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Abstract The removal of redundant triples (specifically inverse and symmetric relations) in knowledge
graph link prediction tasks, commonly adopted for data leakage mitigation, often leads to a significant
degradation in model performance and presents considerable challenges for optimization. This study
proposes the Structural Perturbation and Multi-view Analysis Framework (SPMA) to system-atically
investigate the underlying mechanisms by which data structural features influence model performance.
Using FB15k-237 as a benchmark dataset, SPMA establishes a three-dimensional analysis system
encompassing “structural features-performance metrics-influence mechanisms”. It integrates structural
perturbation generation, quantitative evaluation, and multi-view explanation methods, forming a
transferable and generalizable analytical paradigm. Firstly, this research develops a connected subgraph

sampling algorithm based on heuristic Breadth-First Search (BFS) to construct subgraph sets with
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differentiated structural features. Through sensitivity experiments, we discover that the imbalanced

distribution of relationship categories constitutes a critical structural bottleneck. Its negative impact

exhibits a significant correlation across different sampling scenarios. Furthermore, multi-dimensional

analyses, including convergence dynamics, gradient distribution analysis, and embedding space

visualization, reveal that different relation categories demand distinct optimization intensities, gradient

contributions, and spatial structural requirements. This inherent conflict hinders models from achieving

a balanced multi-objective optimization. Systematic validation on mainstream models such as TransE,

ComplEx, and SEGNN consistently indicates that performance constraints primarily stem from the

inherent structural features of the data rather than limitations of the model architectures. The SPMA

framework established in this study provides a novel theoretical tool for knowledge graph data quality

assessment, structural optimization, and the design of model training strategies.
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Background
This study is part of a broader project dedicated to
advancing knowledge graph technologies, particularly in

improving link prediction. Significant progress has been made
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in this field, with many state-of-the-art models exceeding
human-level performance on multiple benchmark datasets.

However, models still face challenges on datasets such as
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FB15k-237—where data leakage has been mitigated —and
their performance has plateaued in recent years. The
shortcomings of prior methods on FB15k-237 prompt us to
investigate the structural characteristics of the dataset itself.
This paper proposes a general framework named SPMA
(Structural Perturbation and Multi-view Analysis) to
systematically uncover the mechanisms by which dataset
structural features affect the performance of knowledge graph
link prediction models. A subgraph sampling method is first
introduced to perform structural perturbation, generating
subsets with diverse structural features. Correlation and
sensitivity analyses are then conducted to identify the key
structural factor impacting model performance—namely, the
imbalance in the distribution of relationship categories.
Building on this, the study further performs a multi-view path
analysis from three per spectives to elucidate how this structural
model behavior. The findings offer

feature influences

theoretical insights for improving model performance on

FB15k-237 and provide guidance for enhancing the modeling
of complex relation types, optimizing resource allocation
strategies, and refining embedding representations in future
research.

Furthermore, this project confirms the significant impact
of relationship category distributions on link prediction and
delves into their theoretical underpinnings. It thereby lays a
foundation for enhancing how models represent complex
relations, allocate resources, and optimize embedding methods.
Our study also supplies a general analytical framework for
modeling complex dataset structures and designing efficient
embedding  mechanisms, potentially  driving  further
advancement in knowledge graph link prediction. This research
was supported by the National Natural Science Foundation of
China (Grant No. U1801262) and the Guangdong Provincial
Science  and (Grant  No.

Technology ~ Program

2019B010154003).



