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Evolutionary Algorithms and LLMs



Topics of the second half

• Evolutionary algorithms (“survival of the fittest” type of algorithm)


• Applications of LLMs in this framework


• A little bit of RL and tool calling



Example Applications



Evolutionary Algorithms



Evolutionary Algorithms

• Basic ideas: Adaptation is intelligence, apply the concept of “survival of 

the fittest” for algorithms


• How can we use this idea for optimization?


• More precisely, say we want to optimize some complicated function, like 


f(x1, x2) = x2

1 + x1x2 ⋅ sin(x2)



Simple Genetic Algorithm

1. Initialize population

2. Calculate the fitness of your population

3. While stopping criterion not satisfied:


1. Select parents

2. Perform crossover -> offsprings

3. Apply mutation

4. Calculate total fitness 

5. If offsprings are fit, add them to population
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Pros and cons of Genetic Algorithms

Pros:

• Simple to implement 

• Provide many solutions (good if there are local extrema)

• Can be parallelized


Cons:

• Can be slow (evolution is slow)

• Fitness function can be difficult to design



Applications of Genetic Algorithms

Engineering Combinatorial Optimization

More applications in Finance, Biology, etc



More nature inspired algorithms

Ant colony optimization Swarm intelligence

+ Neural networks, and more



LLMs and Evolution



LLM and Evolution

Idea: use LLMs as the mutation/reproduction operator

One big advantage of this: 
LLMs speak our language!

Rest of the lecture = applying 
this method to math problems
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Ask the LLM to generate Python 
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Safeguard against hallucinations



Case study: Problem 1

The “cap set problem”: Find the biggest set  of elements of  such 
that no three elements of  sum up to  (i.e.  for all 
distinct )

S ℤn
3

S 0 x1 + x2 + x3 ≠ 0
x1, x2, x3 ∈ S

Example for n = 2
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distinct )

S ℤn
3

S 0 x1 + x2 + x3 ≠ 0
x1, x2, x3 ∈ S

How big can  be as a function of ?S n

We know that 2.2202n ≤ |S | ≤ 2.756n

Lower bound found thanks to LLMs
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Prompt:



Case study: Problem 1
Results:

From Romera-Paredes et al., Nature, 2024
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Case study: Problem 1

One advantage over classical algorithm:

• Much more “explainable”. The authors of the paper managed to obtain new 

insights on the problem (still with the help of an expert on the problem).

Downsides:


• Can be expensive to run (here around  programs were generated, 15 
GPUs + 150 CPUs for approx 2 days). LLM was PaLM 2 (probably 340B 
parameters in 2023).


• Not always clear that it is applicable (also true for classical algorithms)

• Sometimes difficult to force the LLM to “be creative”

2 ⋅ 106



Case study: Problem 2

Online bin packing: Items arrive one by one with size  for item . We 
have bins of capacity 1, and we want to pack each item into a bin 
without exceeding the capacity of the bin.

si i

How to do this in order to minimize the number of bins needed?
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Case study: Problem 2

Algorithm strategy:

1. Define a  function over bins (given the current state).

2. When element  arrives, place it in the highest priority bin where it 

fits.


priority
i
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Case study: Problem 2
How can we find a good priority function?

Other idea from Surina et al. COLM 2025: add RL in the loop



Case study: Problem 2
Results for FunSearch (without RL):

From Romera-Paredes et al., Nature, 2024



Case study: Problem 2
EvoTune (with RL) vs FunSearch (without RL):

From Surina et al., COLM, 2025



Case study: Problem 2
EvoTune (with RL) vs FunSearch (without RL):

From Surina et al., COLM, 2025

Use of RL promotes diversity



Little Detour into RL

Use of RL promotes diversity

Different flavors of RL

max
θ

𝔼y∼πθ[R(y)] − β DKL(πθ ∥ πref) .

max
θ

𝔼y∼πθ[R(y)] − β DKL(πref ∥ πθ) .

where
DKL(P∥Q) = ∑

x∈𝒳

P(x) log
P(x)
Q(x)

, with Q(x) > 0 whenever P(x) > 0.

Reverse KL

Forward KL
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Little Detour into RL

Reverse KL: −βH(πθ) + β𝔼πθ
(log(πref))

β𝔼πref
(log(πθ))Forward KL:

Reverse KL: If we have  and  then we pay a huge penaltyπref(x) = 0 πθ(x) > 0

Forward KL: If we have  and  then we pay a huge penaltyπref(x) > 0 πθ(x) = 0
Mode seeking

Mass covering



Little Detour into RL

Reverse KL: Forward KL:Mode seeking Mass covering



Case study: Problem 2

Forward vs Reverse KL

From Surina et al., COLM, 2025



Summary

FunSearch: evolutionary algorithm to search good Python functions

• Output understandable by humans

• Safeguard against hallucinations by asking Python code that we can 

automatically run to verify the solution

EvoTune: add RL to FunSearch method

• More diversity of outputs

• Better results



Questions?


