
The Aircraft of Theseus
Shipping X-Plane for 30 years



Introduction - Laminar Research

● Small, privately owned, company

○ Founded in 1995

● Fully remote

● Exclusively working on X-Plane
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Introduction - X-Plane

● FAA approved flight simulator

● But not Level-D certified

● Continuously developed

● Current version is X-Plane 12

● Long release cycles

● Available on all major platforms
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Overview

● Introduction

○ Who are Laminar Research and what is an X-Plane?

○ You are here 

● The dark ages of X-Plane 6 

● Modernizing our engine in X-Plane 11

● Shipping X-Plane 12

● What’s next?
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The tech stack

● Custom engine called X-System
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The tech stack

● Custom engine called X-System

● Absolute anarchy called X-System

● One large monolithic codebase

● Some high level “engine” objects
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The tech stack

● Custom engine called X-System

● Absolute anarchy called X-System

● One large monolithic codebase

● Some high level “engine” objects

● OpenGL 2.1

● No AZDO

● Just-in-time pipeline discovery
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Modernization plan

● Adopt Vulkan and Metal

● No more just in time PSO 

compilation

● No VRAM oversubscription

● Ship spec conform code

● Don’t break plugins
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Modernization plan

● Adopt Vulkan and Metal

● No more just in time PSO compilation

● No VRAM oversubscription

● Ship spec conform code

● Don’t break plugins

● Ship as feature update

● No new graphics
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X-Plane as a platform

● Open platform

● SDK available to anyone

● Vast add-on ecosystem

○ Aircrafts

○ Scenery

○ Utilities
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The SDK

● SDK released with X-Plane 6

● Plugins are shared libraries

● Segmentation fault (core dumped)

● Callbacks for everything

● L2 cache misses for everyone
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The SDK - Drawing

● No SDK drawing API

● Plugins use OpenGL directly

● Third-parties love the ffp

● macOS only provides two OpenGL 

versions

○ OpenGL 2.1

○ OpenGL 4.1 core profile



Plugin compatibility

● Plugin bridge for compatibility

● Let them eat cake OpenGL 2.1

● Uses native OpenGL interop

● No plugin changes required
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Vulkan bridge

● Interop uses a zoo of extensions

● Built around shared memory regions

● Bind OpenGL texture to memory

● Bind Vulkan image to memory

● Shared semaphores for synchronization
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Metal bridge

● IOSurface as shared memory

● Imported into Metal and OpenGL from Mach object

● Restrictions

○ Linear tiling only

○ No mip maps

○ GL only: Texture rectangle

● Shadow textures as workaround
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Bridges in general

● Lots of individual command 

buffers

● Easy application API

○ Textures

○ Mixed rendering
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The bridge
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gfx-cc

SPIRV-Cross

SPIR-V

MSL 2.1 GLSL 120

glslang

SPIRV-Reflect

Introspectio
n

Shaders

● Originally GLSL 120 text files

● gfx needs

○ SPIR-V

○ MSL 2.1

○ GLSL 120

● Early SPIR-V Cross experiments

● Offline shader compiler gfx-cc
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Shaders

● Custom annotation for resources

● Bindings are automatically resolved

● JSON shader descriptions
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Introspection

● Generated C++ introspection
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Pipelines

● No just-in-time PSO compilation

○ Without a PSO cache

● Shader creation requires capability tagging

22



23



Memory

● Vulkan uses VMA

● VK_EXT_memory_budget to monitor memory usage

● Large number of runtime allocations

● VMA pools based on resource lifetimes

● Active VRAM defragmentation
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Memory – I can haz sparse?

● Tried to use sparse memory to reduce fragmentation

● Way too slow for production
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Modernization – Post mortem

● If it’s stupid and it works, it’s not stupid

● Graphics team grew to 3 people

● 2 years of work from start to finish

● 9 months of beta period

● Complaint: Still looked the same
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Building X-Plane 12

● No more OpenGL backend

● Focus on graphical improvements
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Photometric rendering

● Radiometric values for all lighting

● Aviation industry is spec heaven



Photometric rendering

● Radiometric values for all lighting

● Aviation industry is spec heaven

● AgX tonemapper



Photometric rendering

● Radiometric values for all lighting

● Aviation industry is spec heaven

● AgX tonemapper

● Exposure fusion added in an update



Home cockpits



Clouds and the atmosphere

● X-Plane 11 used billboard clouds

● No smooth weather updates

● Cloud plugins tried to fix some of this

● We can do better





Atmospheric rendering

● Based on Hillaire’s work

● Sampled across full visible spectrum

● Improves sunset and sunrise
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Vegetation

● Quad billboard meshes

● Low resolution atlas textures

● Low vegetation density

● High density 3D vegetation
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Vegetation - LODs

● Still billboard LODs in distance

● Noticeable at steep angles
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Vegetation - LODs

● Still billboard LODs in distance

● Noticeable at steep angles

● Experimented with octahedral imposters

● Required too much VRAM

○ We have 2146 vegetation objects!
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Seasons & Weather
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Weather effects

● G-buffer includes weather mask

G-buffer

Albedo Normal MaterialWxr Mask



G-buffer

Albedo Normal Material

Weather effects

● G-buffer includes weather mask

● Weather apply modifies in-place
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G-buffer

Albedo Normal Material

Weather effects

● G-buffer includes weather mask

● Weather apply modifies in-place

○ Albedo

○ Normal

○ Material

● G-buffer resolves as normal

Weather apply
Weather

Conditions

G-buffer

Albedo Normal MaterialWxr Mask

HDR



Weather effects in practice
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Water

● Art driven turbidity & tinting

● Not enough resolution in base mesh

● Projected grid to improve resolution

● Our world is genuinely round



Water

● Art driven turbidity & tinting

● Not enough resolution in base 

mesh

● Projected grid to improve 

resolution

● Our world is genuinely round

● Offscreen pass for base water 

mesh
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Water

● Art driven turbidity & tinting

● Not enough resolution in base 

mesh

● Projected grid to improve 

resolution

● Our world is genuinely round

● Offscreen pass for base water 

mesh

● Project grid against depth
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Water

● Art driven turbidity & tinting

● Not enough resolution in base 

mesh

● Projected grid to improve 

resolution

● Our world is genuinely round

● Offscreen pass for base water 

mesh

● Project grid against depth

● Shape water using FFTs

58

Water offscreen

DepthTint Normal

FFTs



59









Water
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The plugin bridge again - Zink

● Vulkan/GL interop can be slow

● No more OpenGL backend fallback

● Zink implements OpenGL on top of 

Vulkan

● Custom opengl32.dll & libGL.so
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The plugin bridge again - Zink

● Vulkan/GL interop can be slow

● No more OpenGL backend fallback

● Zink implements OpenGL on top of 

Vulkan

● Custom opengl32.dll & libGL.so

● Massively reduces CPU overhead

● Some issues with line emulation



Where we are going

● X-Plane is 30 years old now 

● New scenery engine

● Local tangent plane coordinates (ENU)

● New object model format (GLTF)

● Multicore engine

● Motion vectors
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Special Thanks

Graphics Team
Ben Supnik – Lead Coffee Drinker

Daniel Evans

Maya  - just one more cloud tweak - F. Eroğlu

Art Team
Alex Unruh

Christiano Maggi

Daniela Rodríguez Careri

Jan Vogel – Resident 747 Captain

Justin Kissling

Massimo Durando

Petr Bednář – The 2461 vegetation object machine

Rodrigo Fernandez
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