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The LLM Training Pipeline: From Generalist to Specialist
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● Use cases:
○ Incentivizing reasoning capabilities, e.g., deepseek-R1
○ Improving alignment, e.g., RLHF

● Challenges:
○ Difficulty with long-horizon reward
○ High variance in performance
○ Reward hacking
○ Sensitivity to hyperparameters

Reinforcement Learning (RL) in LLM fine-tuning

Source:  Sutton, R. S. and Barto, A. G. Introduction to Reinforcement Learning

https://mitpress.mit.edu/books/reinforcement-learning
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Reinforcement Learning (RL) vs. Evolution Strategies (ES)
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Visualization of Searching Process in ES

Source:  David Ha, A Visual Guide to Evolution Strategies



6

Challenging the Status Quo with Evolution Strategies (ES)
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ES for LLM Fine-Tuning

Backpropagation-Free, No Gradient Calculation
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Memory- and Compute-efficient Implementation

● Retrieval with random seed
● Parallel evaluation
● In-place weight perturbation and restoration
● Decomposition of the parameter update
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ES vs. RL in the Countdown Task

ES exhibits consistently better performance across different base models.
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ES vs. RL in the Conciseness Task

ES achieves better 
tradeoffs between 
performance and 
divergence from 
original LLMs, 
without explicit KL 
divergence penalty.
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ES vs. RL in the Conciseness Task

ES shows lower variances in performances among different runs.
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ES vs. RL in the Math Reasoning Benchmarks

ES performs competitively on SOTA math reasoning benchmarks.
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Solving Puzzle Problems

ES generalizes to different 
types of problems.
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● Main surprise
○ ES can work in billion-parameter space
○ A small population size of 30 is enough

● Advantages of ES
○ Inference only, backpropagation-free
○ Robust performance across tasks and models
○ Insensitivity to hyperparameter
○ Less tendency to reward hacking
○ Stability across runs

Summary
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Links & Contact
Email: qiuxin.nju@gmail.com



Thank You


