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Abstract In the era of big data, rapid data growth has caused the problem of information
overload. On the one hand, it is difficult for people to quickly get what they want in the massive
amount of data. On the other hand, some users know what they want but don’t know how to
describe it, and search engines often can’t help. Therefore, how to express and obtain valuable
information more effectively is a challenge. A knowledge graph is a widely used model that can
hold a large number of nodes and edges of knowledge. Knowledge graph embedding can represent

the semantic information of knowledge through vectors, so the knowledge graph embedding
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model can be used to help improve the efficiency of people’s access to information by using the
knowledge in the graph. The main idea of knowledge graph embedding is to represent the semantic
connections of entities and relationships in the knowledge graph through a continuous vector
space. This technology has shown good capabilities in other downstream tasks of knowledge
graphs, such as link prediction, question answering system, recommendation system, and natural
language processing. The existing knowledge graph embedding methods mainly include distance-
based models, semantic matching models, neural network models, etc. These models either do
not make full use of the interactive feature information of entities and relationships, or have weak
modeling capabilities for combinatorial relationships. Therefore, these methods are not capable of
representing the triples of multi-relationship patterns in knowledge graphs. In order to effectively
solve the modeling problem of multi-relational patterns, it is necessary to combine the above
models. In this paper, we propose an embedding model QuatCNNEx that combines quaternion
and convolutional neural networks. The model draws on the modeling ideas of QuatE and the
feature extraction ability of CNN. The modeling process is extended from complex space to
quaternion space to further improve the expressive ability of the embedded model. QuatCNNEx
takes the quaternions embedded in entities and relationships as inputs to the CNN model. The
model uses quaternion to represent features with richer entities and relationships, giving it the
ability to model multi-relational patterns. On this basis, the Hadamard product of feature embedding
and head entity embedding is used to make the head entity embedding to obtain the features of
relational embedding. Then, the rotation of the head entity in the quaternion space is realized
through the Hamilton product of relational embedding and head entity embedding., and the
embedding representation of the tail entity is obtained. Therefore, the combination of Hadamard
product and Hamilton product is used to obtain the embedding representation of the triplet
through iterative optimization. Through link prediction experiments, the proposed method is
compared with the existing main models in MRR, Hit @3, and Hit @1 indicators. Experimental
results show that the proposed method achieves the best results on the benchmark set with a
larger number of relationships. Compared with the neural network model ConEx and the quaternion-
based model QuatE, QuatCNNEx improves by 0. 3% and 0.3%, 0.5% and 1%, 0.4% and 0. 4%
in MRR, Hit@3 and Hit @1, respectively, which indicates that the model can effectively use the
interaction feature information of entities and relationships to represent the multi-relationship patterns
in the knowledge graph.
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goal of these projects is to better explore the potential of spatio-
temporal big data. By enhancing the precision of knowledge
representation, the successful deployment of knowledge graphs
in downstream applications such as question answering
systems., recommendation systems, and natural language
processing can be facilitated. The paper proposes a novel
embedding representation model to address the scarcity of
research on the representation of multi-relational patterns in
knowledge graph embedding. Subsequently, a recommendation
model is constructed using the proposed embedding represen-

tation model to tackle the issue that existing recommendation

models utilize excessive knowledge graph information operations,
resulting in an overburdened model.

A quaternion convolutional neural network-based
embedding representation model is introduced. To address
the limitation of existing embedding representation models in
representing multi-relational pattern triads, the model is
formulated in the quaternion space and employs a combination of
convolutional neural network, Hadamard product, and
Hamiltonian product operations to learn the knowledge contained
within the knowledge graph and obtain the embedding repre-
sentation of triads. Compared with other models in this
domain, the proposed model exhibits superior performance in
representing multi-relational pattern triads and can express

more features within the knowledge graph.



