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1.2 OpenGL 2| CH 2 Metal Zf Vulkan

OpenGL 2| =X

A RN

|=|7<
OPHAN EE

Metal Zf Vulkan

- L EHSI1 |2 low-level API
oLt M

- 7H = L.E|9-Vé'>' (Metal)




Ml ZEA 223

1.CPU 2 E(API) ZE

2.GPU D =

MN|O| ) &£

glBindBuffer(GL_ARRAY BUFFER,
gIBindBuffer(GL_UNIFORM_BUFFER,

attribute vec2 a_position;

uniform mat4 u_matrix;
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[encoder setVertexBuffer: offset:0 atindex:0];

[encoder setVertexBuffer: offset:0 atindex:1];

vertexShader(constant short2* positions [[buffer(0)]],

uint vid [[vertex_id]],
constant float4x4& matrix [[buffer(1)]]) { ... }
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CPU GPU

0 1 2
(250, -250) (-250, -250) (0, 250) 2
(made in C++)
1 0
encoder.setVertexBuffer( .0,0); (8 vertex VertexOut
(Objective C, Swift) vertexShader(constant short2*
| uint vid [[vertex_id]]) {
O (250, -250) (-250, -250) (0, 250) > Shortz PO = [Vld]’

(Metal Shading Language)



# Argument Table

buffer, texture, sampler 7| E2tE| = =2

Render Command Encoder
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-~

Vertex Argument Table

Buffers Textures

Fragment Argument Table

Samplers

(250, -250) l (-250, -250) (0, 250)

Buffers

Textures

Samplers

~

vertexShader(constant short2* Il O

uint vid [[vertex_id]])
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# Constant 2 &7

= OIE|LE & EFQ) 4 AP Al BEEA| T4 B7HYA
- device: readable and writeable
- constant: read-only

vertexShader( short2 " positions [[buffer(0)]],

uint vid [[vertex_id]])
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OrLIe| &KX = £rel

(250, -250)

(1,1)

(-250, -250)

(0, 1)

(0, 250)

(0.5, 0)

struct {
short2 pos;
float2 tex;
} __attribute  ((packed aligned(4)));

vertexShader(constant * vertices [[buffer(0)]],

uint vid [[vertex_id]])
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# alignment

2K alignment = B1H| = Z[CH alignment
- BF Z|CH 16 => i0S Ol 2. 2| alighment

TEH 27| = 7 ZH| alignment 2| Hi ==

struct Vertexin { alignment: 8 bytes
short2 pos;
float? tex: short2 float2
12 bytes 1 ' | I |
l I ' 8 bytes 8 bytes
O (250, -250) (1, 1) (-250, -250) (0, 1) (0, 250) (0.5, 0)

struct Vertexin { alignment: 4 bytes
short2 pos;

short2 float2

float2 tex;
} _ attribute_ ((packed aligned(4))); 4 bytes 8 bytes
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# Interleaved L| Of B

Interleaved ©F §|O|E{BF SfL{O| HIH 2 BF = &= R F

struct Vertexin {

interleaved short2 pos:
l | | I float2 tex;
0| (250,-250) (1, 1) (-250,-250) | (0, 1) (0, 250) (0.5, 0) > } __attribute__ ((packed aligned(4)));

vertexShader(constant VertexIn™ vertices [[buffer(0)]],

uint vid [[vertex_id]])

non-interleaved

vertexShader(constant short2* positions [[buffer(0)]],
(250, -250) (-250, -250) (0, 250)
0 > constant float2* tex [[buffer(1)]]

1 (1, 1) (0, 1) (0.5, 0) uint vid [[vertex_id]])




0| (250,-250)

(1,1)

(-250, -250)

(0, 1)

(0, 250)

(0.5, 0)

1 (1,0,0,1)

(0,1,0, 1)

(0,0,1,0)

struct Vertexin {

short2 pos [[attribute(0)]];
float2 tex [[attribute(1)]];
float4 color [[attribute(2)];

} —attribute—{{packed aligned{4));

vertexShader(Vertexin in [[ 11)
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# Vertex Descriptor

Vertex Descriptor Of| ‘S & S E(Er®, AXl, 27|) & S

MTLVertexDescriptor
Attributes struct VertexIn {
format short2 short2 pos [[attribute(0)]];
buffer 0 float2 tex [[attribute(1)]];
float4 color [[attribute(2)]];
offset 0
format float2
buffer 0 4 biltes Buffer List
offset 4
Layouts

format floata - (250, -250) (1,1) | (-250,-250) (0, 1) (0, 250) (0.5, 0)

: 12 bytes
buffer 1 stride 12

. (1,0,0, 1) (0,1,0,1) (0,0, 1,0)
offset 0 stride 16 e




vertexShader(constant VertexIn™ vertices [[buffer(0)]],

uint vid [[vertex_id]]) {

VertexIn in = vertices|vid];

vertices + vid

vertexShader(VertexIn in [[stage_in]]) {
}
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(250, -250)

(1,1)

(-250, -250)

(0, 1)

(0, 250)

(0.5, 0)

struct Vertexin {
short2 pos [[attribute(0)]];
float2 tex [[attribute(1)]];
float4 color [[attribute(2),

7

vertexShader(Vertexin in [[
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# Function Constant

HIOIE B4 ZIFY Al Q2f2t 4 ¢

rir
J|m

T
Ot

- JKX 2|7 HHO (#ifdef ~ #else ~ #endif) ChAl|

Objective C

. sk — A .
MTLFunctionConstantValues = [MTLFunctionConstantValues new]; constant bool attribute _color defined [[

constant bool Il
bool attributeColorDefined = true;

struct Vertexin {
short2 pos [[attribute(0)]];
float2 tex [[attribute(1)]];
O float4 color [[attribute(2), (attribute_color_defined)]];
¢ float opacity [[attribute(3), ( )1

p

| setConstantValue:&attributeColorDefined type:MTLDataTypeBool atindex:0];

bool = false;

[ setConstantValue:& type:MTLDataTypeBool atindex:1];

[library newFunctionWithName:@"”vertexShader” constantValues: error:&error];

vertexShader(Vertexin in [[stage_in]])
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3. Metal Uniform Binding




oH=d OF Ol Ol
20k Qo L| Etel
(250, -250) (1, 1) (-250, -250) (0, 1) (0, 250) (0.5, 0)

(0.5,0.87,0,1,-.087,0.5,0,1,0,0,1,1,0,0,0, 1)

struct VertexIn {
short2 pos [[attribute(0)]];
float2 tex [[attribute(1)]];

5

vertexShader(VertexIn in [[stage _in],
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S8 070 B0 stage_in = AFSUALIE 38 HI{= o /) Ol

struct Vertexin {

short2 pos [[attribute(0)]];
0| (250,-250) (1,1) | (-250, -250) (0, 1) (0, 250) (0.5, 0) float2 tex [[attribute(1)]];
float opacity [[attribute(2)]];
1 0.5 0.3 0.7 > }’
2 (0.5,0.87,0,1,-.087,05,0,1,0,0,1,1,0,0,0, 1) 0_1 .
vertexShader(VertexIn in [[stage in],

constant float4x4& matrix [[buffer(2)]])



U=

SE7SOLIM 72X 2 £

(250, -250)

(1, 1) (-250, -250) (0, 1) (0, 250)

(0.5, 0)

(0.5,0.87,0,1,-087,05,0,1,0,0,1,1,0,0,0, 1), (2, 1,0, 0.5)

struct Vertexin {

short2 pos [[attribute(0)]];
float2 tex [[attribute(1)]];

5

struct Uniform {
float4x4 matrix;

5

vertexShader(VertexIn in [[stage_in],
constant Uniform& unf [[buffer(1)]])
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N
=

(250, -250)

(1,1)

(-250, -250)

(0, 1)

(0, 250)

(0.5, 0)

(0.5,0.87,0,1,-.087,05,0,1,0,0,1,1,0,0,0, 1)

(1,0,0,1)

0.5

43| 9| setVertexBuffer 2=

struct Vertexin {

short2 pos [[attribute(0)]];
float2 tex [[attribute(1)]];

Iy

vertexShader(VertexIn in [[stage _in]],
constant matrix4x4& mat [[buffer(1)]],
constant float4& color [[buffer(2)]],
constant float& opacity [[buffer(3)]])
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M|O|§ 2t=z= OFOJ| Al Function Constant == RO 2 AR

or

O (250, -250) (1, 1) (-250, -250) (0, 1) (0, 250) (0.5, 0)

2 (0.5,0.87,0,1,-087,05,0,1,0,0,1,1,0,0,0, 1), (2, 1,0, 0.5)

constant bool attribute color_defined [[function_constant(0)]];

constant int vertex_uniform_index [[function_constant(1)]];

struct VertexIn {
short2 pos [[attribute(0)]];
float2 tex [[attribute(1)]];
float4 color [[attribute(2), function_constant(attribute_color_defined)]];

5

struct Uniform {
float4x4 matrix;
float4 color;

5

vertexShader(VertexIn in [[stage _in],
constant Uniform& unf [[buffer(vertex uniform index)]]) {
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Function Constant Af2ot= 85 L& HIg Al QIEIA EQ

constant bool attribute color_defined [[function_constant(0)]];

constant bool attribute opacity defined [[function_constant(1)]];

constant int vertex_uniform_index [[function_constant(2)]];

(250, -250) (1, 1) (-250, -250) (0, 1) (0, 250) (0.5, 0)

struct Vertexin {
short2 pos [[attribute(0)]];
float2 tex [[attribute(1)]];
float4 color [[attribute(2), function_constant(attribute_color_defined)]];
float opacity [[attribute(3), function_constant(attribute _opacity defined)]];

(0.5,0.87,0,1,-.087,0.5,0,1,0,0,1,1,0,0,0,1) ), (1, 1,0, 0.5)

5

Oor0-1or0-2
vertexShader(VertexIn in [[stage in], lor2or3
constant Uniform& unf [[buffer(vertex uniform index)]])




# O 7l B =0{ Function Constant &3
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b = LHH|BFX] QEX| D CHE Wl

Function Constant A2 Al I(not) AIE & 7F

constant bool [[function_constant(0)]];
constant bool uniform_color_defined [[function_constant(1)]];

constant bool [[function_constant(2)]];
constant bool uniform_opacity defined [[function_constant(3)]];

constant int vertex_uniform_index [[function_constant(4)]];

struct Vertexin {
short2 pos [[attribute(0)]];

(0.5,0.87,0,1,-.087,0.5,0,1,0,0,1,1,0,0,0, 1)

float2 tex [[attribute(1)]];
float4 color [[attribute(2), function_constant(
float opacity [[attribute(3), function_constant(

7

vertexShader(VertexIn in [[stage_in]],
constant matrix4x4& mat [[buffer(vertex_uniform_index)]],

constant float4& color [[buffer(vertex_uniform_index + 1), function_constant(uniform_color defined)]],
constant float& opacity [[buffer(vertex_uniform_index + 2), function_constant(uniform_opacity defined)]])
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# [ 49| H == bytes &

setVertexBuffer AFE A| consta
- HH | bool, short 2| H7F /U=

vertexShader(VertexIn in [[stage _in],
constant Uniform& unf [[buffer(1)]])

struct Uniform { alignment: 4 bytes

bool float
false 0.5 “Fy e
1 bytes 4 bytes float opacity; I J | J
} 4 bytes 4 bytes
N
struct Uniform { alignment: 4 bytes
0 0.5 _ int float
4 bytes 4 bytes float opacity; | '
| l

Iy

4 bytes 4 bytes



# float3 E}

float3 2| 27| = 12 bytes, alignment =
-4 bytes C{ 0| M| 22| 2 X =

2= MO

(1.0, 0.0, 0.0)
12 bytes

0.5

4 bytes

U

(1.0, 0.0, 0.0)
12 bytes

4 bytes

0.5

4 bytes

16 bytes

struct Uniform {
float3 color;

float opacity;
} __attribute_ ((packed aligned(4)));

DEVIEW
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O H
alignment: 4 bytes
float3 float
| J\ J
16 bytes 4 bytes
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# float3 EF QS MOf St= AL _did 5

float3 2| 27| = 12 bytes, alignment = 16 bytes
- packed float3 2 CHA|| -> 27|, alignment 2+ 12 bytes

alignment: 4 bytes

struct Uniform {
color: float3 float
float opacity; | " :
} __attribute__ ((packed aligned(4))); 16 bytes 4 bytes
(1.0, 0.0, 0.0) 0.5
12 bytes 4 bytes NVZ

_ alignment: 4 bytes
struct Uniform {

color; packed_float3 float

float opacity;

attribute acked aligned(4))); ' I |
e ) 12 bytes 4 bytes




# Metal APl Validation

Xcode 11

Info Arguments Diagnostics

Core Location  Allow Location Simulation

Default Location ' None
Application Data ' None

Routing App Coverage File | None

GPU Frame Capture | Disabled &

Profile GPU Trace after capture

Metal APl Validation = Enabled C

Info

Runtime Sanitization

Runtime API Checking

Memory Management

Xcode 12

Arguments Options Diagnostics

Address Sanitizer

i

Undefined Behavior Sanitizer
Main Thread Checker

Malloc Scribble
Malloc Guard Edges
Guard Malloc
Zombie Objects
Malloc Stack Logging

API Validation
Shader Validation @
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# Metal API Validation | A{| X]

buffer CIEIAE EF B X M5 42

Disabled: ‘Execution of the command buffer was aborted due to an error during execution. Caused GPU Hang Error (IOAF code 3)’

Enabled: ‘Vertex Function(vertexShader): missing buffer binding at index 1 for unf[0]’

0|EfQ] 37|19 RLIE TEX Q| 7|7} CHE HS

Disabled: O] &S A| 12X AL} LM 2EO|AM 2K Bl0| 2 SO0t7H | = &

Enabled: Vertex Function(vertexShader): argument unf[0] from buffer(1) with

offset(0) and length(72) has space for 72 bytes, but argument has a length(80)."
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vkCmdBindVertexBuffers(drawCmdBuffer, O,

A‘” 7 |'X‘ '_I'T"_' %DI size(), .data(),

offsets.data());

vkCmdBindDescriptorSets(drawCmdBuffer,

VK_PIPELINE_BIND POINT_GRAPHICS,
1 . C P U i E ( A P I ) '_ITI_' %_l [encoder setVertexBuffer: offset:0 atindex:0]; sipelineLayout, 0, 1, & |

[encoder setVertexBuffer: offset:0 atindex:1];

dynamicOffsets.size(), dynamicOffsets.data());

attribute vec2 a_position; layout (location = 0) in ivec2 a_pos;

uniform mat4 u_matrix; layout (binding = 0) uniform UniformBufferObject {

om

2.GPU D E(M|O|4) =

mat4 matrix;
} ubo;

layout (constant_id = 0) const int attribute opacity defined =0;




o
S

(Vertex Shader)

Push Constant

vertex shader

Uniform

Dynamic Uniform Buffer

Constant Id

In Buffer(attribute)

Attribute <<

Specialization Info

(push_constant) PushConsts {

matrix

(binding = @) UniformBufferObject {

color
opaclity

(constant_id = @) attribute color _defined =
(constant_id = 1) attribute_opacity defined =

(location ' a_pos
(location ' a color
(location : a opacity

(location : v_color
(location ' v_opacity

gl_PerVertex {

gl _Position

main() {
v_color = (attribute_color_defined ==

) 7 a_color : ubo.color

v_opacity = (attribute opacity defined == 1) ? a_opacity : ubo.opacity

gl_Position = pushConsts.matrix *

(a_pos

DEVIEW
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# S YE(SIK, MY, YR HEE

vertex shader

PushConsts {

(push_constant)
matrix
} pushConsts

VkVertexinputBindingDescription

(binding = @) UniformBufferObject {
. color
AttrlbUteS LayOUtS opacity

format Shortz O Strlde 4 (constant_id = @) attribute color _defined =
() (constant_id = 1) attribute_opacity defined =

buffer 0 1 stride 16

(a_pos) (location ) a_pos
offset 0 ] (location ) a color
2 stride 4 (location ) a_opacity
format float4 (location v_color
1 (location v_opacity
1 buffer . Buffer List
(a_color) (250, -250) (250, -250) gl _PerVertex
50, -25 -250, -25 s
s ’ gl_Position

offset 0 A oytes 4 bytes

format float (1.0,1.0,0.0,1.0) |  (1.0,1.0,0.0,1.0) nain() {
p) 16 bytes | 16 bytes v_color = (attribute_color_defined == 1) 7 a_color : ubo.color

. buffer 2 v_opacity = (attribute opacity defined == 1) ? a_opacity : ubo.opacity
(a_opacity) (1.0) | (1.0)
offset 0 4bytes 4bytes gl Position = pushConsts.matrix * EW L )
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4.3 Vertex Input Description

# Attribute & Eff = Q1 E A| H @I E S1HX]?

Vertex Input Binding 2 S

Vertex Input Attribute 2 S




4.3 Vertex Input Description

# Vertex Input Binding 2 &

- VkVertexlnputBindingDescription

[0] = {VkVertexInputBindingDescription}

binding = {uint32_t} 0

stride = {uint32_t} 4

inputRate = {VkVertexinputRate} VK_VERTEX_INPUT_RATE_VERTEX
[1] = {VkVertexInputBindingDescription}

binding = {uint32_t} 1

stride = {uint32_t} 16

inputRate = {VkVertexinputRate} VK_VERTEX_INPUT_RATE_VERTEX
[2] = {VkVertexInputBindingDescription}

binding = {uint32_t} 2

stride = {uint32_t} 4

inputRate = {VkVertexinputRate} VK_VERTEX_INPUT_RATE_VERTEX

Create Vertex Input Description

VkVertexInputBindingDescription
uint32_t binding
uint32_t stride
VkVertexInputRate inputRate) {
VkVertexInputBindinaDescription inputBindinaDescription{}

inputBindingDescription. = binding
inputBindingDescription. = stride
inputBindingDescription. = inputRate

1nputolnailnguescripuion

DEVIEW
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Buffer List
(250, -250) (-250, -250)
() A bytes 4 bytes
(1.0, 1.0, 0.0, 1.0) (1.0, 1.0, 0.0, 1.0)
1 16 bytes 16 bytes
;Z (1.0) (1.0)
4bytes 4bytes
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# Vertex Input Attribute 23

Create Vertex Input Description

- VkVertexInputAttributeDescription

VkVertexInputAttributeDescription
uint32_t binding

[0] = {VkVertexInputAttributeDescription} uint32_t location
VkFormat format
location = {uint32_t} 0 uint32_t offset) {
VkVertexInputAttributeDescription inputAttributeDescription
bmdlng = {uint32 t} 0 inputAttributeDescription. = binding
B inputAttributeDescription. = location
format = {VkFormat} VK_FORMAT_R16G16_SINT inputAttributeDescription. = format
| inputAttributeDescription. = offset
offset = {uint32_t}0 inputAttributeDescription

[1] = {VkVertexInputAttributeDescription}

location = {uint32_t} 1 Attributes
binding = {uint32_t} 1 format short2
format = {VkFormat} VK_FORMAT _R32G32_SFLOAT 0 buffer 0
offset = {uint32_t}0 offset 0
[2] = {VkVertexinputAttributeDescription} format floata
i : 1 buffer 1

location = {uint32_t} 2

o _ offset 0
binding = {uint32_t} 2 it omt
format = {VkFormat} VK_FORMAT _ R32G32_SFLOAT ) buffer )

offset = {uint32_t}0 offset 0
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4.3 Vertex Input Description

g IFO| X2} Ol A& Ol 24 AFEH A A

- o

- VkPipelineVertexInputStateCreatelnfo

VkPipelineVertexinputStateCreatelnfo vertexinputStateCreatelnfof
sType = VK_STRUCTURE_TYPE_PIPELINE_VERTEX_INPUT_STATE_CREATE_INFO,
.vertexBindingDescriptionCount = vertexinputBindingDescrptions.size(),
.pVertexBindingDescriptions = vertexinputBindingDescrptions.data(),
.vertexAttributeDescriptionCount = vertexinputAttributeDescrptions.size(),

.pVertexAttributeDescriptions = vertexinputAttributeDescrptions.data(),

VkGraphicsPipelineCreatelnfo pipelineCreatelnfo{

SType = VK_STRUCTURE _TYPE _GRAPHICS PIPELINE_CREATE_INFO,
.pVertexinputState = &vertexinputStateCreatelnfo,

b

vkCreateGraphicsPipelines(device, pipelineCache, 1, &pipelineCreatelnfo, nullptr, &pipeline);
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# OpenGL D E O|Al A| 24|

vertex shader

- 7(.__I X‘| E‘ / | Ec'>:| ES' O'| (#ifdef ~ #else ~ #endif) I:H X‘” (push_constant) uniforn PushConsts {

matrix
} pushConsts

#if defined(HAS_UNIFORM _u_color)

(binding = @) UniformBufferObject {
color
opacity

uniform highp vec4 u_color;
Helse
attribute highp vecd a_color;

(constant_id = @) attribute color defined =
varying highp vecd color; (constant_id = 1) attribute_opacity defined =

Hendif (location : a_pos
(location = 1) a color constant id
(location | a_opacity i

(location ] v_color . .
(location = 1] v_opacity attribute or uniform data

gl PerVertex {
gl _Position

mainl Y J
v_color = (attribute color defined == 1) 7 a_color : ubo.color
v_opacity = (attribute_opacity defined == 1) 7 a_opacity : ubo.opacity

gl Position = pushConsts.matrix * (a_pos
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# Shader 8t~ ZIQUA| QlEdS 2 Ol = E S AL MM

— - — H /1 = - O O O
. . vertex shader
- SpeC|a||Zat|On Data (push_constant) PushConsts {

matrix
. T . } pushConsts
std::vector<uint32_t> specializationData;
(binding = @) UniformBufferObject {
specializationData.push_back(colorEnabled ? 1 : 0); color

opacity

specializationData.push_back(opacityEnabled ? 1 : 0);

(constant_id j attribute color defined =
(constant_id : attribute_opacity defined =
(location : a_pos
(location = 1) a color constant id
(location | a_opacity i
(location ] v_color . .
data (location = 1] v_opacity attribute or uniform data

gl PerVertex {
gl _Position

O (0 or 1) 4 bytes

mainl Y J

v_color = (attribute color defined == 1) 7 a_color : ubo.color
v_opacity = (attribute_opacity defined == 1) 7 a_opacity : ubo.opacity

1 (O or 1)

gl Position = pushConsts.matrix * (a_pos )
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# Map Entry pgod

Specialization constant

- V kS p e C I a I I Za t I O n M a p E n t ry VkSpecializationMapEntry specializationMapEntry(uint32_t constantID, uint32_t offset, size_t size) {

specializationMapEntry. constantID = constantID;
std::vector<VkSpecializationMapEntry> specializationMapEntries; specializationMapEntry. = offset

specializationMapEntry. = size
specializationMapEntries.push_back( heciapaakiontapen ki

initializers::specializationMapEntry(0, 0, sizeof(uint32_t)));

VkSpecializationInfo
SpECializatiOnMapEntries.pUSh_baCk( specializationInfo(uint32_t mapEntryCount VkSpecializationMapEntryx mapEntries
size t dataSize * data) {
initializers::specializationMapEntry(1, 4, sizeof(uint32_t))); ST 2L ) IS LI
- specializationInfo. = mapEntryCount
specializationInfo. = mapEntries
specializationInfo. = dataSize
specializationInfo. = data
specializationInfo
constant id offset size
0 0 4

(sizeof(uint32_t))

4
(sizeof(uint32_t))
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# Specialzation D H 4
Specialization constant

- V kS p e C I a I I Zat I O n I n fo VkSpecializationMapEntry specializationMapEntry(uint32_t constantID, uint32_t offset, size_t size) {

VkSpecializationMapEntry specializationMapEntry{}
specializationMapEntry. = constantID
VkSpecializationInfo specializationinfo = initializers::specializationinfo( specializationMapEntry. = offset

specializationMapEntry. = size

static_cast<uint32_t>(specializationMapEntries.size()), specializationMapEntry

specializationMapEntries.data(),

VkSpecializationInfo

SiZEOf(SpECia|izati0nData), specializationInfo(uint32_t mapEntryCount VkSpecializationMapEntryx mapEntries
size t dataSize x data) {
specia“zationData.data()); VkSpecializationInfo specializationInfo{}

specializationInfo. = mapEntryCount

specializationInfo. = mapEntries

specializationInfo. = dataSize

specializationInfo. = data
speclalizationlnto
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4.4 Specialization Constant

# I}O| X 21 Q1 0]| Specialization 82 &=

- VkPipelineShaderStageCreatelnfo

VkPipelineShaderStageCreatelnfo shaderStageCreatelnfof};
shaderStageCreatelnfo.sType = VK_STRUCTURE_TYPE_PIPELINE_SHADER STAGE_CREATE_INFO;

shaderStageCreatelnfo.pSpecializationinfo = &specializationinfo;
shaderStageCreatelnfo.stage = VK_SHADER_STAGE_VERTEX_BIT;

shaderStageCreatelnfo.module = vertexShader;

VkGraphicsPipelineCreatelnfo pipelineCreatelnfo{};

pipelineCreatelnfo.sType = VK_STRUCTURE_TYPE_GRAPHICS PIPELINE_CREATE _INFO;
pipelineCreatelnfo.pVertexinputState = &vertexinputStateCreatelnfo;
pipelineCreatelnfo.pStages = &shaderStageCreatelnfo;

vkCreateGraphicsPipelines(device, pipelineCache, 1, &pipelineCreatelnfo, nullptr, &pipeline);



5. Vulkan L& 0| 0| B



Dynamic Uniform Buffer

| —

Memory Alighment

Push Constant

vertex shader

(push_constant) PushConsts {

matrix
} nushConsts

\01nding = 9) unirtormourrerubject 1

color
opacity
} ubo

(constant_id = 0) attribute_color_defined =
(constant_id = 1) attribute_opacity_defined =

(location a_pos
(location a_color

(location a_opacity

(location v_color
(location v_opacity

gl_PerVertex {

gl_Position

main() {
v_color = (attribute color defined ==
v_opacity = (attribute_opacity_defined

gl_Position = pushConsts.matrix *

) ? a_color : ubo.color
== 1) ? a_opacity : ubo.opacity

(a_pos
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5.1 Uniform Buffer

Zcju|u

i
- =d[o]&

# Command BufferOf| 7l £ Uniform B 2E& AO,D) [ B(1,0)

X|2tel A

KB=2I2H
QUSFA
= |
K Q
SHEXK]
CU =Nz
. ; wFAE
Op
o
HU

Swapchain

' (0, 1) D{da)

Vkimage Vkimage Vkimage Vkimage Vkimage Vkimage
#0 #1 H2 #0 #1 H2

[by

=h=

VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer D
#0 #1 #2 #0 #1 #2 TAIAZ

| |

A(O, 0) B(1, O) C(O, 1) D(1, 1) E(O, 2) F(1, 2)

1%

} o
-
-

NEIEL

ME M2

F(1, 2)
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5.1 Uniform Buffer

# Command BufferQ|| 7HE Uniform S EEA| =24

JIN
i

Swapchain

Vkimage Vkimage Vkimage Vklmage Vklimage Vkimage
#HO #1 H2 #HO #1 #2

VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer
#0 #1 #2 #0 #1 #2

| | |

A(0, 0) B(1, 0) ﬁ), 1) D(1, 1\ £(0, 2) F(1, 2)

ME M2

F(1, 2)
o|2 A
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4 QLIE HIHE Of® A X2|8|of 3=t

Vkimage
#0

VkCommandBuffer
HO

Swapchain

Vkimage
#1

VkCormmandBuffer

Vkimage

#H2

VkCommandBuffer

0 Uniform Buffer 24/ Dynamic Uniform Buffer

Swapchain

Swapchain

Vkimage Vkimage Vkimage
#HO #1 #2

Vkimage Vkimage Vkimage
#HO #1 #2

VkCommandBuffer VkCommandBuffer VkCommandBuffer
#0 #1 #2

VkCommandBuffer VkCommandBuffer VkCommandBuffer
#0 #1 #2

\ /

Dyanmic Offset



5.2 Dynamic Uniform Buffer

# Dynamic Uniform Buffer X &

Swapchain

Vkimage Vkimage Vkimage Vkimage Vkimage Vkimage
#0 #1 H2 #0 #1 H2

VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer VkCommandBuffer
#0 #1 #2 #1 #2

| | |

E(O, 2) F(1, 2)

A(0, 0) B(1, 0) C(0, 1)

b=
=
=

A, D)

KB=ol23H

CU

Iy

Sh

“¢(0, 1)

[by

=h=

(=]
-k

=5
1%
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5.2 Dynamic Uniform Buffer
# Dynamic Uniform Buffer= (& A Bt E=7f?

Binding Descriptor Set Layout 2 ‘S

Create Descriptor Set Layout g

Create Descriptor Set pafon

Write Descriptor Set ‘2 S

Descriptor Sets= & H|O| E5} 11 Drawing
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# Binding Descriptor Set Layout = ‘S

Dynamic Uniform Buffer

- VkDescriptorSetLayoutBinding

(binding = 0] UniformBufferObject { Vertex Shader
std::vector<VkDescriptorSetLayoutBinding> descriptorSetLayoutBindings = { patternscale_a
patternscale_b
VkDescriptorSetLayoutBinding{ ratio
L tex_y a
.binding =0, tex_y_b
.descriptorType = VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER_DYNAMIC, ‘c’gjgi“t’-‘
.descriptorCount = 1, L
Tloorwidth_t
.stageFlags =VK_SHADER_STAGE_VERTEX_BIT, gapwidth_t
offset_t

.pimmutableSamplers = nullptr, blur_t

3
VkDescriptorSetLayoutBinding{

.binding =1, (binding = 1) UniformBufferObject {
. . Fragment Shader
.descriptorType = VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER_DYNAMIC, ix
.descriptorCount =1, sdfganma
opacity
.stageFlags =VK_SHADER_STAGE_FRAGMENT _BIT, blur

.pimmutableSamplers = nullptr,

}
b
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5.2 Dynamic Uniform Buffer

# Create Descriptor Set Layout a8

- VkDescriptorSetLayoutCreatelnfo

const VkDescriptorSetLayoutCreatelnfo descriptorSetLayoutCreatelnfo = {
sType = VK_STRUCTURE_TYPE_DESCRIPTOR_SET LAYOUT CREATE_INFO,
.pNext = nullptr,
.bindingCount = descriptorSetLayoutBindings.size(),

.pBindings = descriptorSetLayoutBindings.data(),
7

vkCreateDescriptorSetLayout(device,
&descriptorSetLayoutCreatelnfo,
nullptr,

&pipelinelnfo->descriptorLayout);



5.2 Dynamic Uniform

# Create Descriptor Set “Hl

- VkDescriptorSet

VkDescriptorSetAllocatelnfo allocatelnfof
SsType = VK_STRUCTURE_TYPE_DESCRIPTOR_SET_ALLOCATE_INFO,
.descriptorSetCount =1,
.pSetLayouts = &descriptorSetLayout,
.descriptorPool = descriptorPool
Iy
VkDescriptorSet descriptorSet = VK_NULL _HANDLE;

vkAllocateDescriptorSets(device, &allocatelnfo, &descriptorSet);

Buffer

DEVIEW

Buffer

Buffer

Dynamic

Uniform Buffer

Dynamic

Uniform Buffer

2020
Buffer Buffer
Dynamic Dynamic

Uniform Buffer

Uniform Buffer

Samplers

Samplers

Samplers

Samplers

Descriptor Layout

Descriptor Set
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# Write Descriptor Set =S

Dynamic Uniform Buffer

- Vertex Shader HI I &

std::vector<VkWriteDescriptorSet> writeDescriptorSets;

(binding = @) UniformBufferObject {

Vertex Shader

UN1ts_To_pixeLls
patternscale_a
patternscale_b
ratio
tex_y_a
. . tex v b
writeDescriptorSets.push_back({ opacity_t

color_t

SsType = VK_STRUCTURE_TYPE_WRITE_DESCRIPTOR_SET, > width_t

Tloorwidth_t
.pNEXt = nuIIptr, gapwidth_t
offset_t
.dstSet = descriptorSet, blur_t

// Binding 0 : Vertex shader uniform buffer

.descriptorCount =1,

.descriptorType = VK_DESCRIPTOR _TYPE _UNIFORM_BUFFER DYNAMIQ, “tg‘i;:q =1) ol t o R Fragment Shader
.pBufferinfo = &uboV.bufferinfo,

mix
sdfgamma
opacity

.dstArrayElement =0, wlur

.dstBinding=0
hE
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# Write Descriptor Set =S

Ol C| Dynamic Uniform Buffer
L- O

(binding = @) UniformBufferObject {
units_to_pixels
patternscale_a
patternscale_b
ratio

- Fragment Shader H}

Vertex Shader

// Binding 1 : Fragment shader uniform buffer

writeDescriptorSets.push_back({ tex v a
sType = VK_STRUCTURE_TYPE_WRITE_DESCRIPTOR_SET, S
.pNext = nullptr, ;j;:r:::
.dstSet = descriptorSet, :;alg:;:izi:_t
.descriptorCount=1, E{:ii_t
.descriptorType = VK_DESCRIPTOR_TYPE_UNIFORM_BUFFER_DYNAMIC,
.pBufferinfo = &uboF.bufferinfo, e = intfomeutrerobject | Fragment Shader
.dstArrayElement =0, )i et
.dstBinding=1 S‘ijim

1)




5.2 Dynamic Uniform Buffer

# Descriptor Sets= 2O 0| Eot Drawing

// Update Write Descriptor Sets
vkUpdateDescriptorSets(device,
writeDescriptorSets.size(),
writeDescriptorSets.data(),
0,
nullptr);

vkCmdBindDescriptorSets(
drawCmdBuffer, VK_PIPELINE_BIND_POINT_GRAPHICS,
pipelinelnfo->pipelineLayout,
0,
1,
&descriptorSet,
dynamicOffsets.size(),

dynamicOffsets.data());

DEVIEW

2020
Dynamic offsets
Offset #0 | Offset #1 | Offset #2 | Offset #3
Vertex
Shader 0 64 128 172
Fragment
Shader 0 32 64 96
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# packed 7| 5= K| &AStX| =L

/ ‘ I:H ﬁk vertex shader
@ (hindina = @) UniformBufferObject {
#0 #2 ratio
color
#1 tE;aci’cy
32bytes <<
\—
210t
#O #1 #2
\
48bytes <<

4bytes
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# Memory AlignmentQ| &3 Al BRX| & X SHAT.

7E:| J_I—I' vertex shader
(binding = 0) UniformBufferObject {
HO H1 color

tex

opacity
ratio

32 bytes << e
#2
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# Bl Uniform Buffer/} L5 H|CHS K| =8 K7

74
— vertex shader

iy
#0 #1

(binding = 0) UniformBufferObject {
#4 | #8 | #9 natrix

pixel_coord_upper
< pixel_coord_lower

#5 scale
opacity_t

144 bytes <<

pattern_to_t
H6 pattern_from_t
opacity
pattern_to
H7 pattern_from

#H2

720 bytes
A

144 bytes 144 bytes 144 bytes 144 bytes 144 bytes




DEVIEW
2020

# push constant= 16x16 matrix= =5 7| Al

74
— vertex shader

7L

(push_constant) PushConsts {

#3 H#7 H8 matrix
} pushConsts

#0

#4 (binding = 0) UniformBufferObject {
pixel_coord_upper

pixel_coord_lower

H5 < scale

opacity_t

pattern_to_t

H6 pattern_from_t

opacity

pattern_to

pattern_from

80bytes <<

#1

400bytes

80 bytes 80 bytes 80 bytes 80 bytes 80 bytes
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5.4 Push Constant

# &S Ar& 0] L

// Update Model View Projection Matrix
vkCmdPushConstants(drawCmdBuffer,
pipelineLayout,
stageFlags,
offset,
mvp.size()),

mvp.data());

# ErS: o A2 A 7] M SF ArZ Ol 72| SHAL.

L
- Device Limit M| =L: VkPhysicalDeviceLimits::maxPushConstantsSize



&
QN




DEVIEW

6. 1 = % 2020

- A E A8} GPU Capture 7| & 0| &%t Shader C|H Z 0| 7ts g LI LT

-8H I\/Iodern Graphlcs O 7 |l = OS2 e =N 2l & ARG Clot 40| =



DEVIEW

61 724% 2020

#Ol8 == 0] 7hd [ RA=71?

- Metal Profile

ll'2 2H12j[0] o|O|X| E|£AE

iPhone X
256x256(200071|) 512x512(10007H})
OpenGL Metal OpenGL Metal
FPS
25.12tps (ﬁ:zlsgz/:) 26.51fps (iiﬁfz':/f)
OpenGL Metal OpenGL Metal
Memory
78aMB (-19039:“22.23%) 1430MB (-1301I\(/|)7B(,":|5|?17%)
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# O 2 20| 7 | RA=7F?

- Vulkan Profile S

K= AEFY: Default

; GS25 /=¥
FP&|§9|,§7 instantaneousqU59:50 average / 31.11
worst \
FPS Test \ qu.g aylglg
AdER2
=H5H ‘ mC}
Galaxy Note 10 Pixel3 XL AR
O\
TCHERY
OpenGL Vulkan OpenGL Vulkan E‘%m DA SHLto1 23]
FPS
58.51 59.50(+1.6%) 59.28 60.17(+1.5%) XE
o
ScHE|HE

042

CD OHIIE
=1 S
| {ZEAS
TADZH
MEESHAIR:
-

M2Estu

Limit @

|||||||||||
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