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Research on Cloud Resource Scheduling Based on Hierarchi-
cal Game Theory and Hybrid Parameterized Control

Abstract: Cloud resource scheduling in large-scale data centers faces severe challenges characterized by high concur-
rency, dynamic workload volatility, and conflicting optimization objectives (e.g., tradeoffs between makespan, energy
consumption, and resource utilization). Traditional heuristics often lack adaptability, while single-agent Deep Rein-
forcement Learning (DRL) approaches suffer from the "curse of dimensionality" when scaling to large state spaces.
To address these limitations, this paper proposes HGT-MARL-CS-PSO, a novel framework that orchestrates schedul-
ing through a hierarchical game-theoretic approach. First, we formulate the scheduling problem as a Two-Level Stack-
elberg Game: a high-level Manager Agent (M-Agent) acts as the Leader, defining global strategic goals based on
macro-workload patterns, while low-level Executor Agents (E-Agents) act as Followers, engaging in a non-
cooperative Nash game to balance local resource competition with global cooperation. Second, to mitigate the explo-
sion of discrete action spaces, we introduce a Hybrid Parameterized Control Mechanism. Instead of generating task
mappings directly, the RL agents output continuous weight parameter vectors to dynamically configure a subordinate
Cuckoo Search-Particle Swarm Optimization (CS-PSO) scheduler for precise micro-execution. Theoretical analysis
validates the convergence of the proposed framework towards a Stackelberg Equilibrium. Extensive experiments us-
ing real-world Google Borg Traces demonstrate that HGT-MARL-CS-PSO significantly outperforms state-of-the-art

DRL baselines and meta-heuristics in terms of makespan reduction, energy efficiency, and resource utilization, prov-
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ing its superior generalization and robustness in complex environments.

Key words: Cloud Resource Scheduling, Multi-Agent Reinforcement Learning (MARL), Stackelberg Game, Param-

eterized Control
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Makespan Comparison
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System Energy Comparison
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