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Abstract: Large language models (LLMs), empowered by massive parameter scales and strong semantic representa-
tion capabilities, have achieved breakthrough progress in natural language processing, computer vision, and related fields,
and have gradually become a key foundation of modern intelligent systems. However, increasing demands for lightweight
deployment, on-device customization, and scenario-specific specialization have led to the rapid emergence of task-specific
models. Although these specialized models exhibit strong capabilities within their respective domains, they are insufficient
for handling complex multi-task and multi-domain reasoning independently, which motivates research on multi-model col-
laborative inference. Existing studies primarily focus on model fusion or single collaboration paradigms, which limits the ex-
ploitation of complementary strengths across models and lacks systematic exploration of collaboration structures and path
mechanisms. To address these challenges, this study proposes a collaborative inference framework for model-interconnec-
tion scenarios, enabling an evolutionary shift from linear chain structures to multi-path composite structures. The frame-
work formalizes two basic paradigms—serial inference (SI) and parallel inference (PI)—and further introduces two hybrid
strategies, serial-to-parallel (S2P) and parallel-to-serial (P2S), to dynamically coordinate depth- and breadth-oriented collab-

oration pathways. Comprehensive experiments on mathematical reasoning, knowledge understanding, and symbolic reason-
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ing show that SI, PI, S2P, and P2S improve accuracy by 24.33, 16.66, 26.66, and 25.33 percentage points, respectively, com-

pared with single-model inference. Additional analysis shows that hybrid collaboration significantly reduces overall infer-

ence latency while achieving higher accuracy, demonstrating a superior performance-efficiency trade-off. Moreover, the

study reveals the structural impacts of different collaboration paths, offering theoretical insights and empirical evidence for

the design of multi-model networks and efficient model-interconnection systems.

Key words: large model; model interconnection; multi-model collaboration; serial inference; parallel inference; com-

posite collaborative inference
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