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List of ingredients to make life

• Water – for chemical reactions (proteins can’t work without it)
• 6 important elements: C, H, N, O, P, S
• Minerals (iron, calcium and magnesium)
• Heat – (thanks, Sun!)



Where to make this life form?

• On a planet…

• …orbiting a star…

• …in a galaxy!



Habitable zone (circumstellar)

• Key ingredient for life: water
• Goldilocks principle

• Size and position depends on the 
star temperature





Galactic habitable zone

• Where are we most likely to find life in a 
galaxy?
• Not too close
• Too many giant Jupiter-like planets

• Not too far
• Not enough elements heavier than He



So when can life start?

• Not too late
• Not too close to the center of the 

galaxy
• Not too far out
• Life on our planet started later 

than expected!



So where are the aliens?

• Drake equation (1961) – a guess how many 
civilizations are there in a galaxy?
• 𝑁 = 𝑅∗ $ 𝑓" $ 𝑛# $ 𝑓$ $ 𝑓% $ 𝑓& $ 𝐿

• The results are 0 < N < 100 millions 
civilizations
• Search for Extraterrestrial Intelligence 

(SETI)
• What can we do?
• Run simulations



Probabilistic cellular automata

• It’s like chess:
• Probabilistic – different moves you can make
• Cellular – we split the galaxy into cells/fields (like chessboard)
• Automata – we define the rules (each figure has legal moves)



Probabilistic cellular automata
0 = NO LIFE 1 = SIMPLE LIFE (bacteria)



Probabilistic cellular automata
2 = COMPLEX LIFE (plants/animals) 3 = TECHNOLOGICAL CIVILIZATION



Transition rules

• Evolution
• X->X+1

• Catastrophic event
• Wipeout

• X->0
• Setback

• 2->1, 3->1, 3->2

• Colonization
• X->3



Catastrophic event - wipeout

• 1->0 or 2->0:
• Asteroid impact
• Super-volcanism
• Climate change
• Bio-sphere collapse
• Parent star flares



Catastrophic event - wipeout

• 3->0:
• Any of the 1->0 and 2->0
• Technological catastrophe (evil robots, 

nuclear explosion…)



Catastrophic event - setback

• Doesn’t kill all life, 
but takes it down a 
level
• 3->1,

3->2,
2->1



Colonization

• 0->3, 1->3, 2->3:
• Needs settlers from 

“the neighborhood”
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PCA lattice



Simulation

• How long will a single 
time step be?
• 5 million years

• How long will the 
whole simulation be?
• 10 billion years

• What the galaxy map 
would look like in the 
end?



And now…

… it’s demo time!


