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Procedures that make something

MarkovJunior



Astrology fortunes
Cooking recipes



Poetry

Cent mille milliards de poèmes– Raymond Queneau

Moroccan Zellij

Mosaïcs

Crochet



Games



StableDiffusion

GPT-3



10 PRINT CHR$(205.5+RND(1)); : GOTO 10

SIMPLE GENERATORS

INFINITE OUTPUT



10 PRINT CHR$(205.5+RND(1)); : GOTO 10“There’s a trade-off between the breadth of content you can 
make in one of these tools, and the depth, the quality of that 
content.”
                                                    Chaim Gingold - GDC 2007



The 10.000 bowls of Oatmeal problem

These bowls of oatmeal are all technically unique…

                            …but they taste exactly the same.

(sometime Oatmeal is fine)

Margaret W Tarrant – Illustration of Goldilocks



I. 3 mathematical properties of generators

→ 3 intuitive concepts used by designers

II. a fundamental theorem made of 3 inequalities

→ insight about the challenges of designing                      

…   generators 

PCG is extensively studied empirically, but 
rarely on a fundamental mathematical level

Fundamental theory as a bridge



Definitions



What we’re studying: Ideal Generators

an ideal generator G has these properties:

★ Terminability      : It always outputs something

★ Fixed Input Size: It accepts input of a specific length

★ Injectivity             : Different inputs give different outputs

Inputs & Outputs are binary strings

          0110010     →    011001001101010

We can take a non-ideal generator and turn into one that is ideal.



1. Length

|G| is the length of G’s source code

written as shortly as possible

(206 bytes)

(140 bytes)



→ Encoded Knowledge

 … you have to Encode

●   Implement the  procedure
●   Test it
●   Debug it
●   Document it
●  Optimise it

Knowledge…

●  Learn how to compose 
artefacts

●  Specify a precise 
procedure to make them

It’s costly.



2.  Size of Possibility Space

P(G) is the number of unique 

artefacts in G’s possibility space.

p(G) is the log₂ of that number.

P(G) = 100

p(G) = log₂ (100) ≈ 6.64

Tea Garden’s sprite generator



→ Scale

Borderlands 3

Animal Crossing: 
New Horizons

Picrew by @ ASTROLAVAS



3. Kolmogorov Complexity  (simplified)

“alternate black and white”

“blue then green then yellow then white 
then pink then yellow then blue then 

white then two red then two blue then…”

“a 9x9 red cross overlaid with a 3x3 
white square in the center”

4 words

13 words

72 words



3. Kolmogorov Complexity  (simplified)

Most complex 
artefact

K(A) is the complexity of an 

artefact A

K*(G) is the complexity of the 

most complex artefact of G

K(G) is the complexity of the 

most complex artefact of G

_



→ Pattern Density

Low K-Complexity

- Repetitive
- Patterns are easy to spot

High K-Complexity

- Noisy
- No spottable patterns





Inequality 1 / 3

K*(G) ≥ p(G)   

A₀, A₁, A₂ … Aₙ are the artefacts in G’s 
possibility space

P₀, P₁, P₂ … Pₙ are the shortest programs 
that output A₀, A₁, A₂ … Aₙ

P₀ 0

P₁ 1

P₂ 00

P₃ 01

… …

Pₙ 10110

|Pₙ|   ≥   ln₂(n)

K(Pₙ)   ≥   ln₂ P(G)

K*(G)   ≥   p(G)





Inequality 2 / 3

A* is the most complex artefact in G’s 
possibility space

|G| + p(G)  ≥  K*(G)  

|any procedure that outputs A*|  ≥  K(A*)

|G(A* seed)|   ≥  K(A*)  

|G| + |A* seed|   ≥  K(A*)

|G| + p(G)  ≥  K(A*)

|G| + p(G)  ≥  K*(G) 





Inequality 3 / 3

              [???]  ≥  |G| A₀, A₁, A₂ … Aₙ are the artefacts in G’s 
possibility space

P₀, P₁, P₂ … Pₙ are the shortest programs 
that output A₀, A₁, A₂ … Aₙ

def G(seed):
p = [P₀, P₁, P₂, … Pₙ]
return p[seed]

C₁ + P(G) ⋅ C₀ + Σ |Pi| 

C₁ + P(G) ⋅ C₀ + P(G) ⋅ K(G) 
_

C₁ + P(G) ⋅ (C₀ + K(G))  ≥  |G| 
_





Trade-offs
When designing generators 



Minecraft’s village update

- Add a new pattern

- Can’t change scale

Goals



12x12

6x6

Tea Garden’s sprite generator



Borderlands 3

- Maximize scale

- Minimize costs

Goals



Approximations



How many different pictures can Stable 
Diffusion generate?

How many different answers can 
ChatGPT generate?

How many different articles can 
Wikipedia generate?





C₁ + P(G) ⋅ (C₀ + K*(G))  ≥  |G| 

P(G) ⋅ (K*(G))  ≥  |G| 

P(G) = Number of articles

K(G) = Average compressed 
size of an article

|G| = Size of Wikipedia’s 
source code, compressed P(G) ⋅ (K*(G))  ≈  |G| 

Estimation: 1.9e7 pages * 2.5 Kb = 47  Gb

Size of Wikipedia’s archive : 16 Gb



C₁ + P(G) ⋅ (C₀ + K*(G))  ≥  |G| 

P(G) ⋅ (K*(G))  ≥  |G| 

P(G) = Number of different 
pictures

K(G) = Average compressed size 
of a picture

|G| = Size of StableDiffusion 
source code, compressed

P(G) ⋅ (K*(G))  ≈  |G| 

Estimation: 10 Gb / 1.26 Mb = 7900 different pictures



Paper + Demo
pyrofoux.github.io/why-oatmeal-is-cheap

Thank you!

yrabii.eggs@gmail.com

@pyrofoux




