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How to not be Scared of SPIR-V

Spencer Fricke, LunarG



● Technical Lead of Validation Layers

○ Wrote most of the runtime SPIR-V Validation

● Have added a lot code to spirv-val (SPIRV-Tools)

● Wrote/Maintain SPIR-V Visualizer

● Wrote/Maintain SPIR-V Guide

● Help (sorry if slow) maintain SPIRV-Reflect

● Got SPIR-V added to Compiler Explorer (godbolt)

Who is Spencer
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aka
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I will probably fix your SPIR-V tooling if you nerd snipe me
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Raise your hand if you have heard of SPIR-V



The CPU world with LLVM
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The CPU world with LLVM
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The GPU world with SPIR-V
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The GPU world with SPIR-V
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The GPU world with SPIR-V
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GLSL

HLSL

Slang

SPIR-V

Nvidia ISA

AMD ISA

Intel ISA
This is an IR,
not an API
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Why did I want to give this talk?



Distribution Curve of Attendance
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New to Vulkan Vulkan Expert
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Distribution Curve of Attendance
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Distribution Curve of Attendance
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New to SPIR-V SPIR-V Expert
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Main 3 types of people using SPIR-V

● glslang
● dxc
● slang

Code generators

WRITES
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Main 3 types of people using SPIR-V

● glslang
● dxc
● slang

Code generators

WRITES

● NIR/LLVM devs

Vendor 
Compiler

READS

● Validation
● RenderDoc

Tooling

READ/WRITE



Distribution Curve of Attendance
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New to SPIR-V SPIR-V Expert
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“Why should I care about SPIR-V?”
(I just use SPIRV-Reflect anyway)

(Vulkan dev)



● Shading languages can have bugs!

● You might want something that SPIRV-Reflect doesn’t offer

○ Or don’t want another dependency 

● You don’t want to be at the mercy of a LLM when something is 

going wrong

Why care about SPIR-V?
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“but Spencer… I’m a graphics developer, 
not a compiler developer”

(Vulkan dev)
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Welcome to University of Spencer’s compiler course

Will teach you all you need to know compilers for this talk



● Just a way to represent instructions

● Always create a new and unique result ID

● Many optimizations are easier in this form

Chapter 1 - SSA (Static Single Assignment)
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Classic example
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Classic example
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          OpStore  %a %int_0
          OpStore  %b %int_0
%13 = OpLoad  %int %a
%14 = OpIAdd   %int %13 %int_3
           OpStore  %a %14
%15 = OpLoad   %int %b
%16 = OpLoad   %int %a
%17 = OpIAdd    %int %16 %15
           OpStore  %a %17
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Classic example
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          OpStore  %a %int_0
          OpStore  %b %int_0
%13 = OpLoad  %int %a
%14 = OpIAdd   %int %13 %int_3
           OpStore  %a %14
%15 = OpLoad   %int %b
%16 = OpLoad   %int %a
%17 = OpIAdd    %int %16 %15
           OpStore  %a %172 loads of the same 

variable, but 2 unique IDs



Classic example
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%13 = OpLoad  %int %a

Why are some numbers and some letters?



● The name can be just about anything
○ %result
○ %1
○ %2
○ %3
○ %foo_bar

Why are some numbers and some names?
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YOU ALL GRADUATED!!

You can all now understand SPIR-V



I lied, there is a final exam!
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Programmatically detect if your SPIR-V does 
8-bit, 16-bit, 32-bit, or 64-bit adds



Programmatically detect if your SPIR-V does 
8-bit, 16-bit, 32-bit, or 64-bit adds
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Why?
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1. This is a real problem I’ve seen someone want to solve

2. It will be simple to show the code on a slide

Programmatically detect if your SPIR-V does 
8-bit, 16-bit, 32-bit, or 64-bit adds
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“Fine… how do I get started?

(Vulkan dev)



● Core set of tools
● Binaries found in the Vulkan SDK

SPIRV-Tools
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Two most basic command line tools

Assembler and Disassembler
         (spirv-as)                        (spirv-dis)
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● SPIR-V is a binary format

○ So you can use a hex editor if you really want…

● View in a text based format

○ Also known as “Disassembled SPIR-V”

“Viewing” SPIR-V
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spirv-dis
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spirv-dis glslang -H
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spirv-dis glslang -H



● There is a spec how the binary format is laid out

● Every tool can represent SPIR-V how they want

● Reality - most people just follow what spirv-as consumes

No “official” disassembly 

48



● Web based way to view SPIR-V

● Front end only, can easily run offline

● Repo: https://github.com/KhronosGroup/SPIRV-Visualizer

● Live link: https://www.khronos.org/spirv/visualizer/

SPIRV-Visualizer
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https://github.com/KhronosGroup/SPIRV-Visualizer
https://www.khronos.org/spirv/visualizer/
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● Amazing tool to map SPIR-V back to GLSL/HLSL/MSL
○ Thanks Hans Kristian!

● Great way to grasp what the SPIR-V is trying to do

SPIRV-Cross
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● Has SPIR-V as an input
● Can see how GLSL/HLSL/Slang generate SPIR-V

Compiler Explorer (godbolt)
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Validating your SPIR-V
( 3 Levels )
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● spirv-val

○ Found in SPIRV-Tools

● Detects invalid/ill-formed SPIR-V

○ Using a float instead of an int

○ SSA is incorrect

Level 1 - “standalone” validation
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● spirv-val

○ Found in SPIRV-Tools

● Detects invalid/ill-formed SPIR-V

○ Using a float instead of an int

○ SSA is incorrect

Level 1 - “standalone” validation
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Note: Validation Layers already calls spirv-val for you!



● Vulkan-Validation Layers 

● Detects on the CPU still

○ Features are supported

○ Descriptors match the shader

Level 2 - “runtime” validaiton

65



Capabilities
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● Think “feature” bit in Vulkan

● Way to declare requirement for the SPIR-V



Capabilities - Example
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OpTraceRayKHRNew instruction:



Capabilities - Example
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OpCapability RayTracingKHR

OpTraceRayKHRNew instruction:

SPIR-V Capability:

Now the SPIR-V is valid, but can your GPU support it?



Capabilities - Example
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OpCapability RayTracingKHR

OpTraceRayKHRNew instruction:

SPIR-V Capability:

Vulkan feature:



● Requires GPU Assisted Validation (GPU-AV)

● Validate SPIR-V when executed on the GPU

● See my Shading Languages Symposium later this week for more details!

Level 3 - GPU Runtime Validation
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Number 1 mistake seen from people using validation:
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VERSIONS

Number 1 mistake seen from people using validation:
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● SPIR-V 1.0  -  Vulkan 1.0

● SPIR-V 1.1

● SPIR-V 1.2

● SPIR-V 1.3  -  Vulkan 1.1

● SPIR-V 1.4

● SPIR-V 1.5  -  Vulkan 1.2

● SPIR-V 1.6  -  Vulkan 1.3+

Versions
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--target-env vulkan 1.1 ❌
--target-env vulkan 1.2 ✅

--target-env vulkan 1.1 ✅
--target-env vulkan 1.2 ❌

● In Vulkan 1.1, only Input/Output interface variables allowed
● In Vulkan 1.2, all variables are required in the interface
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--target-env vulkan 1.1 ❌
--target-env vulkan 1.2 ✅

--target-env vulkan 1.1 ✅
--target-env vulkan 1.2 ❌

● In Vulkan 1.1, only Input/Output interface variables allowed
● In Vulkan 1.2, all variables are required in the interface



Make sure to provide the correct version when 
generating your SPIR-V from your shading language!

(Default for glslang is version 1.0)

What you need to remember
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How to detect which version you have
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“When I look at SPIR-V disassembly, I get lost…”
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(Vulkan dev)
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Settings / Metadata

High level details about the module
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Settings / Metadata

ID of function to start

Name mapped in Vulkan

High level details about the module
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Debug Information

Optional, useful for debugging
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Types, Constants, and Global Variables

Things that only need to be defined once
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Functions and Blocks

The rest of the module is the code that is “executed”
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Functions and Blocks

The rest of the module is the code that is “executed”

Wait, what function?
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Functions always start with OpFunction
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Functions always start with OpFunction

… and end with OpFunctionEnd
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Every function is made up of “blocks”
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Wait, what is a block?

Every function is made up of “blocks”



Control Flow!
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Any code that starts execution in block is guaranteed to reach the end.
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Blocks start with a label
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Declare Control Flow



101

Which Block the 
Control Flow merges
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Conditional decides 
where to go next

%36 is a OpTypeBool
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if %36 == true

if %36 == false
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Blocks always terminate

Never just “fall through”



“Ok, let me look at other code to 
understand how they use SPIR-V”
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(Vulkan dev)
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Trust me, it’s not actually scary!
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%6 = OpTypeInt 32 0
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%6 = OpTypeInt 32 0

result id
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%6 = OpTypeInt 32 0

result id

opcode
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%6 = OpTypeInt 32 0

result id

opcode

operands
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https://registry.khronos.org/SPIR-V/specs/unified1/SPIRV.html#OpTypeInt

https://registry.khronos.org/SPIR-V/specs/unified1/SPIRV.html#OpTypeInt
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https://registry.khronos.org/SPIR-V/specs/unified1/SPIRV.html#OpTypeInt

https://registry.khronos.org/SPIR-V/specs/unified1/SPIRV.html#OpTypeInt
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https://registry.khronos.org/SPIR-V/specs/unified1/SPIRV.html#OpTypeInt

Word(0) Word(1) Word(2) Word(3)

https://registry.khronos.org/SPIR-V/specs/unified1/SPIRV.html#OpTypeInt
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%6 = OpTypeInt 32 0
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%6 = OpTypeInt 32 0

0x00040015 

 

0x00000006 0x00000020 0x00000000
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%6 = OpTypeInt 32 0

0x00040015 

 

0x00000006 0x00000020 0x00000000

Instruction is 4 dwords long
(every instruction has a different length)
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%6 = OpTypeInt 32 0

0x00040015 

 

0x00000006 0x00000020 0x00000000

21 (0x15) is OpTypeInt opcode
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%6 = OpTypeInt 32 0

0x00040015 

 

0x00000006 0x00000020 0x00000000

SSA ID for the Result
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%6 = OpTypeInt 32 0

0x00040015 

 

0x00000006 0x00000020 0x00000000

Width
(32 bit)

Signedness
(unsigned)
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%6 = OpTypeInt 32 0

0x00040015 

 

0x00000006 0x00000020 0x00000000

<id> Literal
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%6 = OpTypeInt 32 0

0x00040015 

 

0x00000006 0x00000020 0x00000000

<id> Literal
id is just a unique, arbitrary value

(used to reference later in the SSA)



“Ok, I’m ready for the exam”

124
(Vulkan dev)
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Programmatically detect if your SPIR-V does 
8-bit, 16-bit, 32-bit, or 64-bit adds
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SPIR-V Version

Generator number (ex. glslang)

How many IDs are bound

reserved

Magic Number

32 bits

Word 0

Word 1

Word 2

Word 3

Word 4
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These 6 lines of code successfully will 
loop the entire SPIR-V … not too scary
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?



141



142



143



144



145



146



147



148



149



150



151



152



153



154



155

Vulkan 
Dev

Vulkan 
Dev

30 minutes ago now



● Find me after in the hallway and tell me you experiences using SPIR-V

○ Was it painful? Why?

○ Tools you wish was out there?

● How could we make SPIR-V less scary?

● Feel free to message me on the Khronos Discord/Slack as well!

Final ask
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Bonus speed round!

157



Bonus speed round!
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Things I think are important to know, 
but didn’t fit in the slides anywhere!



Bonus speed round!
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Things I think are important to know, 
but didn’t fit in the slides anywhere!



● JSON file found in the SPIR-V Headers
○ https://github.com/KhronosGroup/SPIRV-Headers/blob/main/include/spirv/unified1/spirv.core.grammar.json

● Spec and instructions “source of truth”

● Equivalent to Vulkan’s vk.xml

● No reason to look, but good to be aware

SPIR-V Grammar
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https://github.com/KhronosGroup/SPIRV-Headers/blob/main/include/spirv/unified1/spirv.core.grammar.json
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Client API SPIR-V “term”

OpenCL Kernel

Vulkan Shader



● Model = shader stage

○ Vertex, Fragment, GLCompute, etc

● Mode = how an entry point executes

○ OriginUpperLeft vs OriginLowerLeft

○ LocalSize 

Execution Model and Execution Mode
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Types
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● Are actually simple and easy!
● Use one type to build another type
● Example: mat3x2

            %float = OpTypeFloat 32

        %v2float = OpTypeVector %float 2

       %mat3v2 = OpTypeMatrix %v2float 3



● LLVM uses unstructured control flow

○ Can represent goto

● SPIR-V uses structured control flow

○ Must know where every branch ends

● Not saying one is “correct” but the difference is a common 

source of pain going between IR

Note for future reference
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spirv-dis --raw-id
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Take the 2026 Vulkan
Ecosystem Survey!

LunarG PresentationsLunarG Presentations

Come to the LunarG Table!
See KosmicKrisp & GFXReconstruct

Thank you -



167


