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Abstract: To address the challenges of real-time performance and dynamic uncertainty in Large Language Model
(LLM) inference within cloud-edge collaborative environments, this paper proposes a synergistic decision-making
framework combining LLMs and Active Inference (AIF-LLM). The framework utilizes Sentence Transformer to
quantify macroscopic semantic guidance into policy preference vectors, which are then integrated into the calculation
of Expected Free Energy to achieve precise decision-making under high-level guidance. A meta-learning module is de-
signed to dynamically adjust the semantic preference weight $\lambda$ based on environmental uncertainty, thereby
balancing macroscopic guidance with the precise cost modeling of Active Inference. Simultaneously, the framework
leverages the semantic understanding capabilities of the LLM to generate initial belief priors, significantly optimizing
cold-start performance and sample efficiency. Simulation results indicate that AIF-LLM reaches a Quality of Service

(QoS) satisfaction rate of 92.57%, achieving absolute improvements of 2.90, 4.90, 8.00, and 10.00 percentage points
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compared to mainstream SAC, PPO, DQN, and A2C algorithms, respectively. In system limit load scenarios, the

framework successfully reduces the QoS violation risk and long-tail failure rate by 28.07% and 47.67%, respectively,

validating the framework's superior robustness and adaptability in complex environments.
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5: 525 % M FE T (Asynchronous Guidance)

6:1f U, > Threshold then

7: Async_Call:
Vprep<— Encoder(advice)

8:End If

9 fl M S B ¥R % (Real-time Decision)
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10:Update A, < Meta_Network(U,)

11: Prune
,neq <= TopK_VFE(D, 0,)

Policy Space

12: For min I1,,eq do
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EFE

14:End For

157 « arg min G(r)

16:Execute 7~ and Update Belief

17:End While
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