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What is Godot?

● Open-source game engine
● Feature-rich (currently v4.6)
● Has a visual editor
● Has its own scripting language (gdscript) that is not Rust



  

gdscript

● Godot's scripting language
● Object-Oriented
● Hot-Reloadable
● Duck-Typed 🦆😱
● Dynamic-Typed 😱😱😱
● Everything Everywhere All At 

Once



  

What’s Wrong With Ducks?

var wep = Inventory.weapons.get(1)

var mod = wep.modifier[1]

print(mod.name)

● This will compile no matter the type of Inventory.weapons
● I will not know if modifier.name is valid... until it runs (or crashes)!



  

The Cost of Abstractions

● Everything is an Object
● Everything has a HashMap lookup
● Everything is reference-counted*

– Except when it doesn’t (Engine calls return a copy sometimes)
● Everything is mutable*

– Except when it isn’t (Packed Arrays are CoW)



  

😱😱😱



  

Why Rust for Games?

● Thread-Safety
● Runtime Stability
● Bottleneck Speedup
● Static-Typing



  

Why Not Bevy / Fyrox …

● Rust engines are good for prototyping, for now
● Bigger games require a feature rich engine with mature editor
● Iteration speed is a must (no waiting 5 minutes to change color)
● Unity / Unreal is too bloated, Godot is a good compromise (and 

is open source!)



  

🎉

Godot Plugins: GDExtension



  

Rust in Godot

lib.rs

mylib.gdextension

Cargo.toml



  

gdext macros



  

Should You Use Rust in Godot?

● Small games → no
● Medium games → if you need Extra Features🦀
● Big games → yes!🦀🦀🦀



  

Extra Features?

● Let’s say we want this function in gdscript:

… it does not exist :/

e.g.:  f32::from_bits(0x45d42800) → 6789.0f



  

… Now It Does! :D



  

What About Bigger Games?



  Work in progress, examples © holoIndie



  

Every entity has its own logic

Every moving item has belt logic

The Usual Godot Way™ of

     … doesn’t scale when there’s  
          Millions of Entities!



  

App Structure

● Rendering
● IO
● Light-Weight Code

● World Simulation
● Performance-Critical Code

Godot Rust



  

Server Backend.rs

● Belt Solver (DAG)
● Entity Logic
● Entity Connections
● Custom Addons for Instanced Rendering



  

Process Tick Rendering Process Tick Rendering

Godot is single threaded

*technically there is a multithreaded version, but its “buggy and should be avoided in production”



  

Process Tick
- handle user input
- update visible entities

Rendering Process Tick Rendering

Godot thread

User Interactions
Entity Modifications

Rust

World Data

Rust thread

World Tick

Dispatch Tick Join
World Data



  

Process Tick
- handle user input
- update visible entities

Rendering Process Tick Rendering

User Interactions
Entity Modifications

Godot thread

Rust

World Data

World Tick

Dispatch Tick Join
World Data

Rust thread

It Just Works™ !
Rust’s concurrency safety guarantees that World Tick will never corrupt the world / Godot data!



  

Change The World?

It is very clear which server 
call modifies the world

via observing (&mut self)

– Debugging is a lot easier! 



  

Case Studies



  

Case Study 1: Processing Entities

Entities

For each tick, call a specialized step() for each entity



  

Case Study 1: Processing Entities

● A list of different entities, each having a 
step() function…

● … it might be tempting to write it like 
this…

● … but it’s very cache unfriendly, and 
introduces an indirection! (very slow)



  

Using unions instead

● Keep all the state objects 
contiguously with a union

● Step through them by checking 
the type



  

Using unions instead

● Keep all the state objects 
contiguously with a union

● Step through them by checking 
the type

We checked the wrong type when accessing the union!

Aw Dang It! Program explodes under Undefined Behavior



  

Doing it safely in Rust

● The object is contained in the 
type, so it is impossible to get it 
wrong!

● The data is still stored 
contiguously, so looping is fast.

● Compile to tagged unions, so 
Zero Cost in addition to safety!



  

Static Dispatching



  

Process Tick
- handle user input
- update visible entities

Godot thread

User Interactions
Entity Modifications

Rust

World Data

Case Study 2: Minimizing Godot Work

“Should Godot change the 
playing animation?”



  

Case Study 2: Minimizing Godot Work

● We do not want to update our rendering data every frame
● We poll the server: “which visible entities have changed?”



  

Hash an [i32; N] array to check if state changed



  

3.  Pass the array to Godot to update rendering if Hash is different

Minimizing Godot Work



  

Case Study 3: Rendering Thousands of 
Dynamic Entities

We want to draw every belt on the 
screen in a single GPU instruction



  

Case Study 3: Rendering Thousands of 
Dynamic Entities

The Naive Way:
● Spawn 1 object for each entity
● Game stutters every time the player moves
● Game crashes when loading

The Vulkan / OpenGL Way:
● Use instancing



  

Instancing

Mesh Data
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Flattened as [float], then reintepreted as [u8]
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Instance Matrices Array



  What if I want to use the nice Rust iterators?

https://docs.godotengine.org/en/stable/tutorials/performance/vertex_animation/animating_thousands_of_fish.html

😱



  

1.  Create a wrapper for MultiMesh...



  

2.  Create a wrapper for add_entity() and remove_entity()



  

3.  Use the nice Rust iterators to compose matrices!

“Matrices, flattened as [float], then reintepreted as [u8]”
The Rust Way 🦀

* if the matrix is stored contiguously, the double flat_map is optimized into a single slice memcpy! Zero Cost!



  

Case Study 4: Texture Dilation

● Extending the edges of textures to avoid bleeding in mipmaps



  

Special algorithm to dilate tiled texture

● I do NOT want to write this in Godot



  

Pass the image to Rust, and operate on the inner slice!

Image buffer is just a 2-dim array of RGBA bytes

The actual algorithm works on pure Rust slices!



  

Summary

Rust in Godot is good for big projects…
– When you need extra language features
– When you need Fearless Concurrency
– When you need Zero Cost Abstractions
– When you need strong typing

Cons
– Learning Curve
– FFI boundary overhead (when dereferencing Gd<> or calling a function)
– Slower Iteration Speed



  

Thank You!
Questions?

Try the free demo of my factory game! :D

Chattini Jetpack Project

https://store.steampowered.com/app/4434670

https://store.steampowered.com/app/4434670

