
The Aircraft of Theseus
Shipping X-Plane for 30 years



Introduction - Laminar Research

ᵞ Small, privately owned, company

ȩ Founded in 1995

ᵞ Fully remote

ᵞ Exclusively working on X-Plane
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Introduction - X-Plane

ᵞ FAA approved flight simulator

ᵞ But not Level-D certified

ᵞ Continuously developed

ᵞ Current version is X-Plane 12

ᵞ Long release cycles

ᵞ Available on all major platforms
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Overview

ᵞ Introduction

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

ȩ You are here 

ᵞ The dark ages of X-Plane 6 

ᵞ Modernizing our engine in X-Plane 11

ᵞ Shipping X-Plane 12

ᵞ F|JºŻ´ «XÈºų
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The tech stack

ᵞ Custom engine called X-System
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The tech stack

ᵞ Custom engine called X-System

ᵞ Absolute anarchy called X-System

ᵞ One large monolithic codebase

ᵞ ?­ªX | z| ӃXÆXӃ żX«z «XŽ ­M¤XNº´
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The tech stack

ᵞ Custom engine called X-System

ᵞ Absolute anarchy called X-System

ᵞ One large monolithic codebase

ᵞ ?­ªX | z| ӃXÆXӃ żX«z «XŽ ­M¤XNº´

ᵞ OpenGL 2.1

ᵞ No AZDO

ᵞ Just-in-time pipeline discovery
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Modernization plan

ᵞ Adopt Vulkan and Metal

ᵞ No more just in time PSO 

compilation

ᵞ No VRAM oversubscription

ᵞ Ship spec conform code

ᵞ &­«Żº M³XJ¦ °ӃÄz «´
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Modernization plan

ᵞ Adopt Vulkan and Metal

ᵞ No more just in time PSO compilation

ᵞ No VRAM oversubscription

ᵞ Ship spec conform code

ᵞ &­«Żº M³XJ¦ °ӃÄz «´

ᵞ Ship as feature update

ᵞ No new graphics
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X-Plane as a platform

ᵞ Open platform

ᵞ SDK available to anyone

ᵞ Vast add-on ecosystem

ȩ Aircrafts

ȩ Scenery

ȩ Utilities
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The SDK

ᵞ SDK released with X-Plane 6

ᵞ Plugins are shared libraries

ᵞ Segmentation fault (core dumped)

ᵞ Callbacks for everything

ᵞ L2 cache misses for everyone
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The SDK - Drawing

ᵞ No SDK drawing API

ᵞ Plugins use OpenGL directly

ᵞ Third-parties love the ffp

ᵞ macOS only provides two OpenGL 

versions

ȩ OpenGL 2.1

ȩ OpenGL 4.1 core profile



Plugin compatibility

ᵞ Plugin bridge for compatibility

ᵞ Let them eat cake OpenGL 2.1

ᵞ Uses native OpenGL interop

ᵞ No plugin changes required
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Vulkan bridge

ᵞ Interop uses a zoo of extensions

ᵞ Built around shared memory regions

ᵞ Bind OpenGL texture to memory

ᵞ Bind Vulkan image to memory

ᵞ Shared semaphores for synchronization
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Metal bridge

ᵞ IOSurface as shared memory

ᵞ Imported into Metal and OpenGL from Mach object

ᵞ Restrictions

ȩ Linear tiling only

ȩ No mip maps

ȩ GL only: Texture rectangle

ᵞ Shadow textures as workaround
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Bridges in general

ᵞ Lots of individual command 

buffers

ᵞ Easy application API

ȩ Textures

ȩ 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

ᵞ Originally GLSL 120 text files

ᵞ gfx needs

ȩ SPIR-V

ȩ MSL 2.1

ȩ GLSL 120

ᵞ Early SPIR-V Cross experiments

ᵞ Offline shader compiler gfx-cc
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