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Table 1 The unified mathematical expressions of four classic graph topological metrics. A represents the adjacency
matrix, I represents the identity matrix, and D represents the degree matrix.
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Figure 1 (Color online) Statistical law of similarity between real graphs.
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Figure 2 (Color online) The ability of the reconstruction optimization paradigm to express high-order similarity.
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Figure 3 (Color online) Hierarchical relationship between node-level representation and metapath-level representation.
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Figure 4 (Color online) Representation correlation between traditional graph representation (a) and the proposed
independent graph representation (b).
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Figure 5 (Color online) Statistical analysis of factors
influencing user-media interaction behavior.
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Figure 9 End-to-end QoS cross-layer dynamic mapping model.
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Abstract Multimedia intelligent computing is an interdisciplinary field that integrates artificial intelligence and
multimedia computing. Its core objective is to achieve deep understanding and efficient service of multimodal data
through intelligent representation, analysis, and collaborative computation of large-scale multimedia data. This
field faces two major challenges. First, the scale of multimedia data entities grows exponentially over time, and
their associative combinations explode exponentially, resulting in a dual exponential increase in the scale of data
entity relationships. Second, due to the exponential growth of multimedia data volume, the heterogeneous and
complex nature of network structures, and dynamic concurrent user demands, the network resources required for
user access to media also increase exponentially over time. To address the challenge of discovering relationships and
patterns under the dual exponential growth of associations in large-scale multimedia data, this paper introduces
recent advances in the theory and methods of associative representation for multimedia big data. By uncovering
the mapping principles between graph topological space and vector representation space, we discovered a unified
mathematical expression for vectorized measurement of graph asymmetric transitivity. We proposed a structure-
preserving deep associative representation method and developed a graph representation learning model that
integrates micro-level local structures with macro-level global structures. This achieves a transition in graph
associative representation learning from shallow to deep layers and from micro to macro structures. To tackle
the challenge posed by the conflict between the exponential growth of large-scale multimedia content and limited
network resources in heterogeneous network environments, this paper explores a new paradigm of multimedia
network resource computing using big data analytics theory. We revealed the interaction mechanisms among
media content, user behavior, and network topology, proposed a media content dissemination prediction model
based on user behavior and a large-scale network topology model, and established a new theory for cross-
domain collaborative computation of resources for large-scale multimedia. This enables a shift in network
resource allocation from passive and static configurations to active and dynamic adaptation. The research
outcomes advance multimedia intelligence from semantics-driven to relation-driven approaches and from isolated
optimization to global collaboration, offering significant application value in scenarios such as public safety, smart
cities, and the internet economy.

Keywords multimedia big data, cross-media intelligence, multimedia computing, big data analytics



