
End-to-End Procedural Generation in 
Caves of Qud

Jason Grinblat & Brian Bucklew
Co-founders at Freehold Games

Math for Game Developers:



1: Nevit Dilmen, L-system-Airhorse, https://creativecommons.org/licenses/by-sa/3.0
2: User:Syntopia, Noise-based Terrain Generation, https://creativecommons.org/licenses/by/2.0

3: User:Chrislb, Simple markov chain, https://creativecommons.org/licenses/by-sa/3.0

https://commons.wikimedia.org/wiki/File:L-system-Airhorse.jpg
https://www.flickr.com/photos/syntopia/6335497096
https://commons.wikimedia.org/wiki/File:Simple_markov_chain.svg


Why are we here?
PROBLEM STATEMENT: How do you combine procgen techniques to 
build large-scale generative systems?
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Caves of Qud
● Open-world, science fantasy 

RPG and roguelike
● “Chisel through a layer cake of 

thousand-year-old civilizations.”
● Handcrafted narrative + 

simulative systems
● Extensive use of procgen



Why are we here?
PROBLEM STATEMENT: How do you combine procgen techniques to 
build large-scale generative systems?

CASE STUDY: Procedurally generated villages in Caves of Qud



Agenda
● Design context
● Broad approach
● What makes a village?
● Techniques we use
● Village generation
● Takeaways



Design Context
● We’re making an RPG, so we take a simulative approach to design
● Perspective is limited to a player avatar
● We value novelty in output, so we let our generators run wild



SimCity 4 (Maxis, 2003) 
User:haljackey, SimCity 4 Downtown Traffic, https://creativecommons.org/licenses/by-sa/2.0/

https://www.flickr.com/photos/haljackey/6176719405


Design Context
● We’re making an RPG, so we take a simulative approach to design
● Perspective is limited to a player avatar
● We value novelty in output, so we let our generators run wild



Design Context
Modularity is good!
● Software design perspective: decoupled modules are tractable
● Game design perspective: decoupled modules compose into varied and novel 

output



Max Pixel, Japanese Fuji Landscape, 
https://creativecommons.org/publicdomain/zero/1.0/deed.en

https://www.maxpixel.net/Japan-Fuji-Landscape-Mt-Fuji-Lake-Tanuki-Mountain-2090957


Abstract Peak

Concrete Valley

Max Pixel, Japanese Fuji Landscape, 
https://creativecommons.org/publicdomain/zero/1.0/deed.en

https://www.maxpixel.net/Japan-Fuji-Landscape-Mt-Fuji-Lake-Tanuki-Mountain-2090957


Broad Approach
● Generate a village over multiple steps
● Model village facets at various levels of abstraction
● Use abstract models as input to later steps
● Reify! (abstract  concrete)
● If no abstract input is available, use defaults

● It’s all about the plumbing: INPUT & OUTPUT





What Makes a Village?
● Villagers (NPCs)
● History
● Geography
● Architecture
● Government
● Cultural practices
● Religion

● Storytelling tradition
● Relationship with local resources
● Furniture
● Food & drink
● Proverbs
● Collective & personal needs 

(Quests)



Techniques We Use
● Population tables
● Noise maps
● Wave function collapse
● State machines
● Replacement grammars
● Dijkstra mapping
● Dynamic image manipulation

● Pathfinding
● ECA with hand-defined prefabs
● Inversion of control



Village Generation
World Gen

Generate history
- Name
- Base faction
- Region
- Government (ex)
- Religion (ex)
- Signature ingredients (ex)

Fabrication

Generate culture
- Cultural practices
- Storytelling tradition
- Signature dish

Design

Define prefabs
- Object blueprints
- Population tables
- Static factions
- Historic event templates
- Quest templates

Resolve neighbors
- Location
- Relationship with local 

sites and NPCs

Generate architecture
- Style
- Map of buildings

Fabricate game objects
- NPCs with dialog
- Furniture



Abstract Peak

Concrete Valley

Generate history

Resolve neighbor relationships

Generate culture

Generate architecture

Fabricate game objects
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Takeaways
● Think carefully about your design context
● Lean into modularity
● Use abstraction to your advantage 
● Parameterize your modules
● Build expressive tools like population tables
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