Create a Magic Lens
t Depth
. i
Update: |
|
i i
ui i
T ==
Here’s how the Stencil Buffer works:
1. While drawing into the Render Buffer, you can write values into the Stencil
Buffer at the same time.
2. While drawing into the Render Buffer, you can do arithmetic on values in the
Stencil Buffer at the same time.
3. When drawing into the Render Buffer, you can write-protect certain parts of the
Render Buffer based on values that are in the Stencil Buffer
_ =2 SIGGRAPH [, sy 24,203
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Using the Stencil Buffer to Create a Magic Lens 19

Write protect the color buffer X Draw the edges

Fill a square, setting SB = 1 .
Write-enable the color buffer

Draw the solids wherever SB == 0
Draw the wireframes wherever SB =:

O oA wWN =

Zighting

L}
SIGGRAPH [, R |

ooy 24 200]

Using the Stencil Buffer to Better Outline Polygons 1 Using the Stencil Buffer to Better Outline Polygons Taz]

Clear the SB =0

for( each polygon )
{

Draw the edges, setting SB = 1
Draw the polygon wherever SB != 1
Draw the edges, setting SB =0

> L}
€2 SIGGRAPH [,

Using the Stencil Buffer to Perform Hidden Line Removal Z| Stencil O for Front and Back Faces 144
VkStencilOpState I front
vsostdepthFaiOp = VK_STENCIL 5. I/ what t do’f depih operaton fais
VsosifalOp = VKSTENCIL_OP_KEEP; //what to do  stenci operation fas
vsosipassOp = VK_STENCIL_OP_KEEP: //what to do f stenci operation succeeds
#idef CHOICES
VK_STENCIL_OP KEEP - keep the stencil value as tis
VK_STENCILZOP ZERO ~ set stencil value to 0
VK STENCIL_OP_REPLACE  roplace stenci valus wit the reference value

VK_STENCIL_OP_INCREMENT_AND_CLAMP  — increment stenci value
VK_STENCIL_OP_DECREMENT_AND_CLAMP -~ decrement stencil value

VK_STENCIL_OP_INVERT ~ bitinvert stencil value
VK_STENCIL_OP_INCREMENT_AND_WRAP  — increment stenci value
VK_STENCIL_OP_DECREMENT_AND_WRAP  — decrement stenci value
#endif
vsosf.compareOp = VK_COMPARE_OP_NEVER:

Hifdef CHOICES
VK_COMPARE_OP_NEVER ~ never succeeds
VK_COMPARE_OP_LESS — succeedsif stencil value is < the reference value
VK_COMPARE_OP_EQUAL Succeeds if stencil value is == the reference value
VK_COMPARE_OP_LESS_OR_EQUAL succeeds f stencil value is <= the reference value
VK_COMPARE_OP_GREA succeeds f stencil value s > the reference value

/K_COMPARE_OP_NOT. succeeds f stencil valu is 1= "
VK_COMPARE_OP_GREATER_OR_EQUAL succeeds f stencil value is = the reference value
VK_COMPARE_OP_ALWAYS ~ always succeeds
#endif

vsost.compareMMa
vsosfwiteMask
vsost reference = 0

VkStenciOpState Il back

== o
o IGGRAPH 5%,
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Operations for Depth Values

VkPipelineDepthStenciStateCreatelnfo
pdssci sType = VK_STRUCTURE_TYPE_PI
Vpdssci pNext = nulptr;
vpdsscifiags = 0;
Vpdssci depthTestEnable = VK_TRUE;
Vpdssci depthWiriteEnable = VK_TRUE;

PTH_STENCIL_STATE_CREATE_INFO;

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 1= 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

Vpdsscl depthBoundsTestEnable = VK_FALSE;
Vpdssc.front = vsos
Vpdssoi.back = vsosb;

sci.minDepthBounds =0,
VpdsscimaxDepthBounds = 1.
Vpdssci stencilTestEnable = VK_FALSE;

SIGGRAPH 75,
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Putting it all Together! (finally...)

VkPipeline GraphicsPipeline;

VkGraphicsPipelineCreatelnfo

VK_STRUCTURE_TYPE_GRARHICS_PIPELINE_CREATE_INFO;
pir;

Group all of the individual state
information and create the pipeline

v
#ildef CHOICES
VK_PIPELINE_CREATE_DISABLE_OPTIMIZATION_BIT

VK_PIPELINE_CREATE_ALLOW_DERIVATIVES_BIT

VK_PIPELINE_CREATE_DERIVATIVE_BIT
Hendif

vgpci stageCount = 2; I number of stages inXyis pipeline
vgpcipStages = vpss

vgpci pVertexinputState 3
vgpci plnputAssemblyState = &vpiasci;

dsci;
vgpcilayout = IN GraphicsPipelineLayout;
vgpcirenderPass = IN RenderPass;
vgpci subpass = 0;
vgpcibasePipelineHandle
vgpci basePipelinelndex

/I subpass number
(VkPipeline) VK_NULL_HANDLE;

vkCreateGraphicsPi

L
SIGGRAPH |55, rotum result

nes( LogicalDevice, VK.
PALLOCATOR, OUT &Gra

ooy 20 20
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Vilkan.

Descriptor Sets

Mike Bailey

mjb@cs.oregonstate.edu

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

Later on, we will Bind a Specific Graphics Pipeline Data Structure to d
the Command Buffer when Drawing
VKC (C
VK_PIPELINE_BIND_POINT_GRAPHICS, icsPipeline )
SIGGRAPH s
9]

Sidebar: What is the Organization of the Pipeline Data Structure?

If you take a close look at the pipeline data structure creation information, you will see that almost all
the pieces have a fixed size. For example, the viewport only needs 6 pieces of information — ever:
VKViewport w;
wx=0;
vy =0;
vvwidh = (float)Width;
Vvheight = (float)Height;
vv.minDepth = 0.0f;
vv.maxDepth = 1.0f;
There are two exceptions to this -- the Descriptor Sets and the Push Constants. Each of these two
can be almost any size, depending on what you allocate for them. So, | think of the Pipeline Data
Structure as isting of some fixed-I it blocks and 2 variable-layout blocks, like this:

. . |
Fixed-layout Variableslayout §
| P Blocks |

SIGGRAPH

In OpenGL

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

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

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?

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;

SIGGRAPH (=5
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What are Descriptor Sets?

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

oy 20 2]

Descriptor Sets 53]
CPU: GPU:
Uniform data created in Uniform data in a “blob™
a C++ data structure
Knows the CPU data structure Knows where the data starts
Knows the shader data structure
Knows where the data starts Knows the data's size
Knows the data's size Doesn'tknow the GPU or GPU data structure oSS tknow where each piece of data starts
ToT0T0T0T0r 11000 - -
struct matBuf fosototoion 1110100 || Jayout( std140, set = 0, binding = 0 ) uniform matBuf
{ +1011001100000011101071
. " 0011101101001 10010111 .
gim::mat4 uModelMatrix; oo oo oot matd uModelMarix;
gimzzmatd uViewMatrix; 01001000711101000100101 mald uViewMatrix;
gimz:matd Chotorostob: oaossomd mat4 uProjectionMatrix;
gim:mat3 Q0111101411111 11100 mat3
¥ — 454k 9
[ Hiot011101001100011 10
100010100011 11010111101
struct lightBuf fort orootcotoorioiort | | layout( std140, set = 1, binding = 0 ) uniform lightBuf
00000001111100011000070
. 00001101100111010100011
gm:vecd uLightPos; 1010001100110 10010000 vecd uLightPos;
Soontantiviootorett ||y o
01001000100101100111000 ight;
10111000000101000010111
struct miscBuf oot otseiar | | 1ayout( std140, set = 2, binding = 0 ) uniform miscBuf
oot 01111
10400141101111010111100
float uTime; 10101000000111100100110. float uTime;
. 1910011111010010110011
int uMode; 011001 100011011000111 it uMode;
% soi10000111110001110010 | | } Misc;
0010011 1001101011101
10010100
I o layout( set = 3, binding = 0 ) uniform sampler2D uSampler;
SIGGRAPH ™ binary large object’
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VResult
Init13DescriptorSetPool()

VKResultresult

v4ps{0} type = VK_DESCRIPTON @ NIFORM_BUFFER;
i
dps{1]ype = Vi DESCRIPTOR ]

PE_UNIFORM_BUFFER;

vdpsi2] type = VK DESCRIPTOR [IYPE_UNIFORM_BUFFER:

vdps{3] type = VK DESCRIPTOR|TYPE_COMBINED IMAGE_SAMPLER:
T

#ifdef CHOICES

VK_DESCRIPTOR_TYPE_INPUT_ATJACHMENT
Hendit

VkDescrptorPooiCreateinfo Cudpeiy
vpci sType = VK_STRUCTURE RIPTOR_POOL_CREATE_INFO;
vipci pNext= nul

vipcimaxSet
vpci poolSizeCount = 4;
vpci pPooiSizes = &vdps{o);

result = vKCreateDescriptorPool(LogicalDevice, IN &vdpci, PALLOCATOR, OUT &DescriptorPool).
retum result

SIGGRAPH (=5

Descriptor Sets

Our example will assume the following shader uniform variables:

} Matrices;

} Light;

} Misc;

layout( std140, set =

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

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

vec4 uLightPos;

float uTime;
int  uMode;

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

, binding = 0 ) uniform miscBuf

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

SIGGRAPH 75,
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SIGGRAPH

Step 1: Descriptor Set Pools

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.

]|

roosaecom | [ poasies

VkDesciptorPoolCreatelnio

VKCreateDescriptorPool( )

DoscriptorSetPool

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.

Hayout( std140, set

N\ |
Misc:
layyi(set = 3, binding = 0 ) uniform sampler2D uSampler

Tayoul( st 140, set = 0, binding = 0 ) uniform matBuf

maté uModelMatrx;
matd uViewMatrix;
maté uProjectionbatrx;
mat3 uNormalMatrix
}Matrices;

binding = 0) uniform lightBuf
voct uLightPos;

) Light,

layout( st 140, set = 2, binding = 0 ) uniform miscBuf

float uTime:
it uode:

SIGGRAPH (=5

MatrixSet DS L LightSet DS L MiscSot DS L
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

756]
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VkResult
Initt3DescriptorSetLayouts( )
{

VKResult result;

VkDescriptorSetLayoutBinding MatrixSet[1];
ing

VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER;
1

MatrixSet(0] stageFlags

K_SHADER_STAGE_VERTEX_BIT;
Jnulpr;

#OS#1
ViDsscpersaoyougining_
Lightet
om0l descigorType.
et sescrplorcount
LightSet[o]sta VK_SHADER_STAGE_VERTEX_BIT | VK_SHADER_STAGE_FRAGMENT_BIT;
LSOl s sapesampirs = (KSamper M.

K_DESCRIPTOR_TYPE_UNIFORM_BUFFER;

108 #2:

ViDescrplorSetLayoutBinaing Miscset(1];
=0,

/K_DESCRIPTOR_TYPE_UNIFORM_BUFFER;

_SHADER_STAGE_VERTEX_BIT | VK_SHADER_STAGE_FRAGMENT_BIT;
MiscSel[0] plmmutableSamplers = (VkSampler *)nulpir;

DS #3:

tBind
TexSamplerSe0]binding

_TYPE_COMBINED_IMAGE_SAMPLER;

P
‘TexSamplerSet(0] descriptorCount
TexSamplerSet(] stageFlags

= VK_SHADER_STAGE_FRAGMENT_BIT. uniform sampler2D uSampl
2 Julpt; veod rgba = texturel uSampl

157,

VST,

oy 20 2]

vmmnmmsmayﬂmcreamnfn
va s

1
MatrixSet[0];

Ve bpangCount=
vdsic0.pBindings

VkDescriptorSetLayoutCreatelnfo
jésic1.sType = VK_STRUCTURE_TYP
vasict pNext = nulipt;

CRIPTOR_SET_LAYOUT_CREATE_INFO;

idsict flags = 0;
vdsict.bindingCount = 1.
isic1. pBindings = SLig!

HSet{o];

vmmnmwsEuymcreaum

vdsic2.bindingCount = 1;
vdsic2.pBindings = &MiscSet[0];

VkDescriptorSetLayoutCreatelnfo &@
vdsic3.sType = RUCTURE_TYPE-BESCRIPTOR_SET_LAYOUT_CREATE_INFO,

roctim
vdsic3.pBindings = &TexSamplerSet[o];

PALLOCATOR, OUT wes:rlmursnuyomslnl %
ALLOCATOR, OUT ts[1] )
LN Mm ALLOCATOR, OUT &D-icnplurSnlLayouls[Z] ;

/PALLOCATOR, OUT

resutt= vkcuaunmrlmursnuyom( Log\calDewce
ut Log

result vkcrumDncnplursnllayoul( Lng\c:lDemc
result=

return resul;

7/26/2020

Step 2: Define the Descriptor Set Layouts

MatrixSet DS L LightSet DS Layout Binding:  miscSet DS Layout Binding:
binding binding binding binding
descriptorType descriptorType descriptorType descriptorType
descriptorCount descriptorCount descriptorCount descriptorCount
pipeling stage(s) pipeling stage(s) pipeling stage(s) pipeling stage(s)
set=0 set=1 set=2 set=3

vdsico DS Layout CI: vdslc1 DS Layout CI: vdsic2 DS Layout CI: vdsic3 DS Layout CI

bindingCount bindingCount bindingCount bindingCount
type type type type
number of that type number of that type number of that type number of that type

pipeling'stage(s) pipeline stage(s)

pipeline stage(s) .| pipeline stage(s)

Array of Descriptor
Set Layouts

ooy 20 20

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

VkResult
Init14GraphicsPipelineLayout( )

VkResult result;

VkPipelineLayoutCreatelnfo CpIeh
vplci.sType = VK_STRUCTURE_TYPEPTPELINE_LAYOUT_CREATE_INFO;
vplci.pNext = nullptr;

i
= (VkPushC

vplci.pPushC

“nuliptr;

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

return result;

Step 4: Allocating the Memory for Descriptor Sets

DescriplorSatPool

[ ] DescriptorSetLayouts

ViDesciiptorSetAlocatelnio

Step 4: Allocating the Memory for Descriptor Sets

VkResult
Init13DescriptorSets( )

VkResult result;

VkDescriptorSetAliocatelnfo
sai.sType = VK_STRI
vdsai.pNext
vdsai.descriptorPool = DescriptorPool;
vdsai.descriptorSetCount
vdsai.pSetLayouts = DescriptorSetLayouts;

DESCRIPTOR_SET_ALLOCATE_INFO;

‘:‘m

result = i L

IN &vdsai, OUT
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Step 5: Tell the Descriptor Sets where their CPU Data is

VkDescriptorBufferinfo vdbi0;
vdbi0.buffer = MyMatrixUni buffer;
vdbi0.offset = 0;
vdbi0.range = sizeof(Matrices);

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

VkDescriptorBufferinfo
vabi buffer = MyngMUnlformBufier buffer:

This struct identifies what buffer it ‘

vdbi1.offset = 0; owns and how big it is

vdbit.range = sizeof(Light); l
VkDescriptorBufferinfo vdbi2; This struct identifies what buffer it

vdbi2.buffer = MyMiscUniformBuffer.buffer; owns and how big it is

vdbi2.offset =

vdbi2.range = sizeof(Misc);

This struct identifies what texture
sampler and image view it owns

VkDescriptorimagelnfo vdii
vdii.sampler = MyPuppyTextur
vdiiimageView = MyPuppyTexture.teximageView;
vdiiimageLayout = VK_IMAGE_LAYOUT_SHADER_READ_ONLY_OPTIMAL;

ooy 20 200

163

Step 5: Tell the Descriptor Sets where their data is T65]
This struct links a Descriptor Set to
the buffer itis pointing to
veteDesciplorset vwds2;
i sTypo = VICSTRUCTLRE TYPE WRITE DESCRITOR SET:
vwds2 dstBinding = 0
vwds2 dstArrayElement = 0;
vwds2 descriptorCount = 1;
vwds2 descriporType = VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER:
vwds2 pBufferinfo = IN &vdbi2;
vwds2 plmagelnfo = (VkDescriptorimagelnfo *)nullptr;
s *)nullptr;
This struct links a Descriptor Set to
11ds3: the image it is pointing to
VKWriteDescriptorSet wds3;
e sTipn =V STRUGTURE TYPE WRITE DESCRIPTOR SET:
o3 GBindng =
nmayEement =
s descrpocoun
wis3 descriptorType = VK_DESCRIPTOR_TYPE_GOMBINED_IMAGE_SAMPLER;
vwds3.pBufferinfo = (VkDescriptorBuffeinfo *)nulptr;
vwds3 plmagelnfo = IN &veli0;
wwds3 pTexelBufferView = (VkBufferView *)nullptr;
uint32_t copyCount = 0;
11his could have been done with one call and an array of VWrieDescrptorSets:
VKUpdateDescriptorSets( LogicalDevice, 1, IN &vwds0, IN copyCort, (VkCopyDescriptorSet *Jaullpt )
vkUpdateDescriptorSets( LogicalDevice, 1, IN &vwds1, IN copyCount, (VkCopyDescriptorSet *)nullptr );
vkUpdateDescriptorSets( LogicalDevice, 1, IN &vwds2, IN copyCount, (VkCopyDescriptorSet *)nullptr );
™ VkUpdateDescriptorSots| LogicalDevice, 1, IN &vwas3, IN copyCount, (VkCopyDescriptorSet *nulptr )
SIGGRAFH 75, e
Step 7: Bind Descriptor Sets into the Command Buffer when Drawing 167
SpaineBnapant [ ] J
/ /
—
vkCmdBindD:
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.
SIGGRAPH (=5 o2 20

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

[ This struct links a Descriptor Set to the.
buffer it is pointing to

VkWriteDescriptorSet vwds0;
11 ds 0:

wwds0.sType = VK_STRUCTURE_TYPE_WRITE_DESCRIPTOR_SET;
vwds0.pNext = nullptr;

vwds0.dstSet = DescriptorSets[0];

vwds0.dstBinding =
wwds0.dstAmrayElement = 0;
vwds0.descriptorCount = 1;
vwds0.descriptorType = VK.
vwds0.pBufferlnfo
vwds0.plmagelnfo = (VkDescriptorimagelnfo *)nullptr;
vwds0.pTexelBufferView = (VkBufferView *)nullptr;

DESCRIPTOR_TYPE_UNIFORM_BUFFER;

VkWriteDescriptorSet the buffer it is pointing to

Nds1: This struct links a Descriptor Set to

wwds1.sType = VK_STRUCTURE_TYPE WRITE_DESCRIPTOR_SET:
vwds1.pNext = nullptr;

vwds1.dstSet = DescriptorSets[1];

vwds1.dstBinding = 0;

vwds1.descriptorTyp
vwds1.pBufferlnfo = IN &v

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

K_DESCRIPTOR_TYPE_UNIFORM_BUFFER;

ooy 24 200]

Step 6: Include the Descriptor Set Layout when Creating a Graphics Pipeline 766]
VkGmDhlcsPlpehneCreateln(o
vgpei.sType = VK PHICS_PIPELINE_CREATE_INFO;
VK_PIPELINE_CREATE_DISABLE_OPTIMIZATION_BIT
VK_PIPELINE_CREATE_ALLOW_DERIVATIVES_BIT
VK_PIPELINE_CREATE_DERIVATIVE_BIT
#endif
vgpei.stageCount = 2; / number of stags in this pipeline
vgpei.pStages = vpssci;
vgpei.pVertexinputState = &vpvisci;
vgpc. plnputAssemblyState = &vpiasci;
= (VKPipeline’ fo *)nulptr;
vgpm pViewportState = &vpvsci;
vgpci.pRasterizationState = &vprscu
vgpei.subpass Il subpass number
vgpei. baseP\pehneHand\e 1VkP\peIme)VK NULL_HANDLE;
vgpei.basePipelinelndex
result = vkCreateGraphicsPipelines( LogicalDevice, VK_NULL_HANDLE, 1, IN &vgpci, PALLOCATOR, OUT &Graphi
1
SIGGRAFH 7, e
Sidebar: The Entire Collection of Descriptor Set Paths 768]

VkDescriptorPoolCreatelnfo

VkCreateDescriptorPool( ) Create the pool of Descriptor

Sets for future use

VkDescriptorSetLayoutBinding
VkDescriptorSetLayoutCreatelnfo
vkCreateDescriptorSetLayout( )
vkCreatePipelineLayout( )

Describe a particular Descriptor
Set layout and use it in a specific
Pipeline layout

VkDescriptorSetAllocatelnfo
vkAllocateDescriptorSets( )

Allocate memory for particular
Descriptor Sets

VkDescriptorBufferinfo Tell a particular
X Descriptor Set where
VkDescriptorimagelnfo its CPU data is Re-write CPU data into a
VkWriteDescriptorSet particular Descriptor Set

vkUpdateDescriptorSets( )

Make a particular Descriptor Set
‘current” for rendering

vkCmdBindDescriptorSets( ) }’
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Sidebar: Why Do Descriptor Sets Need to Provide Layout Information 169 Sidebar: Why Do Descriptor Sets Need to Provide Layout Information 0]
to the Pipeline Data Structure? to the Pipeline Data Structure?
The pieces of the Pipeline Data Structure are fixed in size — with the exception of the Any set of data that matches the Descriptor Set Layout can be plugged in there
Descriptor Sets and the Push Constants. Each of these two can be any size, depending on Y P ¥ plugged )
what you allocate for them. So, the Pipeline Data Structure needs to know how these two
are configured before it can set its own total layout.
Think of the DS layout as being a particular-sized hole in the Pipeline Data Structure. Any
data you have that matches this hole’s shape and size can be plugged in there.
The Pipeline Data Structure
I
Fixed PLeIIne Elemel
SIGGRAPH 75, SIGGRAPH f
P | e |
171 Triangles in an Array of Structures 7]
2 3
struct vertex
{ .
Wiilkan, r pe
g I
gl a
Cgimiivecz _toxCoord>
Textures % .
struct vertox VertoxDatal ] = \
« [ A1
Itriangle 02:3:
Mike Bailey
mjb@cs.oregonstate.edu
| http://cs.oregonstate.edu/~mijb/vulkan
[
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Memory Types

CPU Memory GPU Memory
Host Device
Visible Local
GPU Memory GPU Memory

—

memepy( ) vkCmdCopylmage( )
Texture
Sampling Hardware

J

RGBA to the Shader

SIGGRAPH (=5

NVIDIA Discrete Graphics:

11 Memory Types:

Memory 0:

Memory 1

Memory 2

Memory 3:

Memory 4:

Memory 5:

Memory 6:

Memory 7: DeviceLocal

Memory 8: DeviceLocal

Memory 9: HostVisible HostCoherent
Memory 10: HostVisible HostCoherent HostCached

Intel Integrated Graphics:

3 Memory Types:

Memory 0: DeviceLocal

Memory 1: DevicelLocal HostVisible HostCoherent

Memory 2: DeviceLocal HostVisible HostCoherent HostCached

SIGGRAPH |
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Texture Sampling Parameters

glTexParameteri( GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_R
glTexParameteri( GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT );
glTexParameteri( GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR );
glTexParameteri( GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR );

VkSamplerCreatelnfo

vsci.magFiltel
vsci.minFilter = VK_FILTER_LINEAR
vsci.mipmapMode

vsci.addressModeV %
vsci.addressModeW = VK_SAMPLEI

ADDRESS_MODE_REPEAT;

Vulkan

VK_SAMPLER_MIPMAP_MODE_LINEAR;
vsci.addressModeU = VK_SAMPLER_ADDRESS_MODE_REPEAT;

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

78]

oy 20 2]
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Textures’ Undersampling Artifacts

As an object gets farther away and covers a smaller and smaller part of the screen, the texels
: pixels ratio used in the coverage becomes larger and larger. This means that there are
pieces of the texture leftover in between the pixels that are being drawn into, so that some of
the texture image is not being taken into account in the final image. This means that the
texture is being undersampled and could end up producing artifacts in the rendered image.

Texels

ESEETY

Pixels.

Consider a texture that consists of one red texel and all the rest white. It is easy to imagine an
object rendered with that texture as ending up all white, with the red texel having never been
included in the final image. The solution is to create lower-resolutions of the same texture so
that the red texel gets included somehow in all resolution-level textures.

ooy 20 20

Texture Mip*-mapping 177 — 78]
NRBTTexureSamplr MyToxrs - pyToxtre )
Average 4 pixels to KRt e
make a new one et  create o
Average 4 pixs e ooe e,
RGBA, RGBA |RGBA, RGBA, RGBA, g0 4 pixcls 0 foremnen) 55 ooE- REPEAT,
_ RGBARGBA, RGBA, RGBA, [ -
. RGBA, RGBA, RGBA, RGBA, 2l
. RGBA, RGBA, RGBA, RGBA, v 4 i o cr
. RGBARGBA, RGBA, RGBA, ke e o To.e00e
RGBA, RGBA, RGBA, RGBA,
. RGBA, RGBA, RGBA, RGBA,
. RGBA, RGBA, RGBA, RGBA,
= .
« Total texture storage is ~ 2x what it was without mip-mapping
» Graphics hardware determines which level to use based on the texels : pixels ratio. “scimiLd =0
Tt -\ BOROER COLOR_FJOAT 0PAGUE BLACK.
« In addition to just picking one mip-map level, the rendering system can sample from 5;7gg:gg;ggfg;{;f*,;{:;:::;jfg{ﬂ}: s
two of them, one less that the T:P ratio and one more, and then blend the two RGBAs K BORDER CoLOR T OPAGUE BAGK <
returned. This is known as VK_SAMPLER_MIPMAP_MODE_LINEAR. Jue ”’“" oA T OraOE AT
< pses| v e e
* Latin: multim in parvo, “many things in a small place” JIVICPALSE rfeans we are using e sl 0. 1
SIGGRAPH 2, o SIGERAPH [, | i o
A | ] T80]
i r -
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ot = WElocmagtamary(LogcaOece, N sagngimage N i, 0 0=t
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sisefoHOCES e = v Ao orer
VK THAGE TLING OPTIMAL Q
VICIBAGE TILING LINEAR
s
icusago = VK INAGE USAGE_ TRANSFER SRC.BIT [rv—
ssefcrorces Cetmagebr oLy g, sagogimge, W e, OUT
WCAGE Uskoe TravSrR s o
VICIHAGE USAGE ST e i vace)
UK IAGE USAGE SAMPLED B1T U
VK IBAGE USAGE STORAGE BIT e b e - e v
VICIHAGE USAGE COLOR ATTACHMEN omiEoDs,
VICIBAGE USAGE DEPTH STENCIL ATTACHMENT BiT o Fpben. ron
VK IBAGE USAGE TRANSIENT ATTACHMENT 61 oo Bt
VK IBAGE USAGE INPUT ATTACHIENT BIT RS Yo
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. l
1 i shaingoda = VK_SHARING. MODE. EXCLUSIVE: 1
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11t socond ) is o create th scual et image:

Vemagecroaio
sType

void* gpulemn
“Kiaptomory( LogicalDevce, vim, 0, VK WHOLE SIZE., OUT sltameny
170 and 0= offset and memary m fag

i (el rowPich

p——
emepyigoubemo. (10 “Yoxtr, (520 exuroSie):
o
s char gpuBytes = unsigned char“gpuemor;
orunsgned nty =0,y < tesietgh -]
memepy(SgpuB ety v rowPlc), ey exWid) (828 4 XN e ot o
» {550t = WCretakmage(Logaevce, N 8k PALLOCATOR, OUT esrlige)  locis, bt ot e

VitvemonRequierments
A GotimageMemaryRecuirmonts(LogEaDesce, N esreinage, OUT &y
)

kUnmapMtemory( LogicalDevice, vim):

i vorboso )

¢

e FoDebu, Texture v sizo = iy
e oD Tore vl

meszo )
w s )

pent o\ memoryTypeBis i memocyTypesis
franitecen it
)
ey
T VK STRUC e MEMORY_ALLOCATE_INFO,

il
"maliochorie = vov e

vomeney o
e —

PALLOCATOR, OUT suim):

[EPETTE—————
= SIGGRAPH [
L e | e |
| T84
T1cop Bl fom o stagng e 0 e e

i ransiton the textre bufferayout
WCommangsutosagniic
561 5Type

E

QMMAND_BUFFER_BEGIN_INFO;

EChnino,_urren UsASH

x QUE_TIME_SUBMIT BIT:
vebbiplnhertancei dofo Ful

Command@fferinnenta

fosult = BoginCommandBuer( ToxureCommandsate,IN &vcbbi)

v layerCount = 1

Vimaglisnonparir
SType = VK.

VKimageSutresourcoRange

ViarlayerCount

vnegtemonzamer

ryBarir i
lemoryBartr Julpis.
1IN &vimb;

11w o the final mage raser

e iR
!
-, -
R
€2 SIGGRAPH 2, €2 SIGGRAPH 2, o
-
T e —

Sroffer = vo:

B vimb pNext = nulptr
Vi dsiSubresourca = it
Ve dsOffeet - vo3 i ldLayout

o TRAISFER osT oPrivAL
\YOUT_SHADER READ_ONLY_OPTIMAL:
vimb srcQueusFamiyighox = JK_ QUEUE_ FAMILY IGNORED:
/K QUEVE_FAVILY IGNORED,

Vi exent = ve3

VeGmdCopyinagaTextusCommandsuttr
image, VK IMAGE LAYOUT TRANSFER SRC_ OPTIMAL
o K MAGE LANOUT TRANSFER D51 P TNAL, 1. W el

k - Vi ACCESS_SHADER_READ_BIT
wrohRange = ir

(TexturaCommandy
STAGE TRANSFE BT, \K_PIPELINE_STAGE FRAGMENT SHADER_BIT, 0,
rarer “Juloi

[ iemonamer i,

0. e
1IN avim),

KEndCommandBufe( ToxureCommandBate

Vesubmitota
v STy

JQueueSubmit Qusus, 1. IN 8vs, VK_NULL_ HANDLE )
Quavewaitdlo Gooue )

€2 SIGGRAPH 5%
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187 Reading in a Texture from a BMP File 788]
1/ create an image view for the texture image: zypede' struct MyTexture
J/ (an *image view” is used to indirectly access an image) a2, t width:
VkimageSubresourceRange uint32_t height;
vist.aspectMask = VK_IMAGE. _COLOR_BIT Vkimage teximage;
visrbaseMipLevel = 0; Access to Image The Actual VKkImageView teximageView;
vistlevelCount = 1 y VkSampler texSampler;
visr.baseArrayLayer = 0; an Image View Image Data VkDeviceMemory  vdm;
vistlayerCount = 1; } MyTexture;
VkimageViewCreatelnfo
-_IMAGE_VIEW_CREATE_INFO;
MyTexture  MyPuppyTexture;
A 8 bits Red 8 bits Green 8 bits Blue | 8 bits Alpha
result = Init06 TextureBufferAndFillFromBmpFile ( “puppy.bmp”, &MyTexturePuppy);
vivei.components.g = VK_( X Init06 &MyPuppyTexture. %
viveicomponents.b = VK_CQMPONENT §WIZZLE_B;
vivei.components.a = VK_COMPONENT_SWIZZLE_A:
vivei subresourceRange = visr;
_ This function can be found in the sample.cpp file. The BMP file needs to be created by something
result = vkCreatelmageView LogicalDevice, IN &vivel, PALLOCATOR, OUT &pMyTexture->teximage\View) that writes uncompressed 24-bit color BMP files, or was converted to the uncompressed BMP format
) retum result; by a tool such as ImageMagick’s convert, Adobe Photoshop, or GNU's GIMP.
Note that, at this point, the Staging Buffer is no longer needed, and can be destroyed.
I
P | SIGGRAPH 75, o sy 2t o]
789] e |
89 Simplified Block Diagram 190
Wiilkan, —
Queues and Command Buffers
Mike Bailey
mjb@cs.oregonstate.edu
Command Buffer
Command Buffer
.
| http://cs.oregonstate.edu/~mijb/vulkan
[ [
SIGGRAFH 75, e SIGGRAFH 75, -
762)

Vulkan Queues and Command Buffers

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

We don't create Queues — the Logical Device has them already

Each Queue belongs to a Queue Family

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

CPU Thread I \: I:' \: I:' Cmd buffer | m—p- queue
[cputhread T[] Cmd buffer| — queue |

[cPuthread | |

SIGERAPY PIJThread ][

Cmd buffer] = | queue |

Crmdbuffer] —

I
. SIGERAPH %,

191 Querying what Queue Families are Available

uint32_t count;
i eviceQ ilyProp

VkQueueFamilyProperties *vafp = new VkQueueFamilyProperties| count J;
tPhysi i ily ies( PhysicalDevice, &count, OUT &vafp, );

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

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

if( ( vafplil.queueFlags & VK_QUEUE_GRAPHICS BIT)!=0) fprintf( FpDebug, " Graphics" );
if( ( vafp[il.queueFlags & VK_QUEUE_COMPUTE BIT )!=0) fprintf( FpDebug, " Compute " );
if( ( vafpfil.queueFlags & VK_QUEUE_TRANSFER_BIT)!=0) fprintf( FpDebug, " Transfer" );
fprintf(FpDebug, "\n");

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

Found 3 Queue Families:
0: Queue Family Count= 16 ; Graphics Compute Transfer
1: Queue Family Count= 1 ; Transfer
2: Queue Family Count= 8 ; Compute
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VkQueueFamilyPropertiest new VkQueueFamilyProperties[ count |;
vkGetPhysicalDeviceQueusFamilyProperties( IN PhysicalDevice, IN &count, OUT vafp );
for( unsigned int =0 i < count; i++)

if( ( vafpl i ].queueFlags & VK_QUEUE_GRAPHICS BIT)1=0)
return i;

}
return -1;

oy 20 2]

Creating the Command Pool as part of the Logical Device 795]
VkResult
Initd6CommandPool( )
{
VkResult result;
VkCommandPoolCreatelnfo
vepei.sType = VK_STRUCTURE_TYPECOMMAND_POOL_CREATE_INFO;
vepei.pNext = nullptr;
vepeifiags=  VK_COMMAND_POOL_GREATE_RESET_COMMAND_BUFFER_BIT
| VK_COMMAND_POOL_CRBATE_TRANSIENT_BIT;
#ifdef CHOICES
VK_COMMAND_POOL_CREATE_TRANSIENT_BIT
VK_COMMAND_POOL_CREATE_RESET_COMMAND\BUFFER_BIT
#endif
vepci i = FindQ ilyThatD )
result = vkCreateCommandPool( LogicalDevice, IN s\cpcl, PALLOCATOR, OUT &CommandPool );
return result;
[
SIGGRAFH 75, .
Beginning a Command Buffer — One per Image 197
VkSemaphoreCreatelnfo
vscisType = VK_STRUCTURE_TYPE GEMAPHORE_CREATE_INFO;
vsci pNext = nullptr;
vsciflags = 0;
VkSemaphore imageReadySemaphore;
result = vkCreateSemaphore( LogicalDevice, IN &vsci, PALLOCATOR, OUT&imageReadySemaphori
uint32_t nextimagelndex;
( LogicalDevice, IN SwapChainAN UINT64_MAX,
IN imageReadySemaphore, IN VK_NULL_HANDLE, OUT nextimagelndexs
VkCommandBufferBegininfo
bisType = VK_STRUCTUR
vebbi.pNext = nuliptr;
vebbi.flags = VK_COMMAND_BUFFER_USAGE_O _SUBMIT_BIT;
= (VKC aulptr;
result= i C IN &vebbi );
C )
[
SIGGRAPH (=5 iy 21 20m)

Similarly, we Can Write a Function that Finds the Proper Queue Family 193 Creating a Logical Device Needs to Know Queue Family Information 194
11 one entry per queueCount
int
FindQueueFamilyThatDoesGraphics( ) URE_TYPE_QUEUE_CREATE_INFO;
{ . Arpiiiion,
uint32_t count = -1;
i DeviceQuet ilyProperties( IN PhysicalDevice, OUT &count, OUT (VkQueueFamilyProperties *)nullptr ); prar %

TYPE_DEVICE_CREATE_INFO;

vdci.queueCreatelnfoCo : 111# of device queues wanted

vdci.pQueueCreatelnfos = IN&vdqcil0]: I array of VkDeviceQueueCreatelnfo's

vdci.enabledLayerCount = sizéqf{myDeviceLayers) / sizeof(char *);

vdci ppEnabledLayerNames = mQeviceLayers;
i t=

 sizeof(char *)

o -
vdci.pEnabledFeatures = IN &PhysicalD3geFeatures; // already created

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

VkQueue Queue;

uint32_t q = FindQy y ¥
uint32_t queuelndex = 0;

result = i ( LogicalDevice, q . queelndex, OUT &Queue );

ooy 20 20

Creating the Command Buffers

796]

VkResult
Init06CommandBuffers( )

VkResult result

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

VkCommandBufferAllocatelnfo

vebal.sType = VK_STRUCTURE_TYP FAND_BUFFER_ALLOCATE_INFO;

CommandPool;
K_COMMAND_BUFFER_LEVEL_PRIMARY:
172, because ¥ double-buffering

result = LogicalDevice, IN &vcbai, OUT &C )

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

VkCommandBufferAllocatelnfo Cvebai, >

vebaisType = VK_STRUCTURE_TYPE-COMMAND_BUFFER_ALLOCATE_INFO;
vebai pNext = nulptr;

vebai.commandPool = CommandPool;
vebailevel = VK_COMMAND_BUFFER_LEVEL_PRIMARY:
vebai.commandBufferCount = 1;

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

retumn resul;

Beginning a Command Buffer

VkCommandBufferPaolCreatelnfo

VKGreateCommandBufferPool()

VkCommandBulferAllocatelnio

/

ViCommandBufferBegininio VkAllocateCommandButfer()

3|
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These are the Commands that could be entered into the Command Buffer, | 199 These are the Commands that could be entered into the Command Buffer, Il 200

vkCmdBeginQuery( commandBuffer, flags

KGBeioRenieass{ commandBue, orconnts ) VKCmdFilBuffer( commandBuffer, dstBuffer, dstOffset, size, data );

vkCmdNextSubpass( commandBuffer, contents );

kademd\ndexEuWev( commandBuffer, mdexType7 vkCi 4 per 0. Y

VkCmdBindPipeine( commandButer, pcline ) %
firstBinding, bindingCount, const pOffsets ):

G o %

vKCmdPushConstants( commandBufier, layout, stageFlags, offset, size, pValues ):

WG layout set, 1, )
v const pRects ); pipe . layout, :
vkCmdClearColorimage( commandBuffer, pRanges ): W:[(f b , layout, set, pData );
vkCmdClearDepthStencilmage( commandBufer, pRanges ) YR eservsSpaceFo/ConmandsiVX| commandeu :
TmdComyBer el sommartBedor phsgions VkCmdResotQueryPool( commandBuffr, queryPool, frsiQuery. queryCount )

KCmdGopylmage( commandBuffer, pRegions ). VkCmdResoiveimage( commandBufier, sromage, aremageLayout, dalimage. dstimagelayout, regionCourt, pRegions )
VKCmdGopylmageToBufien commandBufior egons ¥kCmdSotBlendConsians( command8ufr bendConstants( )

vkCmdCopyQueryPoolResults( commandBffer, flag iFaclr SepBescian, dephBiasSiopeFacer

kadeImmage( commandBufter,fiter );

3 DepthB
VkGmdbebgNlakerBegnEXT commandufer, prarkorino )

KCmdDebugMarkerEndEXT( commandBufler vkCmdSetDeviceMaskKHX( commandBufer, devicolask ) )
vkCmdDebugMarkerinsertEXT( commandEuﬂer parkerinio ); 3

vkCmdSetEvent( commandBuffer, event, stageMask )
vkCmdSetLineWidth(commandBuffer IneWith )
frstScissor, Count, pScissors );
3 faceMask,
vkCmdSetStencilReference( commandBuffer, faceMask, reference );
VCImSetSlenciWrieMask( commandBufer, acetfask, wrieMask )
firstViewport, riCount, pViewports );
KCi firstViewport, %
vKCmdUpdateBuffer( commandBufer, dsiBuffer, dstOffset, dataSize, pData )
vkCmdWaitEvents( commandBuffer, eventCount, pEvents,
)
", const pCx X KCH queryPool, query );

L} L}
SIGGRAPH 2%, ] SIGGRAPH 7, o]

groupCountZ );

vkCmdDispatchindirect( commandBuffer, n«sen

vKCmdDraw( commandBuffer, veriexCount, instanceCount, firstVertex, frstinstance )

vkCmdDrawindexed( commandBuffer, indexCount, instanceCount, firstindex, int32_t vertexOffset, firstinstance );

vkCmdDrawlndexecinirec( commandBufe,siide )
D

stride );

kamdDranndnmcl( Commandbufter, s
vKCmdDrawindirectCountAMDY( commandBuffe, stride ):
vkCmdEndQuery( commandBufer, query );
vkCmdEndRenderPass( commandBuffer )

C teC d

ViClearColorValue

veevfloat32(0] = 0.0;
VkResult veov float32(1] = 0.0;
RenderScene( ) veev.floatd2[2] = 0.0;
{ veevfloat32(3] = 1.0;

VkResult result;
VkSemaphoreCreatelnfo
vscisType = VK_STRUCTURE_TYP

ViClearDepthStencilValue

EMAPHORE_CREATE_INFO;

vsci pNext = nulptr; vedsv.stenci

vsciflags = 0; vicleantae
vov[0} ol

VkSemaphore imageReadySemaphore; Vol doprstonc =

result = vkCreateSemaphore( LogicalDevice, IN &vsci, PALLOCATOR, OUT &imageReadySemaphore );
VkOﬁse\ZD oZd ={0,
uint32_t nextimagelndex;

vkAcquireNextimageKHR( LogicalDevice, IN SwapChain, I MAX, IN VK_NULL_HANDLE,
I

N 1
IN VK_NULL_HANDLE, O &nexﬂmage\ndex

VkCommandBuﬁerEegm\nh
RU

vebbi. ICTURE
vebbi.p! nuupt
vebbi.flags = VK_COMMAND_BUFFER_USAGE_ONE; Vipbi.clearvalusCount 3 2
bi kC rpbi pClearValues = vov; Il used for VK_ATTACHIMENT_LOAD_OP_CLEAR
result = i c IN &vcbbi ); c IN &rpbi, IN VK_SUBPASS_CONTENTS_INLINE )

L} L}
SIGGRAPH [, " SIGGRAPH [, o

203] Submitting a Command Buffer to a Queue for Execution 204

ViViewpdGviewporiS
(

o

o,

(loatwidtn,
(loatHeigh,
0. 1 minDepth
1 1 maxDepth

VkSubmitinfo

0.1, 1N &wport ). 3

@cissor vsi.pCommandBuffers = &CommandBuffer;

o vsi waitSemaphoreCount = 1;
0 Vi
viidn vsisignalSemaphoreCount = 0;
Height vsi.pSignalSemaphores = (VkSemaphore *)nullptr;
Vsl pWaitDs ( g5 *)nulptr;

VKCmdSetScissor( CommandBufers{nextimageindex], 0, 1, IN 8scissor )

C_PIPELINE_BIND_POINT_GRAPHICS,
GrapnsPpeine . 0.4, DescrparSels 0. Gnlz ot

offsetcount, dynamic offsets
Py VK. SHADER STAGE ALL ofset, s, void “vales

VkBufer buffers{1] =  MyVertexDataBuffer bufer );

VKDevicaSize ffsels{1] = {0);

0,1, bufers, offels ; 10,1= frsiBinding, bindingCount

const int32_ vertexCount
const int32_ instanceCount
const int32. frtVerte:

const uint32_ firstinstanc

izeol(VertexData)! sizeof VertexData[0);
1

texCout, it 1 firstVertex,frstinstance );

VCmdEndRenderPass( CommandBuffersinextimagelnder )

SIGGRAPH [ - SIGGRAPH 75,
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The Entire Submission / Wait / Display Process 205]
e FENCE_CREATE INFO;
Viconce rondrFonce:
WCrsatobencel LogeaDevics, N 1, PALLOGATOR, O
Tesul - VK_SUCCESS:
VKPiolneStageFlags wtAlBotom = VK_PIPELINE_STAGE_BOT[OM_OF_PIPE_BIT
Vicueus prsentGueue
)o.0uT n
/0. auenelndox
isupmitnto
visTypo = VK STRU
Ve = nulpr
VaianSemaphare
Ve pwaiSemaphores
V5 pHatDSiagenac
Vo commandButtr
VaLpGommandButiers r——
Ve dgnalSamaphore
Vi pSmasamapneres §SamaphoreRONerFrisher
tesult = QuausSubmipreseniQueue, 1, IN i, IN ronderenco ;1= submitCount
- s K TRUE UINTS4 MAX )/ waltl, tmeout
VKDestroyFence(LogcalDevie, enderFence, PALLOCATOR )
VpipResuts = (Resut Il
restit = vkQueusPresentKHR presentCueve, N Sup1)
SIGGRAPH ™ mio_uy 24, 2020]
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The Swap Chain
Mike Bailey
mjb@cs.oregonstate.edu
| http://cs.oregonstate.edu/~mijb/vulkan
SIGGRAPH 2, -
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How Vulkan Thinks of Framebuffers — the Swap Chain

Update

Present

Front
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What Happens After a Queue has Been Submitted?

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.

-] L}
& SIGERAPH %,

s |

208)
How OpenGL Thinks of Framebuffers
SIGGRAPH %% _—
210]

What is a Swap Chain?
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.
o ,/r_—j\

Swap Chains are arranged as a ring buffer ————— .1

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”)

AONS

SIGGRAPH |
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We Need to Find Out What our Display Capabilities Are

VKSurfaceCapabiliieskHR CuscD
vkGe(PhysmalDevlceSuﬂaoeCapabl\\t\ESKHmvsc )
VKExtent2D surfaceRes = vs.currentExter

fprintf( FpDebug, "\nvkGetP! RAn");

VKBool32 supported;
result = vkGetPhysicalDeviceSurfaceSupportkHR( PhysicalDevice, FindQ hatD ), Surface,

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

We Need to Find Out What our Display Capabilities Are

VulkanDebug.txt output:

212)

etP R:
minimageCount = 2 ; maximageCount = 8
currentExtent = 1024 x 1024
minimageExtent = 1024 x 1024
maximageExtent = 1024 x 1024
maximageArayLayers = 1
supportedTransforms = 0x0001
currentTransform = 0x0001

supportedCompositeAlpha = 0x0001
supportedUsageFlags = 0x009f

uLVéBZJ formatCount; ** This Surface is supported by the Graphics Queue **

KHR( Fh D Surface, &formatCount (VkSur'aceFormalKHR‘) nullptr );
matCou
vkGe(Phys\calDevlceSurfaceFormatsKHR( Pnysmamewce Surface, &lormalCoum surfaceFormats );

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

Found 2 Surface Formats:
0 44 0 (VK_FORMAT_BBGBR8A8_UNORM, VK_COLOR_SPACE_SRGB_NONLINEAR_KHR )
150 0 (VK_FORMAT_BBG8RBAS_SRGB, VK_COLOR_SPACE_SRGB_NONLINEAR KHR )

uint32_t presentModeCount;

\Physlca\Devme Surface, &presentModeCount, (VkPresentModeKHR *) nullptr ); Fg”"“ Present Modes:

(VK_PRESENT_MODE_FIFO_KHR )
3 (VK_PRESENT_MODE_FIFO_RELAXED_KHR )
(VK_PRESENT_MODE_MAILBOX_KHR )

R* =new

t];
PhysicalDevice, Surface, SpresentModeCount, prosentModes ; > 1
fprintf( FpDebug, "\nFound %d Present Modes:\n’, presentModeCount );

- -

TSP |

ooy 24 200]

Creating a Swap Chain 213 Creating a Swap Chain 214

ysicalSurfaceCapabilties( )

VkSurfaceCapabilitieskHR

PhysicalDevice, Surface, OUT &vsc );

VKExtent2D surfaceRes = vsc.currentExtent;
VkSurfaceCapabilties.

VkSwapchainCreatelnfokHR
cei.sType = VK_STRUCTURE,

YPE_SWAPCHAIN_CREATE_INFO_KHR;

facs minimageCount vscei.pNext = nuliptr;
imageFormat maximageCount
cumentExtent vscei.flags = 0;

minimageExtent
maximageExtent

maximageArayLayers

supportedTransforms.

vscai surface = Surface;
imageArayLayers 3 Il double buffenng

imageSharingMode B8G8R8A8_UNORI

reTransform curtentTransform
compositeAlpha supportedCompositeAlpha
presenthiode

clipped

VkSwapchainCreateinio

ViCreateSwapehain()

VkGetSwapChainimages| )

vscci.oldSwapchain = VK_NULL_HANDLE;
vscciclipped = VK_TRUE;

VkCreatelmageView()

result = vkCreateSwapchainKHR( LogicalDevice, IN &vscci, PALLOCATOR, OUT &SwapChain );

Creating the Swap Chain Images and Image Views 215) Rendering into the Swap Chain, | 716]

uint32_t imageCount;
result

I/# of display buffers — 22 37
kGetSwapchainimagesKHR( LogicalDevice, IN SwapChain, OUT &imageCount, (Vkimage *)nullptr )

VkSemaphoreCreatelnfo
vsci.sType = VK_STRUCTURE

Presentimages = new Vkimage[ imageCount J; Vi :NEX[ nullptr;

result = vkGetSwapchainimagesKHR( LogicalDevice, SwapChain, OUT &imageCount, Presentimages ); vsciflags = 0;

YRE_SEMAPHORE_CREATE_INFO;

VkSemaphore imageReadySemaphore;

o ot
/lpresent views for the double-buffering result = vkCreateSemaphore( LogicalDevice, IN &vsci, PALLOCATOR, OUT &imageReadySemaphore );

Tnew k Uint32_t nextimagelndex;
64| tmoout - UNTS4 MA;

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

IN VK_I NULL HANDLE, ouT &nextimagelndex );

VkimageViewCreatelnfo
” TYPE_IMAGE_VIEW_CREATE_INFO;

result = i [

1. IN &vebbi );

(C IN &vrpbi,
IN VK_SUBPASS_CONTENTS_INLINE )

vivei subresourceRange.aspecthask = K IMAGE ASPECT COLOR_BIT; VkCi Ipe C VK_PIPELINE_BIND_POINT_GRAPHICS, GraphicsPipeline );

vivei subresourceRange layerCount =
vivei.image = Presentimages[ i ];

sult = vkCreatelmageView( LogicalDevice, IN &vivci, PALLOCATOR, OUT &PresentimageViews] ] )

res . ) . :
SIGGRAPH | ooy 2. o)
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Rendering into the Swap Chain, Il 217 Rendering into the Swap Chain, Il 218]

VkFenceCreatelnfo Cifei)
vici.sType = VK_STRUCTIURE_TYPE_FENCE_CREATE_INFO;
vici.pNext = nullptr;
viciflags = 0; result = vkWaitForFences( LogicalDevice, 1, IN &enderFence, VK_TRUE, UINT64_MAX );

VkFence renderFence; VkPresentinfoKHR
vkCreateFence( LogicalDevice, &Vfci, PALLOCATOR, OUT &renderFence ); vpi.sType = VK_STRUCTURE_{YPE_PRESENT_INFO_KHR;

vpi.pNext = nullptr;
\/KOueue?resentﬂuet(e;,gmamewce nda . ics(,0, vpi.waitSemaphoreCount = 0;
OUT &presentQueue ); i o vpi.pWaitSemaphores = (VkSemaphore *)nullptr;

vpi.swapchainCount = 1;
vpi.pSwapchains = &SwapChain;
! OuoN

VkSubmitinfo
vsisType = VK_ST}
vsi.pNext = nullptr;
vsi.waitSemaphoreCount =\(;
vsi.pWai =

pi
vpi.pResults = (VkResult *) nullptr;
URE_TYPE_SUBMIT_INFO;

result = vkQueuePresentKHR( presentQueue, IN &vpi );

vsi pWailDstStageMask = &waiAtBotiom;
vsi.commandBufferCount = 1;
i pC: = &C I
vsi.signalSemaphoreCount = 0;
result = i tQueue, 1, IN &vsi, IN ) 11 =submitCount

L} L} .
SIGGRAPH 2, ] SIGGRAPH 7, |

219 Push Constants 220

Wilkan.

In an effort to expand flexibility and retain efficiency, Vulkan provides something called
Push Constants 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.

Mike Bailey By “small’, Vulkan specifies that these must be at least 128 bytes in size, although they
mjb@cs.oregonstate.edu 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.

| http://cs.oregonstate.edu/~mijb/vulkan

Descrptor Set. = Creating a Pipeline 221 Push Constants 222]
which stage (VERTEX_etc) binding On the shader side, if, for example, you are sending a 4x4 matrix, the use of push

Siide
inputRate

constants in the shader looks like this:

Tocaton
g

VkShaderiodule

layout( push_constant ) uniform matrix
{

ViVororinpulAtibutaDescrpton

mat4 modelMatrix;

} Matrix;
[r— ol On the application side, push constants are pushed at the shaders by
— mardopin binding them to the Vulkan Command Buffer:

chtode

VkPipeineRasterzalionSiateCreateinio

ety
T g e [ T e
[

[ PN
etFpeiaiae:

| ’\

[Ferenccraphicsripeiine) |

vkCmdPushConstants( CommandBuffer, PipelineLayout, stageFlags,
offset, size, pValues );

inoWidin

where:
stageFlags are or'ed bits of VK_PIPELINE_STAGE_VERTEX_SHADER_BIT,
VK_PIPELINE_STAGE_FRAGMENT_SHADER_BIT, etc.

depiiTostEnabie

dopinCompare0p
SenciTestEnatle
stonciOpSiateFront

size is in bytes

colorslendOp

pValues is a void * pointer to the data, which, in this 4x4 matrix example, would be of type glm::mat4.

o e SIGERAPH [, A

2 SIGGRAPH L% {raphics Pipeline > ) X
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Setting up the Push Constants for the Pipeline Structure 223

Prior to that, however, the pipeline layout needs to be told about the Push Constants:

VkPushConstantRange
vper[0].stageFlags =
VI

vper{0].offset = 0;
vpcr[0].size = sizeof( glm::mat4 );

VkPipelineLayoutCreatelnfo
vplci.sType = VK_STRUCTURE_’
vplci.pNext = nullptr;
vplci.flags = 0;
vplci.setLayoutCount = 4;
vplci.pSetLayouts = DescriptorSetL.ayouts;
vplci.pushConstantRangeCount 5 1;
vplci.pPushConstantRanges = vpcr;

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

RN |

Forward Kinematics: 225)
You Start with Separate Pieces, all Defined in their Own Local Coordinate System

W LR

Forward Kinematics: 227
Given the Lengths and Angles, Where do the Pieces Move To?

Locations?

Ground

7/26/2020

An Robotic Example using Push Constants

Arobotic 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
k

structarm  Arm1;
structarm  Arm2;
structarm  Arm3;

224

ooy 20 20

Positioning Part #1 With Respect to Ground

1. Rotate by ©1
2. Translate by T,/

Write it

[Ml/e]:[Tl/G]*[Rel]

Say it

Forward Kinematics: 226)
Hook the Pieces Together, Change Parameters, and Things Move
(All Young Children Understand This)
228)

38
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229 230]
Positioning Part #2 With Respect to Ground Positioning Part #3 With Respect to Ground
1. Rotate by ©3
2. Translate the length of part 2
1. Rotate by ©2 3. Rotate by ©2
2. Translate the length of part 1 4. Translate the length of part 1
3. Rotate by © 1 5. Rotate by O1
4. Translate by Ty Wite it 6. Translate by Ty/g L
Write it
[ 2/6] [ l/G] \'91 | 2_/1/ ok [Ms/e] [Tue] Ral] \[Tzn] [Rez]“"'[Ts/z [Res]_,'
M,e]= *[M [Mye]=[Mys]*[M,, ]*[My.]
2/G l/G 2/1
Say it
Say it
SIGGRAPH [ Y
P | L] e |
In the Reset Function 231 Setup the Push Constant for the Pipeline Structure 232]
struct arm Arm1; VkPushConstantRange
struct arm Arm2; vper{0].stageFlags =
struct arm Arm3; VK_PIPELINE_STAGE|VERTEX_SHADER_BIT
| VK_PIPELINE_STAGE| FRAGMENT_SHADER_BIT;
vpcr{0].offset = 0;
vpcer{0].size = sizeof( struct arm );
Arm1.armMatrix = VKPipelineLayoutCreatelnfo
Arm1.armColor vplci.sType = VK_STRUCTURE_JVI PELINE_LAYOUT_CREATE_INFO;
Arm1.armScale =6.f; vplci.pNext = nullptr;
) The constructor glm::mat4( 1. ) vplci.flags = 0;
Arm2.armMatrix = gim::mat4( 1. ); produces an identity matrix. The vplci.setLayoutCount = 4;
Arm2.armColor = glm::vec3( 1.f, 0.f, 0.f ); actual transformation matrices will vplci.pSetLayouts = DescriptorS Layou(s
Arm2.armScale = 4.f; . vplci.pushConstantRangeCount § 1;
be set in UpdateScene( ). vplci.pPushConstantRanges = vper:
Arm3.armMatrix result = vkCreatePipelineLayout( LogicalDevice, IN &vplci, PALLOCATOR,
Arm3.armColor OUT &GraphicsPipelineLayout );
Arm3.armScale = 2.f;
L}
SIGGRAFH 75, e SIGGRAFH 75, e
In the UpdateScene Functiom = | In the RenderScene Function 234
float rot1 = (float)Time; VkBuffer buffers[1] = { MyVertexDataBuffer.buffer };
f* rot1;
float rot3 = 2.f * rot2; kCmdBi C 0, 1, buffers, offsets );
glm::vec3 zaxis = glm:vec3(0., 0., 1.); vkCmdPushConstants( Cs ayout,
VK_SHADER_STAGE_ALL, 0, slzeof(s(ruct arm) (Vold *)&Arm1 );
glm:mat4 m1g = gim::mat4( 1. ); // identity vkCmdDraw( CommandBuffers[nextimagelndex], vertexCount, instariceCount, firstVertex, firstinstance );
m1g = gim::translate(m1g, gim:vec3(0., 0., 0.));
m1g = gim:rotate(m1g, rot1, zaxis); HTIR]
979 (mtg ) MR vkCmdPushConstants( Ct 1d phif ayout,
glm:matd m21 = gim:matd( 1. ); / identity VK_SHADER_STAGE_ALL, 0, sizeof(struct arm), (void"}8Arm2 );
m21 = gim:translate(m21, gim::vec3(2.*Arm1. armScaIe 0 0.)); vkCmdDraw( CommandBuffers[nextimagelndex], vertexCount, instancgCount, firstVertex, firstinstance );
m21 = glm::rotate(m21, rot2, zaxis);
m21 = gim::translate(m21, gm::vec3(0., 0., 2.)); //z oﬁsel from previous arm
vkCmdPushConstants( C ayout,
glm::mat4 m32 = gim::matd( 1. );  // identity VK_SHADER_STAGE_ALL, 0, SIzeO'(strud arm)
Im::translate(m32, gim::vec3(2.*Arm2.armScale, 0., 0.)); vkCmdDraw( CommandBuffers[nextimagelndex], vertexCou Count firstVertex, firstinstance );
Im::rotate(m32, rot3, zaxis); HTIR] - -
m32 = gim::translate(m32, gm::vec3(0., 0., 2.));  // z-offset from previous arm The strategy is to draw each link using the same
vertex buffer, but modified with a unique color,
Arm1.armMatrix = m1g; N'm1g length, and matrix transformation
Arm2.armMatrix = m1g * m21; 1 m2g
Arm3.armMatrix = m1g * m21 * m32; // m3g
L}
ooy 242030 SIGGRAPH 75, s 24 2020
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In the Vertex Shader 235]

layout( push_constant ) uniform arm

mat4 armMatrix;

vec3 armColor;

float armScale;
} RobotArm;

11 scale factor in x

layout( location = 0 ) in vec3 aVertex;

/I arm coordinate system is [-1., 1.] in X
/l now i [0., 2

bVertexx /= 2.; Il now is 0., 1.]

$ (RobotArm.armScale ); /I'now is [0., RobotArm.armScale]

bVertex = vec3( RobotArm.armMatrix * vecd( bVertex, 1.) );

bVertex.x +=

gl_Position = PVM * vec4( bVertex, 1. ); I/ Projection * Viewing * Modeling matrices

mo sy

7/26/2020

“ulkan.

Physical Devices

Mike Bailey
mjb@cs.oregonstate.edu

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

ooy 24 200]

Vulkan: a More Typical (and Simplified) Block Diagram 27 Querying the Number of Physical Devices 238
uint32_t count;
result = vkEnumeratePhysicalDevices( Instance, OUT &count, OUT (VkPhysicalDevice *)nullptr );
pplication
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
Command Buffer result = vkEnumeratePhysicalDevices( Instance, &count, nullptr );
Command Buffer
result = vkEnumeratePhysicalDevices( Instance, = &count, physicalDevices );
[ [
“2 SIGGRAPH 75, . SIGGRAFH 75, e
Vulkan: Identifying the Physical Devices =g Which Physical Device to Use, | 220]

VkResult result = VK_SUCCESS;

result = vkEnumeratePhysicalDevices( Instance, OUT &PhysicalDeviceCount, (VkPhysicalDevice *Jnullptr );
if( result 1= VK_SUCCESS || PhysicalDeviceCount <=0 )

{
] fprintf( FpDebug, "Could not count the physical devices\n" );
return VK_SHOULD_EXIT;
fprintf(FpDebug, "\n%d physical devices found.\n", PhysicalDeviceCount);

Logical
VkPhysicalDevice * physicalDevices = new VkPhysicalDevice[ PhysicalDeviceCount ];
i icalDevices( Instance, OUT DeviceCount, OUT physicalDevices );

It =

e
if( result 1= VK_SUCCESS )

fprintf( FpDebug, "Could not enumerate the %d physical devices\n", PhysicalDeviceCount );
retun VK_SHOULD_EXIT;

int discreteSelect
intintegratedSele
for( unsigned inti =

{

0:i < PhysicalDeviceCount; i++)

VkPhysicalDeviceProperties vpdp;
VkGetP} roperties( IN physicalDs
if( result 1= VK_SUCCESS )

[i], OUT &vpdp );

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, "WAPI version: %d\n", vpdp.apiVersion );

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

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

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

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

i VK_PHYSICAL_DEVICE_TYPE_DISCRETE_GPU ) fprintf( FpDebug, * (Discrete GPU)\n" );

fprinti( FpDebug, * (Virtual GPU)n" );
fprintf( FpDebug, " (CPU)\n" );

fprintf( FpDebug, "tDevice Name: %s\n", vpdp.deviceName );
fprintf( FpDebug, "tPipeline Cache Size: %d\n", vpdp.pipelineCacheUUID(0] )

40
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Which Physical Device to Use, Il

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

if( vpdp.deviceType
discreteSelect

VK_PHYSICAL_DEVICE_TYPE_DISCRETE_GPU )

if( vpdp.deviceType =
integratedSelect

VK_PHYSICAL_DEVICE_TYPE_INTEGRATED_GPU )
i;

}

int which = -1;
if( dlscre(eSelecl >=0)

which = discreteSelect;
PhysicalDevice = physicalDevices{which];

else if{ integratedSelect >= 0 )

which = integratedSelect;
PhysicalDevice = physicalDevices{which];

}

else

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

ooy 20 200

Here’s What the NVIDIA RTX 2080 Ti Produced

VkEnumeratePhysicalDevices:

Device 0:
API version: 4198499
Driver version: 4198499
Vendor ID: 0x10de
Device ID: 0x1e04
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
multiDrawlndirect =
wideLines = 1
largePoints = 1
multiViewport = 1
occlusionQueryPrecise = 1
pipelineStatisticsQuery = 1
shaderFloat64 = 1
shaderinté4 = 1
shaderint16 = 1

243]

Asking About the Physical Device’s Different Memories

245

VkPhysicalDeviceMemoryProperties imp;
vkGetPhysicalDeviceMemoryProperties( Phys\ca\Devlce OUT &vpdmp );

fprinti( FpDebug, "n%d Memory Types:\n’, vpdmp.memoryTypeCount );
for( unsigned int i = 0; i < vpdmp.memoryTypeCount; i++)
{

’kMemoryType vmt = vpdmp..
fprintf( FpDebug, "Memory %2d: * i );
if( ( vmt propertyFlags & VK_MEMORY_PROPERTY_DEVICE_LOCAL BIT ~ )1=0)
if( ( vmt. propertyFlags & VK_MEMORY_PROPERTY_HOST_VISIBLE_BIT _ )1=0)
if( ( vmt.propertyFlags & VK_MEMORY_PROPERTY_HOST_COHERENT_BIT
if( ( vmt.propertyFlags & VK_MEMORY_PROPERTY_HOST_CACHED_BIT  )!
if( ( vmt propertyFlags & VK_MEMORY_PROPERTY_LAZILY_ALLOCATED_BIT ) != 0)
fprintf(FpDebug, "\n");

Types(i];

}

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.memoryHeaps(il;
fprintf( FpDebug, * size = 0x%08Ix", (unsigned long intjvmh.size )
if( (vmh.flags & VK_MEMORY_HEAP_DEVICE_LOCAL_BIT )1=0) fprintf( FpDebug, " DeviceLocal" )
fprintf(FpDebug, "\n");

)

fprintf( FpDebug, * DeviceLocal" );
fprintf( FpDebug, "
= o ) fprintf( FpDebug, *
fprintf{ FpDebug, * HostCached" );

forintf( FpDebug, * LazilyAllocated" );

HostVisible" )
HostCoherent" );

/lonly one in use

Asking About the Physical Device’s Features

VkPhysicalDeviceProperties PhysicalD
vkGetPhysicalDeviceFeatures( IN PhyslcalDevlce OUT &PhysicalDeviceFeatures );

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

fprintf( 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 );

forinti( FpDebug, "largePoints = %2d\n", PhysicalDeviceFeatures.largePoints );

fprintf( FpDebug, " = %2d\n", PhysicalD iViewport );

fprintf( FpDebug,
fprintf( FpDebug, "shaderFloaté4 = %2d\n", PhysicalDeviceFeatures.shaderFloat64 );
fprintf( FpDebug, "shaderint64 = %2d\n", PhysicalDeviceFeatures.shaderint64 );
fprintf( FpDebug, "shaderInt16 = %2d\n", PhysicalDeviceFeatures.shaderint16 );

fprintf( FpDebug, "occlusionQueryPrecise = %2d\n", PhysicalDeviceFeatures.occlusionQueryPrecise );
pipelineStatisticsQuery = %2d\n", PhysicalDeviceFeatures.pipelineStatisticsQuery );

ooy 24 200]

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
multiDrawindirect = 1
wideLines = 1

largePoints = 1
multiViewport = 1
occlusionQueryPrecise = 1
pipelineStatisticsQuery = 1
shaderFloat64 = 1
shaderint64 = 1
shaderint16 = 1

244

Here’s What | Got

11 Memory Types

Memory

Memory 1

Memory 2:

Memory 3

Memory 4

Memory 5:

Memory 6:

Memory 7: Devicelocal

Memory 8: Devicelocal

Memory 9: HostVisible HostCoherent
Memory 10: HostVisible HostCoherent HostCached
2 Memory Heaps:

Heap 0: size = 0xb7c00000 DevicelLocal
Heap 1: size = 0xfac00000

245
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Asking About the Physical Device’s Queue Families 247 Here’s What | Got 28]
uint32_t count = -1;
k i eviceQt ily ties( IN PhysicalDevice, &count, OUT (VkQueueFamilyProperties *)nullptr ); Found 3 Queue Families:
fprintf( FpDebug, "\nFound %d Queue Families:\n", count ); 0: queueCount = 16 ; Graphics Compute Transfer
1: Count= 2 ; T fe
VkQueueFamilyProperties *vqgfp = new VkQueueFamilyProperties[ count J; 2: qﬁzﬁzcgﬁ:l = 8: cr;rfv]s :{e
vkGetPhysicalDeviceQueueFamilyProperties( IN PhysicalDevice, &count, OUT vafp ); -4 ! d
for( unsigned int i = 0; i < count; i++ )
fprintf( FpDebug, "\t%d: queueCount = %2d ; ", i, vafp[il.queueCount );
if( ( vafplil.queueFlags & VK_QUEUE_GRAPHICS BIT)!=0) fprintf( FpDebug, " Graphics" );
if( ( vafplil.queueFlags & VK_QUEUE_COMPUTE_BIT )!=0) fprintf( FpDebug, " Compute " );
if( ( vafp[il.queuel fprintf( FpDebug, " Transfer" );
fprintf(FpDebug, "\
}
[ [
SIGBRAPH B, ] SIGBRAPH o, ot |
9] 250]
249 Vulkan: a More Typical (and Simplified) Block Diagram 250
mn' Application
Logical Devices
Mike Bailey
mjb@cs.oregonstate.edu
Command Buffer
Command Buffer
.
| http://cs.oregonstate.edu/~mijb/vulkan
[ [
“2 SIGGRAPH 75, e SIGGRAFH 75, .
Looking to See What Device Layers are Available 251 252]

const char * myDeviceL ayers| ] =
{

11 "VK_LAYER_LUNARG_api_dump",
11 "VK_LAYER_LUNARG_core_validation",
/1 "VK_LAYER_LUNARG_image",
"VK_LAYER_LUNARG_object_tracker",
"VK_LAYER_LUNARG_parameter_validation",
1/ "VK_LAYER_NV_optimus"

3

const char * myDeviceExtensions{] =

"VK_KHR_surface",
"VK_KHR_win32_surface",
"VK_EXT_debug_report"
11 "VK_KHR_swapchains”

3

II see what device layers are available:

uint32_t layerCount;
Devicel roperties(Pl Device, &layerCount, (VkLayerProperties *)nullptr);

VkLayerProperties * deviceLayers = new VkLayerProperties{layerCount];

result = vkEnumerateDeviceLayerProperties( PhysicalDevice, &layerCount, deviceLayers);

Looking to See What Device Extensions are Available

/I see what device extensions are available:

uint32_t extensionCount;

KEnumeratel perti icalDevice, deviceLayers]i] :
& ount, ( i perties *)nullptr);
roperties * devi =new ount];
result = i i icalDevice, deviceLayers[i].

&extensionCount, deviceExtensions);
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What Device Layers and Extensions are Available

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'

253

ooy 20 200

Vulkan: Creating the Logical Device’s Queue 255]
11 get the queue for this logical device:
vkGetDeviceQueue( LogicalDevice, 0, 0, OUT &Queue ); /10, 0 = queueFamilyindex, queuelndex
[
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float queuePriorities[1] =

{ l_l_l
1

popical
3 wica.
VkDeviceQueueCreatelnfo (Vdaor) I—|—‘

vdqci.sType = VK_STRUCTURE_TYPE_DEVICE_QUEUE_CREATE_INFO;
vdqci.pNext = nuliptr;
vdqeiflags = 0;

vdgci.queueFamiltylndex = §;
vdqci.queueCount = 1;
vdqci.pQueueProperties = quiuePriorities;

i

i

3

vdci.flags = 0;
vdci.queueCreatelnfoC: 1# of device queues
ici; Il array of VkDeviceQueueCreatelnfo's

of(myDeviceLayers)  sizeof(char *);

yReviceLayers;
vdci.enabledExtensionCount = 0;
vdci.ppEnabledExtensionNames = (co
i ount =

/I no extensons
sizeof(char *);

¢ char **)nullptr;

vdci = IN &PhysicalD 3

result = vkCreateLogicalDevice( PhysicalDevice, IN &vdci, PALLOCATOR, OUT &LogicalDevi
SIGGRAPH "=
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