The Aircraft of Theseus
Shipping X-Plane for 30 years
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Introduction - Laminar Research

v Small, privately owned, company
e Founded Iin 1995

v Fully remote

v Exclusively working on X-Plane
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v But not Level-D certified T :
v Continuously developed - 3 ; {m_maﬂ
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v Current version is X-Plane 12 || Lyl === [ 0
v Long release cycles
v Avallable on all major platforms
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Overview

v Introduction
e Who are Laminar Research and what i1s an XPlane?
e Youare here 7
The dark ages of xPlane 6
Modernizing our engine In X-Plane 11
Shipping X-Plane 12
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The tech stack

v Custom engine called XSystem - A
X-Plane
i l i
X-System Engine
i 1 i
Generic Rendering API
SR S S—
Backend A Backend B
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The tech stack

v—Custom-engine-calledxSystem

v Absolute anarchy called XSystem

v One large monolithic codebase ! )
. Anarchy
v ?2-a X |  z]| K XAEXEKE z XU y
4 l )
OpenGL
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The tech stack

« Custom engine called xXSystem

v Absolute anarchy called XSystem

v One large monolithic codebase ! )
_ Anarchy

v ?2-a X |  z]| K XAEXEK 2z XU y

v OpenGL 2.1 - ' \

v - No AZDO OpenGL 2.1

v Just-in-time pipeline discovery
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Modernization plan

v Adopt Vulkan and Metal

v No more just In time PSO g A

compilation ! Anarchy )

v No VRAM oversubscription ) } X
v Ship spec conform code GEX

v &- «Z° M3 XJ! ° KAz «~ [ I 7

" Vulkan | |, ‘

. Backend \I\/Ietal Backendj

8
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Modernization plan

v Adopt Vulkan and Metal

v No more just In time PSO compilatior
v No VRAM oversubscription
v Ship spec conform code

v &- «Z° M3 XJ'! ° KAz
v Ship as feature update

4

v No new graphics
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X-Plane as a platform
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v SDK available to anyone

v Vast add-on ecosystem Create aircraft, scenery, & more for X-Plane
e Aircrafts CHA I A A L L
e Scenery

e Utllities

x Bad things include: X-Plane crashing, X-Plane hanging, X-Plane failing
to start, rendering artifacts, your whole computer hanging, your
computer catching fire, and highly trained monkeys stealing all of
your underwear.

You have been warned.
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The SDK

Configuring X-Plane to Use Less Virtual

Memory
Y S D K e I e ased W|th X— P I ane 6 X-Plane 10 can run out of memory when the rendering settings are set too
high or too many add-ons are running at once. This article explains this
Y P | u g | n S are S h are d | | b rarl ES problem and makes some recommendations about what to do about it.
Y Segmentati()n faU|t (C()re dumped) X-Plane Runs Out of Virtual Memory
. Because X-Plane is a 32-bit application, it can only use a certain amount of
Y C al | b aC kS fO r eve ryth | n g memory. That limit varies by operating system:

v L2 cache misses for everyone + Windows 32-bit: 3 GB.

e Windows 64-bit: 4 GB.
e MacOS X: 3.5GB.
e Linux: 3GB.

Because this is a virtual memory limit on each application, these limits apply
no matter how much physical memory you have in your computer; even if you
have 16 GB of RAM, these limits apply. There are no operating system
settings that raise these limits beyond what is listed.
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The SDK- Drawing

v No SDK drawing API

v Plugins use OpenGL direct

v Third-parties love the ffp

v macOS only provides two OpenGL

Versions
e OpenGL 2.1

Aviator's Tablet 0.5.1

@ 26FPS A
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About

Realistic
Please enter your email and product key
@
Paste
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Activate
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Upminar/gpus /messal
Laminar/opws/message

1asinar/sd82/ EDAP/msQU={f3
taminar/mdi2/EOAP/msgl={O/ET]
aminar/md82/E0AP/msg10=[0,
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Lua Stack:
Lua RAM:
Timer Pool Size:
Timers Processed:
Timers Looked At:
Timer Total:
Script Code:
Gizmo Ovhd:
Sound Sources:
Sound Buffers:
Texture Count:

Gizmo64 Resource Stats i

9

0.830 MiB
5

1

5

0.00 ms
0.00 ms
0.00 ms [22.50%)]
0

1]
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Plugin compatibility

Plugin bridge for compatibility
Let them eat eake OpenGL 2.1
Uses native OpenGL interop
No plugin changes required

< < < <
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Vulkan bridge

v Interop uses a zoo of extensions

v Bullt around shared memory regions

v BInd OpenGL texture to memory

v Bind Vulkan image to memory

v Shared semaphores for synchronization
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I Vulkan }

]

Release barrier
||

Submit + Signal Semaphore

H Transfer to OpenGL

Begin Command Buffer
I

Acquire barrier
I

I
Submit + Wait Semaphore

I Vulkan ]

Transfer back to Vulkan J

I OpenGL ]

=

glWaitSemaphore()
| |

glFlush()*
|

glSignalSemaphore()

I OpenGL ]
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Metal bridge

v |OSurface as shared memory
v Imported into Metal and OpenGL from Mach object
Y Restrictions
e Linear tiling only
e No mip maps
e GL only: Texture rectangle
v Shadow textures as workaround
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Bridges In general

v Lots of individual command
buffers

v Easy application API /

.texture = ()
@ . ( ::bridge rgba, width_screen, height screen)
( & :: shared | ::render_target | ::sampler)
( trilinear)
( ::§ilinear)

( &» "floating gauge") // gfx_text\re_builder &
(g _device, provider); // gfx_texture handle

// Transfer to the bridge only when necessary. It's expensive!
g? 11 ( (inDrawingHookKind))
{

cummand_buffer—} (ijectsz 40 {]', consumed objects: ()),
(inDrawingHookKind); // Dispatch plugins

command_buffer-> ();

}
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The bridge

@ Graphics Programming Conference, November 18-20, Breda



Shaders

v Originally GLSL 120 text files
v gfx needs

e SPIRV
e MSL 2.1
e GLSL 120

v Early SPIRV Cross experiments
v Offline shader compliler gfx-cc
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