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Spencer[Z2DU\T

o SPIR-V&IEIFELEITELT=
o  4LunarGTSPIR-VO#EIIEZL TS E

e SPIR-VOVulkanDEIEDHZFFERALI=CELH S,
o OpenCLOEMZERTILAZL

o AUNAT—IUUZTFIFALN
o  SPIR-V M5O/ AS(ZDWVTEALE

o SPIRVDT—FTTI—TIEREELI-
o [FVERKIZBESLTULVELY

LUN/\R)G 2



CDITLET—2avILED=012H5DH

o SPIR-VDiEHA (HE) DFEE
o I—A—Y—I)LEEBLENHDEE

o fHELZIETH W OpLoadDMEUH LIZEIEIGHZDH ?)
e [SPIR-VOIIYI | DEEANRIZEST=AIE

LUN/\R)C. 3



SPIR-V &I

o SPIRVIX.TFT4VIRVT—FRT—LAVEa—bA—RILD/NAF1) HfH
RINTY

LUN/\R)C. 4



CPUDTOYSIY

for (int 1 = Uy 1. < vertices county it+) |
transform matrix (i) ; C/C++ O—F
}
subs w8, w8z w9
e ARM/x86/MIPS 7271
¥ w0, [sp, #8] ISA
bl teansforh matrix{int) ( )

LUN/\R)G 5



GPUDTRY ST (z—F—IA—FHRIL)

1Nt 1 = 'get ‘thread 1d();
transform_matrix(i);

GLSL/HLSL a—k

A
s buffer load dwordx8 s[52:59], s[0:3], Ox .
v_mul £32 vl, s23, vl GPU 7t 7J)
v_mov_b32 Vo, 837 GPU’\T/Q—:&Iziﬁé
v_fma £32 il 828, by w2

LUN/\R)G. 6



CPUIZLLVMZ{&|

U Front-end

C++ —» Clang

Go —p1 Gollvm

'/

LLVM IR

| v
Rust —» rustc 7
7

Toy ——->: toyc

ERS

Middle-end

LLVM optimizer

» LLVM IR

x86

Back-end

LLVM static compiler

PowerPC

LUN/\R)G 7



GPUIZSPIR-VZ{E AT 3

x¥86 AMDIL

GLSL N Front-end

—G++—->-(?+an
glslang
/V’

-ARM Qualcomm ISA

HLSL .
Middle-end Back-end
—Go- —p{ Gollvm \ e ack-end” RESE-V: Intel ISA
DXC_ M—a “SPIR-V <pIFv-opt SPIR-V |
VM IR LV optimizer H—» EEVM IR LLVM static-compiler
OpenCL = IHV Compiler N
—Rust- —» -H?S-Ee b4 N MIPS NVIDIA ISA
clspv L’ \
.etc | —--_-_- d
PowerPC ARM Mali ISA

LUN/\R)G 8



GPUIZSPIR-VZ{E AT 3

x¥86 AMDIL

Front-end

-ARM Qualcomm ISA

et

> RISE-V Intel ISA

gl

Middle-end Back-ery

spirv-opt . i
H:V—& optimizer EVM-static-compiler

IHV Compiler L]
AN

\\: MIPS NVIDIA ISA

PowerPC ARM Mali ISA

OpenGLAPLiITNIEELHEWMEETY

LUN/\R)G 9



SPIR-V [£ LLVM IR [ZfaFEINTLNET

LLVM IR & LLVM QA EREEMATY
SPIR-VIEA 2V B—F o P T+ —TVhTH
LLVMIZ{l7=SPIR-V D& &
W75 RFHERY—IL

o https://qithub.com/KhronosGroup/SPIRV-LLVM-Translator

LUN/\R)OO


https://github.com/KhronosGroup/SPIRV-LLVM-Translator

Shader vs Kernel

e OpenCL == Kernel
e \ulkan == Shader

LUN/\R)C.11



Logical vs Physical

e OpenCL == Physical
e Vulkan == Logical (}¥:5k#%aEZ{EAI 535 & (LI Physicall)

LUN/\R)C.12



SPIR-V Grammar JSON

e SPIR-V HeadersTR DM >7=JSONT7A /L
e Vulkan®vk.xml [Z{11=SPIR-V
o ZDIFAILDBLEAR I4—arNERSNET

H KhronosGroup / SPIRV-Headers  rublic

<> Code (® Issues 25 [ Pullrequests 8 (® Actions [ Projects [0 wiki (@ Security |~ Insights

¥ main ~  SPIRV-Headers / include / spirv / unified1 / spirv.core.grammar.json

LUN/\R)C..13



SPIR-V Grammar®DfELVAFD AI—R 5 —X

// Return number of optional parameter from ImageOperands
uint32_t ImageOperandsParamCount(uint32_t image_operand) {

uint32_t count = 0;
switch (image_operand) {

case spv::
spv::
spv::
spv:
spv::
spv:
return ©;
spv::
spv::
Sspv::
spv::
spv::
spv:
Sspv::
spv::
Spv::
spv::
return 1;

case
case
case
case
case

case
case
case
case
case
case
case
case
case
case

ImageOperandsMaskNone:
ImageOperandsNonPrivateTexelMask:
ImageOperandsVolatileTexelMask:

:ImageOperandsSignExtendMask:

ImageOperandsZeroExtendMask:

:ImageOperandsNontemporalMask:

ImageOperandsBiasMask:
ImageOperandsLodMask:
ImageOperandsConstOffsetMask:
ImageOperandsOffsetMask:
ImageOperandsConstOffsetsMask:

:ImageOperandsSampleMask:

ImageOperandsMinLodMask:

ImageOperandsMakeTexelAvailableMask:

ImageOperandsMakeTexelVisibleMask:
ImageOperandsOffsetsMask:

"operand_kinds" : [

{

"category" : "BitEnum",
"kind" : "ImageOperands",
"enumerants" : [

{

"enumerant" : "None",
"value" : "0Ox0000"

"enumerant" : "Bias",
"value" : "Ox0001",

"capabilities" : [ "Shader" ],

"parameters" : [

case spv::ImageOperandsGradMask:

default:

}

return count;

break;

return 2;

Vulkan-ValidationLayers / layers / generated / spirv_grammar_helper.cpp

{ "kind" : "IdRef" }

LUN/\R)C..14



SPIR-V LR #EEEE HERE R

o {#HE == Capabilities
o UTATURAPIEDEIEA i (15: Vulkan)
e Capabilities == Vulkan “Features”

LUN/\R)CJS



450
GL EXT shader 8bit storage : enable

(set = buffer StorageBuffer {
uint8 t dataA;
uint8 t dataB;

} ssbo;

uint(ssbo.dataA) ;
uint(ssbo.dataB);

OpCapability Shade:
OpCapability UniformAndStorageBuffer8BitAccess
OpExtension "SPV_KHR_8bit_storage

LUN/\R)C.16



Vulkantge A\ HR—kEN TULVALVE A Validation Layers((&SEL 1 V)W ERHET 5

// Provided by VK_VERSION_1 2
typedef struct VkPhysicalDevice8BitStorageFeatures {
VkStructureType sType;

void* pNext;

VkBo0132 storageBuffer8BitAccess;

VkB00132 uniformandStorageBuffersBitAccessh
VkB00132 storagePushConstants;

} VKkPhysicalDevice8BitStorageFeatures;

LUN/\R)C..17



SPIR-V &%

e SPIR-V [X@FH DR
e OpCode - A DA HI
o HIZTOpITHEYET

® Operands %16 = OpTypeInt 32 1
o OpCode(:.ﬁ(Words %48 = OpVariable %47 Function

e . %54 = OpLoad %16 %48
o FBk=32Evh %56 = OpSLessThan %25 %54 %55

LUN/\R)CJS



INAFY) vs FETEVTIL

o SPIR-V [XEIZ/NAFUTY
o TLEUT—avDf=®IZ. BIZHET VI IVERRLET

%16 = OpTypelInt 32 1
%48 = OpVariable %47 Function
%54 = OpLoad %16 %48
%56 = OpSLessThan %25 %54 %55

LUN/\R)Gw



SPIR-V 1

3P
b

%6 = OpTypelnt 32 0

LUN/\R)C@O



SPIR-V 1

ap
b

%6 = OpTypelnt 32 0

0x00040015 0x00000006 0x00000020 0x00000000

LUN/\R>C.21



SPIR-V &%

OpTypelnt

Declare a new integer type.

Width specifies how many bits wide the type is. Width is an unsigned 32-hit integer. The bit pattern of a signed
integer value is two's complement.

Signedness specifies whether there are signed semantics lo preserve or validate.

0 indicates unsigned, or no signedness semanlics

1 indicates signed semantics.

In all cases, the type of operation of an instruction comes from the instruction’s opcode, not the signedness of
the operands.

A 21

Result <id> I Literal Literal
| Width Signedness

%6 = OpTypelnt 32 0

LUN/\R>G.22



SPIR-V 5

OpTypelnt

Declare a new integer type.

Width specifies how many bits wide the type is. Width is an unsigned 32-hit integer. The bit pattern of a signed
integer value is two's complement.

Signedness specifies whether there are signed semantics lo preserve or validate.

0 indicates unsigned, or no signedness semanlics

1 indicates signed semantics.

In all cases, the type of operation of an instruction comes from the instruction’s opcode, not the signedness of
the operands.

esult <id> i Literal Literal
| Width Signedness

%6 = OpTypelnt 32 0
0x00040015

21 (0x15)
% [F4dwords OpTypelnt

Opcode T3 . J/\R)C.ZS




SPIR-V @i §y

OpTypelnt

Declare a new integer type.

Width specifies how many bits wide the type is. Width is an unsigned 32-bit integer. The bit pattern of a signed
integer value is two's complement.

Signedness specifies whether there are signed semantics lo preserve or validate.

0 indicates unsigned, or no signedness semanlics

1 indicates signed semantics.

In all cases, the type of operation of an instruction comes from the instruction's opcode, not the signedness of
the operands.

Result <id> | Literal Literal
- } Width Signedness
%6 = OpTypelnt 32 0
0x00000006

Result <id>

_V.J/\R>C..24



SPIR-V @i §y

OpTypelnt

Declare a new integer type.

Width specifies how many bits wide the type is. Width is an unsigned 32-bit integer. The bit pattern of a signed
integer value is two's complement.

Signedness specifies whether there are signed semantics lo preserve or validate.

0 indicates unsigned, or no signedness semanlics

1 indicates signed semantics.

In all cases, the type of operation of an instruction comes from the instruction's opcode, not the signedness of
the operands.
4

21 Result <id> Literal

Signedness

%6 = OpTypelnt 32 0
0x00000020 0x00000000

Width (1&) signedness
\\‘\ AT K i =ﬂ
32t JFEA (ﬂ’?ll\\l—/) . J/\Rx25




SPIR-V 13

A AN
N7

OpTypelnt
Declare a new integer type.

Width specifies how many bits wide the type is. Width is an unsigned 32-hit integer. The bit pattern of a signed
integer value is two's complement.

Signedness specifies whether there are signed semantlics Lo preserve or validate.

0 indicates unsigned, or no signedness semanlics

1 indicates signed semantics.

In all cases, the type of operation of an instruction comes from the instruction’s opcode, not the signedness of
the operands.

Result <id> Literal Literal
| Width Signedness

4 21

%6 = OpTypelnt 32 0

0x00040015 0x00000006 0x00000020 0x00000000

fn 5 [Z4dwords

5 T21 fO:(!)S) I | F— Width (1#) signedness
PTypelnt Opcode EVhEY || (HEEL)

_V.J/\R>C..26



SPIR-V #5%

OpLoad

Load through a pointer.

OpTypeRuntimeArray types.

Result Type.

specifying the memory operand None.

Result Type is the type of the loaded object. It must be a type with fixed size; i.e., it cannot be, nor include, any

Pointer is the pointer to load through. Its type must be an OpTypePointer whose Type operand is the same as

If present, any Memory Operands must begin with a memory operand literal. If not present, it is the same as

4 + variable

Operand[1] = Result Type ID
Operand[2] = Result 1D

7N
Result <id> <id>
Pointer
Y048

Optional
Memory Operands

LUN/\R)GZ?



32 bits

SPIR-V D&

e 32Ewhwords [Z#:<

Word O

Word 1

LUN/\R)G%



SPIR-V D1&EiE

&% 5 words [ZAYA —TY

32 bits

XY IF I IN—

SPIR-V /\—Y3>

FEWRES (B glslang)

INAUEENTNVS ID O

F

Word 0

Word 1

LUN/\R>C.29



32 bits

SPIR-V D&

o EUM words XA ETY

XTI FIN— Word 0

SPIR-V /\—2 3> Word 1
FEWRES (B glslang)
INAURENTLNS ID D
T

OpCapability Shader

OpEntryPoint GLCompute %3 "main"

%1 = OpTypeVoid

OpFunctionEnd
LUN/\R)C.BO



SPIR-V D&

o 5

o TNEN.HABFEDHRIZITMNEEFRISNTHET,
o spirv-val [EENDELE-TWSSHEIZESLET

LUN/\R)C.31



Mode Setting (E—FEXE) T—FEE

Module®D /\A LN )JL73 5
Entrypoint (T kJ)—RA 1)
YLaRIEBECHEBE R

Memory model (A E!)ETIL)

o Logical vs Physical
e Execution mode (ETE—F)
o Ex. OriginUpperLeft vs OriginLowerLeft

LUI\I/\R>C.32



ACZAL

o KHDAHI
e SPIR-VDY—X
o TNVITDY—IVIFFENET

7130 1R

LUN/\R)C.33



Annotations GEIR)

e DecorationsIZiEALET

O O O O

SEOBTDI=HDIER

RelaxedPrecision
ArrayStride
NonWritable
NonReadable

713 1

R

LUN/\R>C.34



J:Iﬂ_J

X%

ﬁ#
32

. E%
IEEETS

OpTypelnt, OpTypeStruct, OpTypeSampler, etc
ARA—DI—RADEHEEETH

o YI—4—DOMIAHNTY
TARD) TR (=T —L, A=A A= 11 E)

o I

(@)

TE &8
HRRAE T 4

O

7130 1R

R

LUN/\R)C.35



* ) E—KREFE
F;'g ﬁ&j ] “Jb %E
o ODYINFELET DGR o
o AT, KNS D, EE, YT T ERATALE:

ER
BE#IOvy

LUN/\R)C.%



JO0vOEERET D

o LLVMERILEAA
BHEHT OV
o ¥ TOVHIITAVIEEDIENTES
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_—
%4 = OpFunction %2 None %3
Label 42

[Selection Header 42]

%5 = OpLabel

%27 = OpAccessChain %26 %21 %23
%628 = OpLoad %6 %27

OpStore %25 %28

%30 = OpAccessChain %626 %21 %24
%31 = OpLoad %6 %30
OpStore %29 %31

%32 = OpFunctionCall %6
OpStore %18 %32

%33 = OpLoad %6 %18
%36 = OpFOrdGreaterThan %35 %33 %34
OpSelectionMerge %38 None
OpBranchConditional %36 %37 %42

%11 %25 %29

%37 = OpLabel
%41 = OpAccessChain %26 %21 %39

add(in a, in b); Opsranen 35
‘ s ==
if (c > 0.0) {

%42 = OpLabel
%44 = OpAccessChain %26 %21 %39

out data = 1.0;
} else {
out data

[Return 66] [Selection Merge 42]

%38 = OpLabel
OpReturn

OpFunctionEnd

%11 = OpFunction %6 None %8
9 = OpFunctionParameter %7
910 = OpFunctionParameter %7

[Return 72]

%12 = OpLabel

%13 = OpLoad %6 %9

14 = OpLoad %6 %10
%15 = OpFAdd %6 %13 %14
OpReturnValue %15

OpFunctionEnd

AR



add(float a,
return a + b;

%11 = OpFunction %6 None %8
%9 = OpFunctionParameter %7
%10 = OpFunctionParameter %7

[Return 72]
' %12 = OpLabel
%13 = OpLoad %6 %9
%14 = OpLoad %6 %10
%15 = OpFAdd %6 %13 %14
OpReturnValue %15

OpFunctionEnd

LUN/\R)C.39



add(float a,
return a + b;

Function 69

#7L U Function Block |
*TEETH

%11 = OpFunction %6 None %8

%10 = OpFunctionParameter %7

[Return 72]
' %12 = OpLabel
%13 = OpLoad %6 %9
%14 = OpLoad %6 %10
%15 = OpFAdd %6 %13 %14
OpReturnValue %15

OpFunctionEnd

LUN/\R)C.40



add(float a,
return a + b;

%11 = OpFunction %6 None %8
%9 = OpFunctionParameter %7
%10 = OpFunctionParameter %7

[Return 72]
' %12 = OpLabel
%13 = OpLoad %6 %9
%14 = OpLoad %6 %10
%15 = OpFAdd %6 %13 %14
(AN a - n 0/

/1 OpFunctionEnd

[Function Block |Z#& T35

LUN/\R)C.41



add(float a,
return a + b;

%11 = OpFunction %6 None %8
%9 = OpFunctionParameter %7
%10 = OpFunctionParameter %7

Label 72

[Ratus
%12 = OpLabel

#LUL\Block1ZEEY 5

%15 = OpFAdd %6 %13 %14
OpReturnValue %15

OpFunctionEnd

LUN/\R)C.42



add(float a,
return a + b;

%11 = OpFunction %6 None %8
%9 = OpFunctionParameter %7
%10 = OpFunctionParameter %7

[Return 72]

%12 = OpLabel

%13 = OpLoad %6 %9
%14 = OpLoad %6 %10

[ Block|Z#¥ T35

OpFunctionEnd

LUN/\R)C.43



. Functonar |
%4 = OpFunction %2 None %3

[Selection Header 42]
%5 = OpLabel
%18 = OpVariable %7 Function
%25 = OpVariable %7 Function
%29 = OpVariable %7 Function
%27 = OpAccessChain %26 %21 %23
%28 = OpLoad %6 %27
OpStore %25 %28
%30 = OpAccessChain %26 %21 %24
%31 = OpLoad %6 %30

OpStore %29 %31 float c add(in
0632 = OpFunctionCall %6 %11 %25 %29 =
OpStore %18 %32 (c > 0.0)

%33 = OpLoad %6 %18

%36 = OpFOrdGreaterThan %35 %33 %34 out data
OpSelectionMerge %38 None 1 [
OpBranchConditional %36 %37 %42 } else {

Label 58

out data

%37 = OpLabel

%41 = OpAccessChain %26 %21 %39
OpStore %41 %40

OpBranch %38

%42 = OpLabel

%44 = OpAccessChain %26 %21 %39
OpStore %44 %43

OpBranch %38

Label 66

[Return 66] [Selection Merge 42]
%38 = OpLabel

OpReturn
A LUNA R>C.44

OpFunctionEnd




. Functonar |
%4 = OpFunction %2 None %3

[Selection Header 42]
%5 = OpLabel
%18 = OpVariable %7 Functio
%25 = OpVariable %7 Function
%29 = OpVariable %7 Function
%27 = OpAccessChain %26 %21 %23
%28 = OpLoad %6 %27
OpStore %25 %28
%30 = OpAccessChain %26 %21 %24
%31 = OpLoad %6 %30

\\ SPOIC R float ¢ = add(in
BE#MEEUOET - 0632 = OpFunctionCall %6 %11 %25 %29 , 2T =
P A = lf (C > @.0>
%33 = OpLoad %6 %18 d
%36 = OpFOrdGreaterThan %35 %33 %34 out data
OpSelectionMerge %38 None 1 [
OpBranchConditional %36 %37 %42 } else {

Label 58

out data

%37 = OpLabel

%41 = OpAccessChain %26 %21 %39
OpStore %41 %40

OpBranch %38

%42 = OpLabel

%44 = OpAccessChain %26 %21 %39
OpStore %44 %43

OpBranch %38

Label 66

[Return 66] [Selection Merge 42]
%38 = OpLabel

OpReturn 45
OpFunctionEnd |_ U N /\ Rﬁ




. Functonar |
%4 = OpFunction %2 None %3
e ———— e — ] ]
[Selection Header 42]
%5 = OpLabel
%18 = OpVariable %7 Functio
%25 = OpVariable %7 Function
%29 = OpVariable %7 Function
%27 = OpAccessChain %26 %21 %23
%28 = OpLoad %6 %27
OpStore %25 %28
%30 = OpAccessChain %26 %21 %24
%31 = OpLoad %6 %30 )
OpStore %29 %31 fl e add(in
%32 = OpFunctionCall %6 %11 %25 %29 y ;
OpStore %18 %32 if (€ > 0.9) {
%33 = OpLoad %6 %18
_ out data =
avbA—LIO0—%2EE e e =
% e 1L D } else {
out data

Label 58

%37 = OpLabel

%41 = OpAccessChain %26 %21 %39
OpStore %41 %40

OpBranch %38

%42 = OpLabel

%44 = OpAccessChain %26 %21 %39
OpStore %44 %43

OpBranch %38

Label 66

[Return 66] [Selection Merge 42]
%38 = OpLabel

OpReturn i
OpFunctionEnd |_ U N /\ Rﬁ




. Functonar |
%4 = OpFunction %2 None %3
e ———— e — ] ]
[Selection Header 42]
%5 = OpLabel
%18 = OpVariable %7 Functio
%25 = OpVariable %7 Function
%29 = OpVariable %7 Function
%27 = OpAccessChain %26 %21 %23
%28 = OpLoad %6 %27
OpStore %25 %28
%30 = OpAccessChain %26 %21 %24
%31 = OpLoad %6 %30 )
OpStore %29 %31 fl e add(in
%32 = OpFunctionCall %6 %11 %25 %29 y ;
OpStore %18 %32 if (€ > 0.9) {
%33 = OpLoad %6 %18
_ out data =
avbA—LIO0—%2EE e e =
% e 1L D } else {
out data

Label 58

%37 = OpLabel

%41 = OpAccessChain %26 %21 %39
OpStore %41 %40

OpBranch %38

Label 62

%42 = OpLabel
%44 = OpAccessChain %26 %21 %39

OpStore %44 %43
OpBranch %38

avkO—)LO0—m~N—
<% Block 35

%38 = OpLabel

ongm

OpFunctionEnd LUNA RX|47




. Functonar |
%4 = OpFunction %2 None %3
[Selection Header 42]
%5 = OpLabel
%18 = OpVariable %7 Functio
%25 = OpVariable %7 Function
%29 = OpVariable %7 Function
%27 = OpAccessChain %26 %21 %23
%28 = OpLoad %6 %27
OpStore %25 %28
%30 = OpAccessChain %26 %21 %24
%31 = OpLoad %6 %30 )
OpStore %29 %31 fl e add(in
%32 = OpFunctionCall %6 %11 %25 %29 : : =
OpStore %18 %32 if (€ > 0.9) {
%33 = OpLoad %6 %18 _
L %36 = OpFOrdGreaterThan %35 %33 %34 out data =
FHAETRIZITSG ' e 1 else {

EiRDD _— OpBranchConditional %36 %37 %42 5 1
jss | out data

%37 = OpLabel

%41 = OpAccessChain %26 %21 %39
OpStore %41 %40

OpBranch %38

%42 = OpLabel

%44 = OpAccessChain %26 %21 %39
OpStore %44 %43

OpBranch %38

Label 66

[Return 66] [Selection Merge 42]
%38 = OpLabel

OpReturn 48
OpFunctionEnd |_ U N /\ Rﬁ




. Functonar |
%4 = OpFunction %2 None %3
[Selection Header 42]
%5 = OpLabel
%18 = OpVariable %7 Function
%25 = OpVariable %7 Function
%29 = OpVariable %7 Function
%27 = OpAccessChain %26 %21 %23
%28 = OpLoad %6 %27
OpStore %25 %28
%30 = OpAccessChain %26 %21 %24
%31 = OpLoad %6 %30
OpStore %29 %31 add(in a, in b);
%32 = OpFunctionCall %6 %11 %25 %29 y : == ==
OpStore %18 %32 L= 020
%33 = OpLoad %6 %18 .
~ e i = %36 = OpFOrdGreaterThan %35 %33 %34 out _data = 1.0;
FHMAETRIZITOEA e 1 else {
EiRDD _— OpBranchConditional %36 %37 %42 5 1
out data

%37 = OpLabel
OpStore %41 %40
OpBranch %38

%42 = OpLabel

P wuT oo T JUe U Tl TOoY

OpStore %44 %43
OpBranch %38

Label 66

[Return 66] [Selection Merge 42]
%38 = OpLabel

OpReturn 40
OpFunctionEnd |_ U N /\ Rﬁ




. Functonar |
%4 = OpFunction %2 None %3

[Selection Header 42]
%5 = OpLabel
%18 = OpVariable %7 Function
%25 = OpVariable %7 Function
%29 = OpVariable %7 Function
%27 = OpAccessChain %26 %21 %23
%28 = OpLoad %6 %27
OpStore %25 %28
%30 = OpAccessChain %26 %21 %24
%31 = OpLoad %6 %30

OpStore %29 %31 l t ¢ = add(in a, in b);
%32 = OpFunctionCall %6 %11 %25 %29 , e — =
OpStore %18 %32 if (c > 0.0)

0433 = OpLoad %6 %18 )

%36 = OpFOrdGreaterThan %35 %33 %34 ou t_d ata 1.0;
OpSelectionMerge %38 None 1 [

OpBranchConditional %36 %37 %42 } else {

out data

%37 = OpLabel
%41 = OpAccessChain %26 %21 %39

ObBranch %38
Block A "Fall Through"Z &IE7: %42 = OpLabel
LY %44 = OpAccessChain %26 %21 %39
VP\)lUIC TUSSs UV
OpBranch %38

[Return 66] [Selection Merge 42]
%38 = OpLabel

OpReturn -
OpFunctionEnd |_ U N /\ Rﬁ




SPIR-V/\AF1) D EEHT

id parseModule (uint32 t* pCode, uint32 t codeSize) {
: t offset = 5;
while(offset < codeSize) {

ui t instruction = pCodeloffset];

length = instruction >> 16;

opcode instruction & OxOffffu;

offset += length;

LUN/\R)C.51



SPIR-V/\AF1) D EEHT

t codeSize) {

ze) {
t instruction = pCode[offset];
length = instruction >> 16;
opcode instruction & OxOffffu;

offset += length;

LUN/\R)C.SZ



SPIR-V/\AF1) D EEHT

)id parseModule (uint32 t uint32 t codeSize) {
| t offset

= instruction >> 16;
opcode instruction & OxOffffu;

offset += length;

LUI\J/\R)C.S3



SPIR-V/\AF) D&

void parseModule (uint32 t* pCode, uint32 t codeSize) {

uint32 t offset = 5;
while(offset < codeSize) {
1int32 t instruction =

pCode|[offset];

instruction >> 16;
T opcode

offset += length;
.
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SPIR-V/\AF1) D EEHT

)id parseModule (uint32 t* pCode, uint32 t codeSize) {
Ui t offset = 5;
while(offset < codeSize) {

1int32 t instruction pCode|[offset];

offset += length;

LUN/\R)C.SS



YhaRdan R vk
o SPIRVMWT7YU/RTA4YITHAZEERREIZLET,

o ELAIFICHLTEGZDIN—IERLRT DEE
o f)sin() BB D¥ERE
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)
X

{

sin(data);

https://reqistry.khronos.orq/SPIR-V/specs/unified1/GLSL.std.450.pdf

Sin

The standard trigonometric sine of x radians.

The operand x must be a scalar or vector whose component type is 16-bit or 32-bit floating-point.

Result Type and the type of x must be the same type. Results are computed per component.

13

<id>
X
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https://registry.khronos.org/SPIR-V/specs/unified1/GLSL.std.450.pdf

{

)
X = sin(data);

%1 = OpExtinstimport "GLSL .std.450"
v

%17 = OpExtinst %6 %1 Sin %16

Sin

The standard trigonometric sine of x radians.

The operand x must be a scalar or vector whose component type is 16-bit or 32-bit floating-point.

Result Type and the type of x must be the same type. Results are computed per component.

13

<id>
X
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{

)
X = sin(data);

%1 = OpExtinstimport "GLSL .std.450"
v

%17 = OpExtinst %6 %1 Sin %16

fE: 13/ \

<id> x

Sin

The standard trigonometric sine of x radians.

The operand x must be a scalar or vector whose component type is 16-bit or 32-bit floating-point.

Result Type and the type of x must be the same type. Results are computed per component.

13

<id>
X
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Entry Point, Execution Model, and Execution Mode
e Module == SPIR-VD 771 )L

o #EHEntry PointsTEEY
e Model vs Mode - BY LTS, [E T+ TS0
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Entry Point, Execution Model, and Execution Mode

e Module®F THEEENtry PointsTEF T

float foo(float bar) {
return bar / 2.0;

}

void vertex_main() {
// set RoundingModeRTE
f00(3.0);

3

void fragment_main() {
// set RoundingModeRTZ
f00(3.0),

LUN/\R)GGZ



Entry Point, Execution Model, and Execution Mode

e ModuleDH TEEENtry PointsTEF T

float foo(float bar) {
return bar / 2.0;

OpEntryPoint Vertex %v_main "vertex_main" %vert_out
OpEntryPoint Fragment %f_main "fragment_main"

} OpExecutionMode %v_main RoundingModeRTE 32
OpExecutionMode %f_main RoundingModeRTZ 32

void vertex_main() { 7/

// set RoundingModeRTE %foo = OpFunction %float None %1

T00(3.0); %bar = OpFunctionParameter %ptr_float
3 %2 = OpLabel

%3 = OplLoad %fTloat %bar

void fragment _main() { %4 = OpFDiv %float %3 %float_ 2

// set RoundingModeRTZ OpReturnValue %4

foo(3.9); OpFunctionEnd

LUN/\R)G.Gs



Entry Point, Execution Model, and Execution Mode

e Execution ModellZBEE%.9 S

float foo(float bar) { OpEntryPoinfl] Vertex %v_main "Wertex_main" %vert_out
return bar / 2.0;

OpEntryPoin{§ Fragment %f_mainf'fragment_main"
} OpExecution m gModeRTE 32
OpExecutionMode %f_main RoundingModeRTZ 32
void vertex_main() { 7/
// set RoundingModeRTE %foo = OpFunction %float None %1
T00(3.0); %bar = OpFunctionParameter %ptr_float
3 %2 = OpLabel
%3 = OplLoad %fTloat %bar
void fragment _main() { %4 = OpFDiv %float %3 %float_2
// set RoundingModeRTZ OpReturnValue %4
foo(3.0); OpFunctionEnd

LUN/\R)C..64



Entry Point, Execution Model, and Execution Mode

e Execution ModelXEntry Point Tl A <BEIERINET

float foo(float bar) {

OpEntryPoint Vertex %v_main "vertex_main" %vert_out
return bar / 2.0; o o

OpExecutionMode %v_main RoundingModeRTE 32
OpExecutionMode %f_main RoundingModeRTZ 32

}

void vertex_main() {

// set RoundingModeRTE %foo = OpFunction %float None %1
T00(3.0); %bar = OpFunctionParameter %ptr_float
3 %2 = OpLabel
%3 = OplLoad %fTloat %bar
void fragment _main() { %4 = OpFDiv %float %3 %float_ 2
// set RoundingModeRTZ OpReturnvValue %4
f00(3.0);

OpFunctionEnd

LUN/\R>C.65
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e OpTlype*
o BEMFERALT. KUYKELERZIEMTEET
e ModuleZ2ATHEINABEZ—ETETET D
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HH

- mat3x2
ERILC
o vec2
o vec2
o vec2
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B - mat3x2

o %float = OpTypeFloat 32

LUN/\R>C.68



B - mat3x2

o %float = OpTypeFloat 32
o %vVv2float = OpTypeVector %float 2

LUN/\R>C.69



B - mat3x2

%float = OpTypeFloat 32
%v2float = OpTypeVector %float 2
e %mat3v2float = OpTypeMatrix %v2float 3

LUN/\R)G?O



B - mat3x2

%float = OpTypeFloat 32

%v2float = OpTypeVector %float 2
%mat3v2float = OpTypeMatrix %v2float 3
%ptr = OpTypePointer Input %mat3v2float

LUN/\R)C.71
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.<i._ -

ruct myStruct

1nt a;

float b;
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£ - fEiE

e %int = OpTypelnt 32 1
o %float = OpTypeFloat 32

struct myStruct

LUN/\R)C.73



£ - fEiE

%int = OpTypelnt 32 1
%float = OpTypeFloat 32
e %myStruct = OpTypeStruct %int %float %int

struct myStruct {

LUN/\R)C.74



Access Chains (7 7tZAXAFxz—)

o ZHD—FIT VLRI LH-HIZFERTS
o EHENLEITVERIDIEHITHS,
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Access Chain

bl21.z = 0.061;
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Access Chain
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Access Chain

%20 = prccessChain %19 %13 %15 %16 %18

bl21.z = 0.061;

LUN/\R)C.78



Access Chain

%6 = OpTypeFloat
32

%19 = OpTypePointer
Uniform
%6

Result Type (§EEDHE)

%20 = 6pAccessChai )13 %15 %16 %18
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Access Chain

%11 = OpTypeStruct
%6

%6 Base object

%20 = f)pAccessChain %1 h15 %16 %18

LUN/\R)G.SO



Access Chain

%14 = OpTypelnt %14 = OpTypelnt
32 32
1 1

9615 = OpConstant 916 = OpConstant
%14 %14

1 2

%8 = OpTypeint
32
0

%9618 = OpConstant
%8

2

Indexes (& 51)

20 = (')pAccessChain %19 %13%15 %16 %18
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BaE
Access Chain |

%20 = OpAccessChain %19 %1312 2

bl21.z = 0.061;

LUN/\R)C.S2



BaE
Access Chain |

%20 = OpAccessChain %19 %1312 2

BEARDAOTYIX
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Access Chain |
%20 = OpAccessChain %19 %1312 2

BEARDAOTYIX

BRIDATIIAR2

LUN/\R>C.84



BaE
Access Chain |

%20 = OpAccessChain %19 %1312 2

BEARDAOTYIX

BRIDATIIAR2

RIRIL DATIIR2
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Access Chain

e %20 = 0OpAccessChain %19 %13 %15 %16 %18
e OpStore %20 %float_0

bl21.z = 0.061;

LUN/\R)C.SG






