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Abstract: To address the “stability-plasticity dilemma” faced by multi-agent systems based on large language models
and the risk of catastrophic forgetting caused by fine-tuning, a frozen main branch dual-loop evolution framework
was proposed. General reasoning was decoupled from policy preferences by this framework. Discrete value iteration
was utilized to optimize immediate actions by the behavioral loop. A prediction error-modulated semantic reflection
mechanism was introduced by the semantic loop that transformed natural language feedback into high-dimensional se-
mantic gradients, driving the evolution of external latent vectors in a continuous semantic space. In experiments con-
ducted in the GridWorld game environment, this method achieves a 85.6% task success rate under fully frozen param-
eters, with the highest path-weighted success rate, while exhibiting extremely low inference latency (2.1 s/step) and

token consumption (3.2 k/session). The experiments also observe socially cooperative behavior based on implicit
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causal reasoning, validating the significant potential of this paradigm in terms of low resource consumption and high

interpretability.

Key words: large language model, multi-agent system, continuous learning, dual-loop evolution
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