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Slxlh Edition
hensive Tutorial and Reference

e 40+ Years a Software Developer
o DOS ->16-bit/32-bit Windows (all database stuff) 2
e 30 Years 3D Graphics based - R
o All OpenGL until 2018
e Application Developer at heart
o Astronomy/Vis-Sim/Imaging
o Discovered Apple at Starry Night
o  Windows/macOS/Linux/i0S/Android
e Joined LunarG 6+ years ago
o Part of the Vulkan SDK team at LunarG
o  “Apple Champion” at LunarG
o KosmicKrisp Cheerleader




My Agenda is to show you:

Why you should care about the Apple market

That Vulkan on Apple hardware works great

Why KosmicKrisp may work for you

How to get & use KosmicKrisp

How to support the widest range of Apple hardware



Don’t ighore the Apple market!

e There are 156 billion people actively using an iPhone and about
700 million with iPads.
(27%-28% vs 71%~-73%)

e There are over 500 million people on Mac laptops/Desktops
(15% vs 70%-22%)

e 235 Billion+ Active devices



Don’t ighore the Apple market!

There are 1.56 billion people actively using an iPhone and about

700 million with 1Pads.
(27%-28% vs 71%-73%)

There are over 500 million people on Mac laptops/Desktops

(15% vs 70%-22%)
2.35 Billion+ Active devices
The Mac Vulkan SDK downloads Rivals/exceeds Linux

LUN/\R)G.



Writing Cross Platform code has
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e Tooling
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Writing Cross Platform code has
challenges

Tooling

Programing languages

All sorts of OS/Device idiosyncrasies

Wouldn't it be nice if you didn’t have to port your rendering
code?
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Writing Cross Platform code has
challenges
Tooling

Programing languages
All sorts of OS/Device idiosyncrasies

Wouldn't it be nice if you didn’t have to port your rendering
code?
e TADA: That's kind of the whole point of Vulkan?

LUN/\R)G.



The State of Vulkan on Apple devices

e No “native” Vulkan driver on mac0S?
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The State of Vulkan on Apple devices

e No “native” Vulkan driver on mac0S?

Your game/app

e We layer Vulkan over Metal instead

o  KosmicKrisp
o MoltenVK ilkan

KosmicKrisp/MoltenVK

N

Metal 4

7

Apple Silicon
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The State of Vulkan on Apple devices

e No “native” Vulkan driver on mac0S?

e We layer Vulkan over Metal instead

o  KosmicKrisp
o MoltenVK

e This “driver” is included in your app bundle

S

Your game/app

Vulkan

KosmicKrisp/MoltenVK

N

Metal 4

7

Apple Silicon
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Hot Tips

e Same performance caveats as Metal
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Hot Tips

e Same performance caveats as Metal
e Tile Based Deferred Rendering (TBDR)

o Similar to Qualcomm ARM laptops
o Similar to most Android Devices
o Pretty much exactly like 10S/iPad
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Hot Tips

e Same performance caveats as Metal
e Tile Based Deferred Rendering (TBDR)

o Similar to Qualcomm ARM laptops
o Similar to most Android Devices
o Pretty much exactly like 10S/iPad
e Don'tinterleave compute and graphics
o Switching Metal Encoders is expensive

o See if you can't accomplish what you want in the vertex/fragment
shaders

© Don't assume compute is always a win...
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Hot Tips

e Same performance caveats as Metal
e Tile Based Deferred Rendering (TBDR)

o Similar to Qualcomm ARM laptops
o Similar to most Android Devices
o Pretty much exactly like 10S/iPad
e Don'tinterleave compute and graphics
o Switching Metal Encoders is expensive

o See if you can't accomplish what you want in the vertex/fragment
shaders

o Don't assume compute is always a win...
e Screen Scaling may be a win - you do not have to render at

retina resolutions
LUN/\R)G.
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Why KosmicKrisp?

e Mesa is a much larger community
o Already getting 3rd party PR's
o RenderDoc requires Vulkan conformant implementation
o SO MUCH emulation work 1s already done
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o Already getting 3rd party PR's
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e NIR compiler stack - easier to massage shaders

o Apple hardware consumes MSL

o SPIRV -> MSL becomes much more sane

o NIR is a first party compiler stack - less reliance on 3rd party tools
(SPRIV-CROSS)
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Why KosmicKrisp?

e Mesa is a much larger community
o Already getting 3rd party PR's
o RenderDoc requires Vulkan conformant implementation
o SO MUCH emulation work is already done
e NIR compiler stack - easier to massage shaders
o Apple hardware consumes MSL
o SPIRV -> MSL becomes much more sane
o NIR is a first party compiler stack - less reliance on 3rd party tools
(SPRIV-CROSS)
e Bindless design from the outset

e No more Portability extension...

LUN/\R)G.



KosmicKrisp Roadmap

1.3 conformant now

Part of Mesa 3D - so moving forward quickly
Apple Silicon Only
macOS 26+

Metal 4

3-6 month priority list Uil o o =

o Tessellation/Geometry .. B
o Performance
o 14 Conformance

o Shader objects and descriptor heap EEE A

e Debug features (RenderDoc!) | " e
e 10S support

W=y ’WT ......

e @ § gy




Where do we get these “drivers”*

Included in the
Vulkan SDK
available free at:
vulkan.lunarg.org

26

& sk

= lssues

® Docs

8B Licenses
o Knronos

4 Profie

+ Usage Report
A BugsLite
LunarG

2 users

@ Content

VALVE]

Developed by

LUNARIG

Delivered by

LUNAR
XCHANKGE

richard@lunarg.com ( o

DOWNLOAD DEVELOPER TOOLS FOR

SDK version query and downioad API

0 x64/x86 ) SDK Tarball Version Flle o
Released SHA 256
Version  Flle a Version  File a 14.335.1
Reloasod SHA 256 Roloasd SHA 256 1481, SDK - SDK Installer sotc 0
Weapec 72008
AT e 1wowszzs Vulkansdicmacos-1.4.335.1.2ip (316H5) ]
Latost > SDK - SDK Installer woe O Laost > SDK- SDK Installer weie O pubtc T 0001 o
on Dec 0 2025 s on Dac o 225
o5.Docz0es Yulkansdi-windows-X64-1.4.335.0.exe (290ME) 2115054 (Easiom 050802025 & (265MB) 16:56.48 Eastom
e ————CT o (otospg e A i P T e O
pec 172025
config,json (045) 15243 Easom
> SDK Config - Configjson ot O > SDK Config - Configjson woie 0 L
‘config.json (0M5) s config.json (0V5) radeddiuic
= ‘sancara Tme) > Qt Installer Package Repo - Qt Installer Package Repo e O
1.4.335.1.7Ip (300ME) oy
4328, 152057 Easom
> Qt Installer Package Repo - Gt Installer Package Repo ~_mans O LA > SDK- SDK Installer o 0 [ o————————————— L
Decco 2025 Wes ocios 2025
P0-1.4.336.0.2p (285M5) wio  vulkansdiclinuxx@6 64-1.4.328.1tarxz
e T ] (LT s
o . ) i) oatesses > SDK - SDK Installer
s macos- (17M)
S — L0 > SOK Config - Conflgjson g T e
4 ) Mo o5 confgjson (0145) 153135 asum
0 m Dayignt Tine) > SDK Config - Config.json
143280 configjson (0145)
> Runtime zip - Zip ile of the runtime components. pote O oouznes > SDK - SDK Installer woic 0 s
VulkanRT-X4-1.4.335 0-Components.zip (16) rrzes e e Ikansdclinux: 14, L2 (912M5) EE
T TsES eSS 102 22 B Smsmamas s sz T E A >t Instaler Package Hepo - Ot istaler Package oo om0 €
143281 1p0-1.4.335.02ip (295115) sty
ooma > SDK- SDK Installer poe 0 > SDK Config - Config.json woie 0 STSzat d2co51canAS1 a2 TO0RO01 s Tev)
moic vulkansdlcwindows-X64-1.4.328.1.6xe (240VE) bl config,son (0M5) el
Tine) > SDK - SDK Installer poie O
Sanl v 24225
143211 165508 Gasom
> SDK Gonfia - Confia json weie O wSlia > SDK- SDK Installer woie 0 Yy




System Wide Loader/ICD*

() @ Vulkan SDK Setup

Select Components
Please select the components you want to install.

Install system wide ICD, layers, and

Helact SDK tools to Jusr/local

<

v Vulkan SDK

Select Components The Vulkan SDK Core (Always Installed)

KosmicKrisp (Vulkan on Metal)

System Global Installation

GLM Headers.

SDL libraries and headers.

Volk header, source, and library.

Vulkan Memory Allocator header.

Development libraries for iOS This component will occupy
approximately 197.00 bytes on your
hard disk drive.

Se8S8S88S

< Back Next >

*For developers only - not end users!
27
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Build it yourself!

https://docs.mesa3d.org/drivers/kosmickrisp.html

KosmicKrisp

roquires macOS 26 and up.

Metal 4, which

e

Building

hitps:fbrev:sh] Homebrew install command fine:

/bin/bash ¢ "s(curl ~fsSL https: /)

Requirements
+ Xcode and Xeode comman ine toos
+ Homebrew packages
©© meson (19.14+, can also be installed as a Python package)
o cmake
© pkg-config
© fibcle

wm
spirv-Ihm-translator

Due to potential conficts, Homebrew will not add 11 1o the path. To add 1Ly to future terminalinstances:

echo "export PA

/0pt/homebre/opt/Ulva/bin: SPATH" >> ~/.2shre

Toadd U1y to current terminal instance:

export PATH="/opt/homebrea/opt/Llva/bin: $PATH"

+ Python
« Python packages
o mako
o packaging
© pyyaml
© meson (19.1+, i not installed through Homebrew)

SHOME/veny_nesa):
Python3 -8 venv SHOME/veny_nesa

To enable a Python virtual environment:

Source SHONE/veny_mesa/bin/act ivate

Build instructions
Out o tree bui

directory is recommended.

neson setup

—Dvulkan-

Environment variables
Kosmickrisp specic envionment varisbles:

shad

HESA_KK_GPU_

-Dgalliun-drivers=

HESA_KK_DEBUG: s to log all generated Metal Shading Language (MSL) shaders. force._robustness to force robustress onall

+ MESA_KK_GPU_CAPTURE_ DIRECTORY:

tio1to activate.

- MESA_IOC DISABLE &

: Lto di . Otherwise,
wanted workarounds e.g. 1,3, to disable workaround 1, 3 and 4.

Metal workarounds

Metal AP and Vulkan API discrepancies
Metal bugs

+ MSL compiler bugs

+ MSL compller crashes

‘These workarounds can be found in:

+ Kosmickrisp workarounds

LUN/\R)G.
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Hard

ware Caps Viewer

e — —

® @ ® Vulkan Hardware Capability Viewer 4.11

Hardware Capability Viewer 4.11

U e Ll
<a =] = 7 Lo Yo
Upload Save Device [GPUO] Apple M4 Max About Exit
Select device: [GPU1] Apple M4 Max

Device is already present in the database

Features Extensions Formats Queue Families Memory Surface Profiles Instance

Core 1.0 Core 1.1 Core 1.3 Extensions

Filter :

conformanceVersion 1.4.3.2

driverlD 28

driverName KosmicKrisp

false

filter ormats

independentResolve
true

i 1048576

maxD

maxD i d fterBi

1048576

maxD

ffersDynamic 32

maxDescri terBindUni 1048576

LUN/\R)G.



Vulkan Configurator

® @ ©® Vulkan Configurator 3.4.2-20260130

Vulkan Layers Vulkan Layers Paths Vulkan Drivers Application Launcher

v Override Vulkan Devices to all Vulkan applications:

Vulkan Devices override mode: Force a single Vulkan physical device

Forced Vulkan physical device name: KosmicKrisp Apple M4 Max (26.0.99)

Add Vulkan Driver Paths

30

Diagnostics
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Vulkan Configurator

@® © @ Full screen radial blur effect

Vulkan Configurator 3.4.2-20260130
VlkanLayers  Vulkan Layers Pathe

Vkan Divos | Agpicaton Launcher
 Ovarrids Vikan Devices fo sl ulkan applicatons:

‘Add Vkan Drive Paths.

Dlognosica  Documentaton  Praforsnces | About

Full screen radial blur effect
Apple M4 Max

5.26 ms/frame (190 fps)
v Settings
+ Radial blur
Display render target only

¥ Blur parameters

0350  Scale
0750  Strength
0500 Horiz. origin
0500 Vert.origin

-

TAYA
N \/N

N7\

LUN/\R)G.
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Android Emulator*

e Primary funding is from
Google

e | Destreyed Vadevice:exsiszanass
steo

- r—

A .m.y.m, cotal g 23
for .um. Sons o+

9
e

ASTC snulation:off CPU decoding:off.

°
Crasted ViInst: for spplication: ! angina:!®
DR | Raglstering VKInstance 35744069633 nane com.goagieand reidon, foral s 14

cid-gus, total is 16

AST smulation:oft 69U dacoding:ott.

evis
v 1 Destroyed WkInatance:oxGs13Eacao for alicutio
DEBUG | Unsegistaring Vkinstance 45723204160, tota

emose | Gurtoyinstanceohiuctes Glovsl borad handles sount = 5121

andzoid framemark engins

androdd framework

*Not public yet

LUN/\R)G.



Android Emulator*

e Primary funding is from
Google

e Motivation? - Android
Emulator on macOS

33

e | Destroyed Videvice:x8i92al Ll
e | pestroyed for - [——
o | e 35741618176, total is 12
VeRsosE | Lobal boxed handles count = 4969
omBus | st (tota1 72) oxesabitce
v 2852620000 for application:'! engine:!".
oeBue | oxing Vkns 744033792 nans con.kiloo.subvaysurt, total is 13
IR0 ngine:
s |
VeRsosE |
o tion: Chrontua’ engine::®
oeus | 2 name con.kiloo. submaysurf, total is 13
R0 ASTC onulation:off CPU decoding:ofs.
oeBus |
oewws |
N0 1 ongine:t.
oeave | google.android.gus, fotal is 14
e = spplication: " engine:’
oeBus | T 1
vensose | oc Count = 001
v | ‘Created VKInstance:9x852834c00 for application: ‘Chroniua’ angine: '
DEBUG | Registoring VkInstance 35744074752 name con.google.android.gas, total is 16
N0 | Created cor ASTC snulation:off CoU dacoding:ofs.
v |
v | for applicstion: ‘android framework' engine:'android franemork!

DEBUG | Unsegistering Velnstance 35722204168, total is 13
JERIos | deskresostanceobivstas alshal bosed handles comnt

1z

*Not public yet LUN/\RX].



Android Emulator*

e Primary funding is from
Google

e Motivation? - Android
Emulator on macQOS

O

34

Vulkan is the deFacto graphics
stack now on Android

Via Angle -> GUI and all
OpenGL ES games are now
basically Vulkan

For the emulator on macOS -
Vulkan can be implemented by
KosmicKrisp

*Not public yet LUN/\RX].
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Shipping Vulkan on Apple

VulkanRocks . app
/Contents

/Frameworks
libvulkan kosmickrisp.dylib
libvulkan.l. [version number] .dylib
libvulkan.1l.dylib -> libvulkan.l.[version number] .dylib

/MacOs
VulkanRocks

/Resources
/vulkan

/icd.d
libkosmickrisp icd.json



Shipping Vulkan(s) on Apple

VulkanRocks. app
/Contents
/Frameworks
libvulkan kosmickrisp.dylib
libMoltenVK.dylib
libvulkan.l. [version number] .dylib
libvulkan.1l.dylib -> libvulkan.l. [version number] .dylib
/MacOS
VulkanRocks
/Resources
/vulkan
/icd.d
libkosmickrisp icd.json
libMoltenVK icd.json

N LUN/\R)G.



Why not both?
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You could target Intel HW with
MoltenVK

Target Apple Silicon with
KosmicKrisp



Why not both?
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You could target Intel HW with
MoltenVK

Target Apple Silicon with
KosmicKrisp

10S support is coming...



Why not both?

e You could target Intel HW with

MoltenVK . SN =
e Target Apple Silicon with Wilkanised2024  .owsimssss.
KosmicKris P Vulkan Development for Apple Desktops &
iOS support is coming... R
Watch Portability enumeration & iU
Portability Subset S P
o KosmicKrisp implements neither of
these

O |t doesn't need them

i LUN/\R)G.



No more of THIS!

VkInstanceCreateInfo inst info = {};
std: :vector<const char*> m requiredExtensions;

#ifdef  APPLE

m requiredExtensions.push back (VK KHR PORTABILITY ENUMERATION EXTENSION NAME) ;
inst info.flags |= VK INSTANCE CREATE ENUMERATE PORTABILITY BIT KHR;

#endif

" LUN/\R)G.
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Why not both?

VK_KHR_portability_enumeration
VK_KHR_portability _subset

If you do not include these extensions, the loader will only see
KosmicKrisp. This is normal behavior outside macOS, but MoltenVK
is a “portability implementation”. Enable this only if present and no
more #ifdef __APPLE__

LUN/\R)G.



~e Don'tignore




A 5 RO >

e Don't ignore A '

WO good Vulkan iy




Kosmlc Conclusmn
'-'; o "'Don t 1gnore Apple ——-there are a LOT of dev1ces out

".o-.There are TWO good Vulkan 1mplementat10ns for

_.Apple . W g
ghkely to be the defacto standard

Kosmchrls}pt- ]

o s R




Kosmlc Conclusmn

o Don t 1gnore Apple —there are a LOT of devrces out
. There are TWO good Vulkan 1mplementat10ns for : W
"'Apple - T T e
;,KosmrcKrlsp is lrkely to be the defacto standard
__soon for Apple Sll]COn on all dev1ces S
__ ':f_;MoltenVK will remain relevant_for qurte some tlme e
~and you can eat you d ha e-.lt too Shlp _
o ,both of them| e o

s S
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Worms in the Apple?

Report 1ssues to Mesa3D repository
Prefix “kk: title” so it stands out



Thank you -

LUNAR S KHRONO§
- Come to the LunarG Tablel!
—_ See KosmicKrisp & GFXReconstruct ——

Take the 2026 Vulkan LunarG Presentations LunarG Presentations

Ecosystem Survey! Vulkanised 2026 Shading Languages
Symposium
u | | L N ] . L n 11 ﬁ
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L UNAR

POWER YOUR SUCCESS

®



